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1. About...

’ b

HydrauCale

gb

Software for Fluid Flow and Pressure Loss Calculations
in Pipes and Piping Elements such as

Bends, Reducers, Tees, Valves, Orifices and more.

Brief description:

HydrauCalc is a software application that allows accurate modelling and calculating of stabilized
flows in pipes and piping elements (laminar and turbulent flow).

Friction Loss is calculated using the Darcy-Weisbach method, which provides accurate results for
non-compressible fluids (liquids). This method also provides satisfactory results of reasonable
accuracy for compressible fluids (gases) when the Mach number is less than 0.2 - equivalent to 70
m/s for air at normal tfemperature and pressure (ref: Internal Flow System, Second Edition, D.S.
Miller).

Friction Factors can be calculated using various formulations: Colebrook-White, Swamee-Jain
Equation... and more than 40 other correlations published by recognized scientists (for the purpose
of comparison of results).

HydrauCalc runs on the Windows environment and has an intuitive interface.

The software comes with its own databases (liquid and gaseous fluids, standard diameters and pipe
roughness). Users can also add their own fluid characteristics and pipe diameters.

Units can be selected individually or by unit systems. More than 300 units commonly used in
hydraulic calculations are integrated with HydrauCalc. The unit conversion engine is dynamic and
automatically converts the values when modifying the units.

11
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Quality Assurance:

HydrauCalc comes with a document that provides a comparison of the results of the software with
a series of examples published in well-known and respected references. Examples of hydraulic
analysis include calculations of flow, pressure drop and pipe sizing for compressible and
incompressible fluids.

The HydrauCalc results data compares very favorably with the published results.

Interface Languages:

The interfaces are available in English, French and Spanish.

Saving a calculation:

For each piping element, the calculation data can be saved and reused later.

License:

HydrauCalc is supplied free of charge for private, educative, commercial or professional use.
HydrauCalc is owned by Frangois Corre.

User Agreement:

This Software is provided "as-is" without warranty of any kind. The author and distributor
disclaim all warranties and shall not be liable for any damages of any kind. If you don't agree with
this, or if this type of agreement is not allowed in your area, then you may not use this software.

Copyright Notice:

The HydrauCalc software package, which includes the executable program and all its accompanying
documentation, is Copyright © 2017-2024 by Frangois Corre.

12
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2. Components description

Components
This section describes each of the components or elements that can be modeled and calculated.

Components are grouped by component type in subsections. These subsections are organized in the
same order as in the Component Bar:

Qv Ou Al @

e Bends, Elbows

J Y58 22

e Transitions

pafedudedagadalc

e Junctions

2 S Gt Sad R Sa St e N7 NP
1 3 % 3 b

e Piping Entrances

s s (b R
R e A

e Piping Discharge

13
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5
1039 199 79 79) 7912

e Orifices, Perforated Plates and Flowmeters

ETA@

e Valves, Check Valves and Strainers

o g [ &
= r R IE
F =

e Miscellaneous

Ap=.. Ap=..
© M

Components are called by using the Component Bar.

In general, each component has several calculation methods that are derived from different
reference works. For all components, each calculation method is detailed and includes:

e A description of the method used

e The mathematical formulation of the model

e The nomenclature used for equations

e The validity range of the formulation

e Anapplication example

e The bibliographic reference (s) used for modeling

14
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This section will use, as much as possible, the notation for the cited references.

15
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2.1 Straight pipes

This subsection regroups the set of straight pipes that can be modeled and calculated. The types of
straight pipe available are:

Straight Pipe - Circular Cross-Section

e Straight Pipe - Rectangular Cross-Section
-
up

e Straight Pipe - Triangular Cross-Section

e Straight Pipe - Annular Cross-Section

16
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2.1.1 Straight pipe - Circular cross-section
Straight Pipe

Circular Cross-section

To calculate the pressure losses by friction in straight pipes, Darcy Weisbach's equation is used for
all proposed calculation methods, except for the HAZEN-WILLIAMS method.

For the calculation of the friction factor, the user can choose from one of the 5 available
relationships, depending on the roughness of the inner walls:

e Homogeneous roughness piping (uniform roughness - pipe used by Nikuradse for its
experimental data) - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

¢ Heterogeneous roughness piping (industrial type piping) - Handbook of Hydraulic Resistance,
3rd Edition, I.E. Idelchik

e Pipes with smooth walls - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
e Pipes with roughness walls - Internal Flow System, 2nd Edition, D.S. Miller

e Pipes with roughness walls - Hazen-Williams

It is also possible to explicitly specify the value of the friction factor. This is available in case you
are looking for results with another formulation of the friction factor (Haaland equation for
example). The friction factor is available for the following references:

e Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is "Pipes
with nonuniform roughness"

Calculation method

17
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[DELCHIK (3rd Ed.) Uniform roughness walls
IDELCHIK (3rd Ed.) Menuniform roughness walls
IDELCHIK (3rd Ed.) Smooth walls
IDELCHIK (3rd Ed.) Explicit Darcy friction factor
MILLER (2nd Ed.) Roughness walls
MILLER (2nd Ed.] Explicit Darcy friction factor
HAFEM-WILLIAMS (1914) Roughness walls

18
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2.1.1.1 IDELCHIK (uniform roughness walls)
Straight Pipe

Circular Cross-Section and Uniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed uniform (pipe used by
Nikuradse for its experimental data).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative

roughness),

e for turbulent flow regime by the Nikuradse equation (dependent of the value of relative
roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D, =D,

19



HydrauCalc - 2024a (www.hydraucalc.com)
Cross-section area (m?):

D,*

Fo=m-
) 4

Mean velocity (m/s):

W, = E
T F
Mass flow rate (kg/s):
G=Q- p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

W: 'DJ
'll'

Re =

Relative roughness:

— A
A=—
0

h

Darcy friction factor:
B |aminar flow regime (Re < 2000):
Hagen-Poiseuille law
1=5
Re

([1] diagram 2.1)

20
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
100000 T Y r

10000 ‘2 B
b

1000 & ™ E

W \ E

Lambda
S

S
=
-t
/
il

b
-
/
W)

=
oy
—
/
l

o
o

3
=
=
23
"_,‘
3
E=3

B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Nikuradze equation

. 1
’ [a.+b. ‘log(Re-~A)+¢. -Iog{Ejr ({1] diagram 2.2)
where the values of a1, b1 and c1 are given below:
A-Re -4 a; bs €1
3.6-10 -0.800 2.000 0.000
10 - 20 0.068 1.130 -0.870
20 - 40 1538 0.000 -2.000
40 -191.2 2.471 -0.588 -2.588
> 191.2 1.138 0.000 -2.000

Reynolds number at which pipe cease to be hydraulically smooth:
26.9

—1.142

Re' =

A ([1] §2.17)

Reynolds number corresponding to the beginning of complete furbulence:
_2176-3824 -log(A)
a ([1] diagram 2.2)

Reu ~

Transition region
21
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Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

a = = ol R =
e deta/Dh = 0 0004 delta/Dh = 0.0008 dedta/Dh = 0.002
delta/Dh = 0,006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04

01

T T T T T
oo '
oos

007
006
00s

004
0035
003

0025

002
0018
0016
004

oo

0014
0009
0008
0007

0005 dof

Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

a' = = ol =
e delta/Dh = 0.0004 deta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0,006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04

01

T T T T T
oo
008

007
006
00s

004 ; 1
0035 .
003 \//\

0025 \

002 N »
P \..\ o Sl b/t 7]

0016 NG ST T

0014 : e

0012 : N :
0014 { ey

0009 5
0008
0007 :
0005 dof 4 } $ $

Re

B critical flow regime (2000 < Re < 4000):

linear interpolation

A=

; ."1_RE—EDDD ) [Re—2000

!

. - 4+ A- - —
T T 2000 [+ \ " 2000 )

with:
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A = laminar friction coefficient obtained with Re = 2000

At = turbulent friction coefficient obtained with Re = 4000

Darey Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK {uniform roughness walls)

—— effaTh=TE-TE —— deltaDh = TEQF —— deltaDh=10

e ittt/ iDh = 00004 deltalDh = 00008 delta’Dh = 0002
delta’Dh = 0006 —— deltaDh = 0.01 delta’Dh = 0.02
delta’lh = 0.04

.08

ooy 4 B

00 4 g

Lambda
=
i

. g
J 1-\-'-""--__
603 o ey

0n2

1000 2000 plenrl 4000 GOy BooD L]

® all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

Re'lim ——— deRaDh = TE-OF —— dela/Dh = TE-
— defta’'Dh = 00001 —— deRa/Dh = 0.0004 —— delta/Dh = 0.0008
—— delta’'Dh = 0.002 dela/Dh =0.006 —— delta/Dh =001
delta/Dh = 0 02 deta/Dh = 0.04
o1 ; :
009 H :
008

o0or
008

0.0
004
0035
003
0025

Lambda

o2
0018
0016
004

0012

0014
0009
0008
0007
0006

Pressure loss coefficient (based on the mean pipe velocity):
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1
"D,

([1] equation 2-2)

Total pressure loss (Pa):

Copw
ap=; B
) 2

([1] equation 2-2)

Total head loss of fluid (m):

w,”
2-g

AH =2

Hydraulic power loss (W):
Wh=aAP-Q

Symbols, Definitions, SI Units:

Dn Hydraulic diameter (m)
Do Internal diameter (m)

Fo Cross-sectional area (m?)
Q Volume flow rate (m?/s)
G Mass flow rate (kg/s)

Wo Mean velocity (m/s)

| Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

Re'im  Limiting Reynolds number for hydraulically smooth law ()

Re"im  Limiting Reynolds number for quadratic law ()

A Absolute roughness of walls (m)

A Relative roughness of walls ()

A Darcy friction factor ()

¢ Pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

24



HydrauCalc - 2024a (www.hydraucalc.com)
AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

 any flow regime: laminar, critical and turbulent (Re < 108)
e A<005
e stabilized flow

Example of application:

& H)dnu(ak 26160 - [Straight m c«uiu cr;iss-s«ﬁon and unlotm Mms ;nllsr(l-OVB.VCt-K)]

Density : [ 998.2061 Igim?
Dynamic viscosity :  w 0.00100159 N.sjm?
Knematic viscomty : v LOO3AEDS mijs

@ oeraty Oomvec. O kn Vs

i 1910
1000
| Pressreloss | 0.002165757 | ber
| AH 0.021mof fud
L IR T
Complementary resuits
; Designation Symbol Value Unit
r< 00 Fovveadenndan ArelasaSi\Cooitans Seh M.k oh 0.0703 ~
l Ppe cross-secton ares o 0.003881508 m
Internal ppe volume: v 0.003831508 m
Mass of fud in the ppe. ™ 3.874548 kg
§ Length / Diameter’ rato 100 14.22475
Relatve roughness 3 0.0001422475
....... Reynolds number Re 90251
O 12 Fricton factar 2 0.01838383
- v S A e S e Pressure loss per length unit 0.002165757 bar o
020 % € 0 0N 880189 Pressure loss coefficent (based on the mean ppe velodty) < 0,2515054
[ kv Tomperature (°C) B’ Hydraube power kiss Wwh 1.082879 w

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.1.2 IDELCHIK (nonuniform roughness walls)
Straight Pipe

Circular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)

M S=
J -

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed honuniform (commercial

pipe).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poiseuille (independent of the value of relative
roughness),

o for turbulent flow regime by the implicit Colebrook-White equation (dependent of the value of
relative roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D, =D,
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Cross-section area (m?):

W, = Q9
"R
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:
W: i 'DJ:

1

Re =

Relative roughness:

- A
A=—
D

h

Darcy friction factor:
B |aminar flow regime (Re < Reo):
Hagen-Poiseuille law
1=94
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes

IDELCHIK (nonuniform roughness walls)

10000

1031

Lambda

=
ol

-

=
ol

oo

*
10" 10 10 19° 10

B turbulent flow regime - transition region and complete furbulence region (Re > Rez):

Colebrook-White equation

— ([1] diagram 2.4)

Reynolds number at which pipe cease to be hydraulically smooth:

Re' _

15
A

([1] §2.23)

Reynolds number corresponding to the beginning of complete turbulence:

Reu ~

560
A

([1] diagram 2.4)

Transition region
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Darcy Friction Factor (Turbulent-transition flow)

Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

e deM/Dh
delta/Dh
delta/Dh

= 0.0004
= 0,006
=003

dolta/Dh = 0.0008

—— delta/Dh = 0.01

—— delta/Dh = 0.05

deha/Oh = 0.002
delta/Dh = 0.02

01

Lambda

0o
008
007

006
005

004
0035
003

0025

002
0018
0016
004
oo

0014
0009
0008
0007
0005

Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

[—— oW = TETG

e deM/Dh

= 0.0004

delta/Dh = 0.006
delta/Dh = 0.03

—— delta/Dh = 0.01

delta’Dh = 0.02

—— deMaDh = TED5 —— delaDh =0
dolta/Dh = 0.0008 delta/Dh = 0.002

—— delta/Dh = 0.05

01

oo
008
007

006
005

004

0035
003

0025 S

Lambda

002 R
0018

0016 £

0014 : S
0012 ’ s
001 4
0009
0008
0007 :
0005 do} 4 I $ 4

Re

B critical flow regime (Reo < Re < Rez):

i =f(Re,})

([1] diagram 2.3)

Reynolds number of start of critical zone:
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i A
Re, = 754 exp| @

%,

-

([1] §2.21)

Reynolds number at end of critical zone:

0.0635

Re, =200/ - |
WA

([1] §2.22)

Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— doWaDh = TEO6 —— deRa/Oh = TE-05 —— delia/Dh = 0.0007
e dela/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
delaDh=003 —— delta/Dh =0.05
01 \ L) L T T v T
\
\
009 4.\ : 3
\\
oos 1 \ b ]
\
oor + 3
~
°
'g 006 < . ’ -
~
- —
005 4 AT . 3
o0 F =5
003 +
002 u $ 4 4 $ $
500 1000 1500 2000 2500 3000 3500 4o0¢
Re

® all flow regimes:
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

- a =2 ol R 8/ 2
~— defta’Dh = 0.0004 —— deka/Dh = 0.0008 ~ delta/Dh = 0.002
delta’Dh =0.006 —— deka/Dh =001 delta/Dh = 0.02
delta/Dh =003 —— delta/Dh = 0.05
0.1 oy T T T T
0o 3
008

oor
008
0.0

004
0035

003
0025

Lambda

ooz
o0o18
0016
004

0012
0014
0008

0.007
0006 4+

Pressure loss coefficient (based on the mean pipe velocity):
. /

ey

- D,

([1] equation 2-2)

Total pressure loss (Pa):

_ _pew,?
AP=7.2 =
- 2

([1] equation 2-2)

Total head loss of fluid (m):

a.H:;-W;
2-g

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:

Dn Hydraulic diameter (m)
Do Internal diameter (m)
Fo Cross-sectional area (m?)
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Volume flow rate (m3/s)

Mass flow rate (kg/s)

Mean velocity (m/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Reynolds number of start of critical zone ()

Reynolds number at end of critical zone ()

Limiting Reynolds number for hydraulically smooth law ()
Limiting Reynolds number for quadratic law ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Darcy friction factor ()

Pressure loss coefficient (based on the mean pipe velocity) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)

o A< 0.05

e stabilized flow

Example of input data and results:
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(8 HydrauCalc 2016s - [Straight pipe circulsr cross-section and if ghness walls (IDELCHIK)] - x
Fil kdticn  Preferenc sulation method  Database  Tocks  Hel

; B L
- 4 e e
‘ Flid characteristsics
L)/ P weeoiam v
‘ Ref.: LAPWS 1797
o

4
f‘ Pressure P 1013 ber

Density : e 938.2061 Igim?
| Dynamicviscosity: o 0.00100159 N.sjm?
.), Knematic viscoslty : v LOOJWEDS mijs

@owsty OOmvec Oknvec

19w
1 < >
) R RIS i AP
| o e : resareios b
@ : N : AH 00230 m of Rud
"o Ta— .
Complementary results
Z - Desgnation Symbal Value Unit
i Hydraukc dametes oh 0.0m3 m
B ! Poe cross-secton ares () 0.003881508 m
wm ). Interndl ppe volume: \J 0.003881508 -
3t Mass of fuud in the ppe ] 38748548 kg
e Sy ipEaNe Length / Diameter’ rato 00 122475
P L e oy T Relatve roughness 3 0.0001422475
: Reynolds rumber Re 90251
1 Fricton factor 2% 0.01907611 ,
Pressure loss per length unit 0.002247313 barje
0NN 600w IE Pressure koss coefficent (based on the mean poe velooty). T 0.271359 .
[0 weesera gl Mok power loss wh 1.12%657 w
il
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.1.3 IDELCHIK (smooth walls)
Straight Pipe

Circular Cross-Section and Smooth Walls

(IDELCHIK)

e

{ |
l-.;f;;d - —

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The inner wall of the piping is supposed to completely smooth (without roughness).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poiseuille,

o for turbulent flow regime by the explicit Filonenko and Althsul equation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):
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D—-Z
Fo=m-——
u T 4

Mean velocity (m/s):

W, = Q
T F
Mass flow rate (kg/s):
G=Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.-p

Reynolds number:
w, -0

h

Re =

1

Darcy friction factor:
B |laminar flow regime (Re < 2000):
Hagen-Poiseduille law
1-54
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

lmo T - v 1 T
10000 4 5
1000 - : E
m 100§ 1
2
2
E
b
Wy 1
'Y 1
AL \ E
oo - + . + +
10 w' 10 10' 10° 10 10
Re

B turbulent flow regime (Re > 4000):
Filonenko and Althsul Equation

A 1 .

~ [1.8-log(Re)-1.64]

([1] diagram 2.1)

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

01 por T T T T

009
008
oor

006
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0025
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0018
0016
004

0012

Lambda

0014
0009
0008

0007
0006

B critical flow regime (2000 < Re < 4000):
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interpolation between laminar and turbulent flows

A=T1(Re) .
([1] diagram 2.1)
Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK {smooth walls)
0530
0045 4 -
T,
]
'E o040 4 - = <. 3 = S—
=
e
0035 4 ¥ . -
.-’
0.030
1000 2000 E- 400 5000 6000 8000 100

m all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (smooth walls)
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E S
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Pressure loss coefficient (based on the mean pipe velocity):
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1
"D,

([1] equation 2-2)

Total pressure loss (Pa):

W,
N AL
. 2z

([1] equation 2-2)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aAP-Q

Symbols, Definitions, SI Units:

Dn Hydraulic diameter (m)
Do Internal diameter (m)

Fo Cross-sectional area (m?)
Q Volume flow rate (m?/s)
G Mass flow rate (kg/s)

Wo Mean velocity (m/s)

I Pipe length (m)
Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)

Re Reynolds number ()

A Darcy friction factor ()

¢ Pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)
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p Fluid density (kg/m?*)

Y Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e any flow regime: laminar, critical and turbulent (Re < 10%)

e stabilized flow

Example of application:

|(I8 MydrauCalc 20168 - [Straight pipe circular cross-section and smooth walls (DELCHN)]

Database  Tools

(®) Deraity
1w

Oomvec. O kn v

) €5 ion method
| MiLe - Slad-
=7 NS 4=
; Fud: [Water @ 1ot ¥
| Ref.: IAPWSIFSY
| Temperatre : T a; xc
! Pressure : P 1013 bar
i
i Density : s 9081 gk
| Dynamic viscosity :  » 0.00100159 N.sjm?
E Knematic vacesty :  «  LOOJNEDS mifs
i’
|

=l G

S

.............

AP

Pressre loss b
AH 0.0227mof Aud
Comgple y resuits

Designation Symbol Value Unit
Hydraulc dameter oh 0.0203 m
Pipe cross-section ares Fo 0.003881508 m
Internal ppe volume: v 0.003331508 m
Mass of fiud in the ppe ~ 3874548 %)
Length / Diameter’ ratio o0 14.22475
Reynolds number Re 90251

2 Fricton factor A 00188694
Pressure loss per length unt 0002222968 barjm
Pressure loss coefficent (based on the mean ppe veloatty) s 0.2684134
Hydraulc power ks wh 1111484 w

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.1.4 IDELCHIK (explicit Darcy friction factor)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D,*
4

Fo=m-

Mean velocity (m/s):

W, = Q
T F
Mass flow rate (kg/s):
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G=Q p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:
w, - D,
1!

Re =

Pressure loss coefficient (based on the mean pipe velocity):

S
D,

S =A-

([1] equation 2-2)

Equivalent relative roughness (turbulent regime - Re > 4000):
Colebrook-White equation
1

251 A )|
737l

A=

: 2-Iog.
L " ([1] diagram 2.4)
where A is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a = = o
e dela/Dh = 0.0004 delta/Dh = 0.0008
delta/Dh = 0006 —— delta/Dh=0.01

delaDh=003 —— delta/Dh=0.05

2/ =
dedta/Dh = 0.002
delta/Dh = 0.02

o‘ Al T L
000
008
007 $\

006
00s

004

0.1

0035
003

0025

Lambda

002
0018
0016
0014
0012
0014
0009
0008
0007
0005 Ao}

Equivalent absolute roughness (m):

A=A-D,

Total pressure loss (Pa):

) - ﬁ"w-:lz
AP=0.——2
) 2

([1] equation 2-2)

Total head loss of fluid (m):

w,o

2-g

AH =7

Hydraulic power loss (W):
Wh=aP.-Q

Symbols, Definitions, SI Units:

Dn Hydraulic diameter (m)
Do Internal diameter (m)

Fo Cross-sectional area (m?)
Q Volume flow rate (m?/s)
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G Mass flow rate (kg/s)

Wo Mean velocity (m/s)

I Pipe length (m)

Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)

Re Reynolds number ()

Iy Darcy friction factor ()

¢ Pressure loss coefficient (based on the mean pipe velocity) ()
A Equivalent absolute roughness of walls (m)

A Equivalent relative roughness of walls ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)
% Fluid kinematic viscosity (m?/s)
g9 Gravitational acceleration (m/s?)

Validity range:

o critical and turbulent flow regime (2 10° < Re < 10%)
e stabilized flow

Example of application:

44



HydrauCalc - 2024a (www.hydraucalc.com)

HydrauCalc 20162 - [Straight pipe circular cross-section with explicit Darcy friction factor (IDELCHIK)] - X
Fi 0 Preferences diculaton method  Database  Tooks  Help

=0 % WIS e

‘ Flad charactensscs
L)/ P weeoim v

Ref.: IAPWS IF97

,, 1210
1 < >
1000 d——i ot : AP
v 32 S 3 Pressre loss b
@ N g 34 CoMImerAM
"o Ta— . seee
: : : Complementary results
Zw : : : Designatin Symbol Volue Unit
Hydraubc dameter oh 0,023 m
b BB o] o
e Internal ppe volume: v 0.003881508 il
T Mass of &ud in the ppe B 3ars4s 3
Beetiings:s BTN YLength / Dameter’ rato Voo 1.22475
PP R o P o Reyrolds number Re 0281
2 Equevalent relative roughness (Colebrook-hite equation) 3 0.0003504553
Equivalent absolute roughness A 2463BELS L]
Pressure loss per length unt 0002356155 barke
UECRC R B N Pressure loss coeffcent (based on the mean poe vekodty). 2 0.28485
0 eewerac gL s pome oss ) L1077 w
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.1.5 MILLER (roughness walls)
Straight Pipe

Circular Cross-Section and Roughness Walls

(MILLER)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

e for turbulent flow regime by the explicit Swamee-Jain equation (dependent of the value of
relative roughness), the explicit Swamee-Jain equation is a Colebrook-White equation
approximation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
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Cross-section area (m?):

2
A:J-d—
A4

Mean velocity (m/s):

=2
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):
M=V p

Reynolds number:

_U.D
==

Re

Darcy friction factor:
B |aminar flow regime (Re < 2000):
Hagen-Poiseuille law
64
“Re

f

([1] equation 8.7)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
MILLER (roughness walls)

100000

10000 1[ -4

Re

B turbulent flow regime - transition region and complete turbulence region (Re > 4000):
Swamee-Jain equation (Colebrook-White equation approximation)
0.25
;Iog; i + 5?4 I_|
| TL3.7-D Re*? )|

f:

([1] equation 8.4)

Reynolds number corresponding to the beginning of complete turbulence:
_580
= ([2] diagram 2.4)

Reu N

Transition region
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Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
MILLER (roughness walls)

KD =0006 — KD =001

01
009
oos
oor
006

005

T Al T Ll A\l

00
0035
0w

- 0025

o002
0018
0016
o014
0012

0014
0o
0008
0007

0005 dof

Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
MILLER (roughness walls)

TE06 —— KD=1E05 — kD=0 — =
0.0008 kD = 0.002 kD =0006 -~ kD=001
0.02 kD = 0.04

T Al T Ll T

S

01
00
oos
oor

006
005

004 : X g
003 3 T :

- 0025 s

002 : s
0018 N T ]
0016 N e
0014 v

0012 : e St ]

0014 : : . -
0009 : -

0008 : : ™ R~
0007 :

0005 bof - + - +

Re

B critical flow regime (2000 < Re < 4000):
cubic interpolation
F=(X1+R-(X2+R-( X3+ X4)))

(3D

with:
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R- Re
2000
X1=T7-FA-FB

X2=0128-17-FA+2.5-FB
X3=-0128+13-FA-2.FB
X4=R-(0.032-3-FA+0.5-FB)

FA= Y3~

rh a5 000514215
Y2v3
kK 574

Y2=37p R

Y3 =_0.86850./n| K, 274

\37-D 4000°° )

Darcy Friction Factor (Critical region)
Circular cross-gsection pipes
MILLER (roughness walls)

KD = 00008 kD = 0,002 KD = 0006 D= 001
WD = 0.02 kD= 0.04
008
-
0oT 4
006 4=
1
= 005 4
1
04 2=
003
1
002
1000 2000 W00 4000 5000 BDOD 1000

m all flow regimes:
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

KD = 0.002
WD = 0.04

— KD =001

WD = 0.006

01
009
oos
oor
006

005

T T T T T

004
0035
003

- 0025

002
0018
0016
0014
0012

0014
000
0008
0007
0005

Re

Friction pressure loss coefficient:

L
K. =f.—
f D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
K=K,

Total pressure loss (Pa):

p-U*
2

AP=K-

([1] equation 8.1b)

Total head loss of fluid (m):
UZ
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aFP-Q

Symbols, Definitions, SI Units:
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Hydraulic diameter (m)

Internal diameter (m)
Cross-section area (m?)

Volume flow rate (m3/s)

D

d

A

Q

m Mass flow rate (kg/s)
U Mean velocity (m/s)

L Pipe length (m)

v Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)
Re Reynolds number ()

Re"im  Limiting Reynolds number for quadratic law ()

k Absolute roughness of walls (m)

f Darcy friction factor ()

K¢ Friction pressure loss coefficient ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar, critical and turbulent (Re < 10%)

e k/D<0.05
e stabilized flow

Example of application:
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| B8 HydrauCalc 2016s - [Straight pipe circular cross-section and roughness walls (MILLER)] - %

-

10N N 600N 8NN Pressure koss coefficent (based on the mean ppe velodty) | 0.2707287
O g e amu b (G Hydaubc power koss 1121072 w

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
[2] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
[3] Dunlop (1991)
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2.1.1.6 MILLER (explicit Darcy friction factor)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

2
A:I-d—
4

Mean velocity (m/s):

Q
U=—
A
Mass flow rate (kg/s):
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m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):
M=V p

Reynolds number:

“U-D
S

Re

Friction pressure loss coefficient:

L
K.=f.—
f D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
K=K,

Equivalent absolute roughness (turbulent regime- Re > 4000):
Swamee-Jain equation (Colebrook-White equation approximation)
0.25
oK 574\
log +—=3 1|
L L37-D Re"t )]

([1] equation 8.4)
where k is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
MILLER (roughness walls)

= 1k- — KD = o
kD = 0.0008 K0 = 0.002
kD =002 kD =004

T ™ T g ey : w—

Re

Total pressure loss (Pa):

AP =K-

p-U*

([1] equation 8.1b)

Total head loss of fluid (m):

AH=K-

2-g

UE

([1] equation 8.1a)

Hydraulic power loss (W):

Wh=aP-Q

Symbols, Definitions, SI Units:

D

Hydraulic diameter (m)
Internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)
Mass flow rate (kg/s)
Mean velocity (m/s)

Pipe length (m)
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K¢

AP

AH
Wh
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Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Darcy friction factor ()

Friction pressure loss coefficient ()

Total pressure loss coefficient (based on the mean pipe velocity) ()
Equivalent absolute roughness of walls (m)

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e critical and turbulent flow regime (2 10° < Re < 108)
e stabilized flow

Example of application:
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Muﬁokm&-lwmdtdum-mmqkkbuqﬁcﬁm'mmm] - X
File  Edticn  Preferences  Cakculation method  Database  Tooks  Help
' @ S
- % B
‘ Flad characteristics
L ) ) R weeoiam vl
Ref.: IAPWS IF97

Pressice oss bar
AH 0,041 mof Rud
Complementary results

Desgnation Symbol Value Unit
Hydraubc dameter b 0.0703 m
Internal ppe volume: v 0.003881508. m
Mazs of fuid in the ppe M a8ss o

WIWM Lo VH.ZVZO'?S

e Aemmeed = sl
2 Equivaient relative roughness (Swamee-Jan equatin) Ll 0.000341564 ,
Equrvalent absolute roughness X 2019€05  m
- - - Pressure loss per length unit 0.002356155 bar
St oSty Pressure oss coefficent (based on the mean ppe veloaty). * 02465 1
O T I Hdraukc pomer koss wh 117077 w

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
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2.1.1.7 HAZEN-WILLIAMS (roughness walls)
Straight Pipe

Circular Cross-Section and Roughness Walls

(HAZEN-WILLIAMS)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of circular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Hazen-Williams equation.

The Hazen-Williams equation is an empirical relationship which relates the flow of water in a pipe
with the physical properties of the pipe and the pressure drop caused by friction. It is used in the
design of water pipe systems such as fire sprinkler systems, water supply networks, and irrigation
systems.

The Hazen-Williams equation has the advantage that the coefficient C is not a function of the
Reynolds number, but it has the disadvantage that it is only valid for water. Also, it does not account
for the temperature or viscosity of the water.

Model formulation:

Hydraulic diameter (m):
D, =D
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Cross-section area (m?):

A=,T-D‘
4

Mean velocity (m/s):

v=9
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

\“{:l:A'L

Fluid mass in the pipe (kg):
M=V, p

Reynolds number:

VD
>

Re

Head loss of fluid (m):

=L v

11 0.849.C

HA -

;s:.||:;_u

Note: this equation is derived from the following Hazen-Williams relationship adapted to SI units:

v=0849.C,, -R°%.8

(23))

with:

R. =

D
4

and:
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Pressure loss coefficient:

VZ

K:Hr_z_g

Pressure loss (Pa):

AP=K-£Z
2

VZ

Equivalent Darcy friction factor:

fok. 2
L

Equivalent relative roughness (turbulent regime - Re > 4000):

Colebrook-White equation

f=

1
2-|UQE€ 2.1 + k \'2
\Re-ff 37.-D)

where k is calculated by solving the equation.

KD = 0.0008
KD = 0.02 WD = 0.03 KD = 0.05

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

KD = 0.002 KD = 0.006 - KD =001

T T AAAA | v T

Re
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Equivalent absolute roughness (m):

E:k-DI

Hydraulic power loss (W):

Wh=aFP-Q

Symbols, Definitions, SI Units:

D
Dn
A
Q
v
m
L
Vol
M
Re

Chw

Internal diameter (m)

Hydraulic diameter (m)

Cross-section area (m?)

Volume flow rate (m?/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Hazen-Williams roughness coefficient (m°7/s)
Head loss of fluid (m)

Hydraulic radius (m)

Head loss per unit length of the pipe ()
Pressure loss coefficient (based on the mean pipe velocity) ()
Pressure loss (Pa)

Equivalent Darcy friction factor ()

Equivalent relative roughness of walls (m)
Equivalent absolute roughness of walls (m)

Hydraulic power loss (W)

Fluid density (kg/m?)

Fluid kinematic viscosity (m?/s)
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g Gravitational acceleration (m/s?)

Validity range:
e turbulent flow regime (4-10% < Re < 1-108)

e mean velocity lower than or equal to 3 m/s (V < 3 m/s)

e internal diameter of pipe between 0.05 m and 1.85 m (0.05 m <D < 1.85 m)

o valid only for fresh water close to 15 ° C with a kinematic viscosity of approximately 1.13-10®
m?/s

o stabilized flow

Example of application:

(8 HydrauCaic 2019b - {Straight pipe circular cross-section and roughness walls - HAZEN-WILLWA fren_MO!_Principal
File Edt Preferences Cakulation method Database Tools Help Utilisez le menu déroulant pour afficher d'autres déments dans ce fichses, et y accéder.
=7 T
\ M“m
s e .
Ref.: LAPWS 1P97
Temperatre ©  § { ‘ﬂ C
ﬁ Pressure : P 1013 ber
Density : o #R01 g
] Dynamic Viscosity : o 0.00113756 N.gm?
. Knematic Viscosty : v L1I3BSE0S =i
@oeaty Oomvsk. O rn Ve
1 1010 e "
e L T |
it uils I =
Pressure koss 0.003339767 | b
(@‘ K 0,0341mof fud
¥ Designation Symbol Value Uit
S Hydraulc dameter Oh 0.0203 m
Mydraulc rads Rh 0.017575 m
: Ppe cross-section ares A 0.003331508 m
internal ppe volume: Vel 0.003381508 m
Mass of fiud in the poe M 3.873019 kg
Length / Dismeter’ ratio o 14.22475
Head loss per unit lengh of the ppe 5 0.03408679
i Reynolds number Re 79534.65
Equivalent relative roughness (Colebrook-White equation) Ko 0.003262264
Equivalent absolute roughness 0.0002293372 m
52 Equivalent Darcy Fricton Factir f 0.02832391
Pressure loss per length unt 0.0033397%67 bae
Pressure loss coefficent (based on the mean ppe velooty) ¥ 0,4029005
Divers Hydrauk power koss wh 1.660883 w

References:

[1] 6. Williams & A. Hazen; "Hydraulic Tables. The elements of gagings and the friction of water
flowing in pipes, aqueducts, sewers, etc." (1914)
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2.1.2 Straight pipe - Rectangular cross-section
Straight Pipe

Rectangular Cross-section

To calculate the pressure losses by friction in straight pipes, Darcy Weisbach's equation is used.

For the calculation of the friction factor, the user can choose from one of the 4 available
relationships, depending on the roughness of the inner walls:

¢ Homogeneous roughness piping (uniform roughness - pipe used by Nikuradse for its
experimental data) - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Heterogeneous roughness piping (industrial type piping) - Handbook of Hydraulic Resistance,
3rd Edition, I.E. Idelchik

¢ Pipes with smooth walls - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Pipes with roughness walls - Internal Flow System, 2nd Edition, D.S. Miller

It is also possible to explicitly specify the value of the friction factor. This is available in case you
are looking for results with another formulation of the friction factor (Haaland equation for
example). The friction factor is available for the following references:

e Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is "Pipes
with nonuniform roughness"

Calculation method
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[DELCHIK (3rd Ed.) Uniform roughness walls
IDELCHIK (3rd Ed.) Menuniform roughness walls
IDELCHIK (3rd Ed.) Smooth walls
IDELCHIK (3rd Ed.) Explicit Darcy friction factor
MILLER (2nd Ed.) Roughness walls
MILLER (2nd Ed.} Explicit Darcy friction factor
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2.1.2.1 IDELCHIK (uniform roughness walls)
Straight Pipe

Rectangular Cross-Section and Uniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed uniform (pipe used by
Nikuradse for its experimental data).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative

roughness),

e for turbulent flow regime by the Nikuradse equation (dependent of the value of relative
roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):

D,=2'a3'b3
a, +b.

([1] diagram 2.6)
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Cross-section area (m?):
F,=a,-b,

Mean velocity (m/s):

W, = Q
T F
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:
w, -0

R

Re =

i

Relative roughness:

- A
A=—0
O

h

Darcy friction factor for circular cross-section:
B |aminar flow regime (Re < 2000):
Hagen-Poiseuille law
o
- Re

([1] diagram 2.1)

67



HydrauCalc - 2024a (www.hydraucalc.com)

Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
100000 T Y r

10000 ‘2 B
b

1000 & ™ E

W \ E

Lambda
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=
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il

b
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/
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—
/
l

o
o

3
=
=
23
"_,‘
3
E=3

B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Nikuradze equation

. 1
’ [a.+b. ‘log(Re-~A)+¢. -Iog{Ejr ([1] diagram 2.2)
where the values of a1, b1 and c1 are given below:
A-Re {7 a; b, 1
3.6 -10 -0.800 2.000 0.000
10 - 20 0.068 1.130 -0.870
20 - 40 1538 0.000 -2.000
40 -191.2 2.471 -0.588 -2.588
>191.2 1.138 0.000 -2.000

Reynolds number at which pipe cease to be hydraulically smooth:
26.9

—1.142

Re' =

A ([1] §2.17)

Reynolds number corresponding to the beginning of complete furbulence:
_2176-3824 -log(A)
a ([1] diagram 2.2)

Reu ~

Transition region
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Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

a = = ol R =
e deta/Dh = 0 0004 delta/Dh = 0.0008 dedta/Dh = 0.002
delta/Dh = 0,006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04
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0005 dof

Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

a' = = ol =
e delta/Dh = 0.0004 deta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0,006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04

T T T T T

01
oo
oos
007

006
005

004 ; 1
0035 .

003 \//\
0025 \

002 P oT :
P \.\» o Sl b/t 7]

0016 . —
0014 ' - S

0012 : N :
0014 N Py il
0009

0,008
0007 :
0005 bt - : -

Lambda
£

-T

Re

B critical flow regime (2000 < Re < 4000):
linear interpolation
L ."1_RE—2DDD l . RE—EDDDl

=41 e
“ 2000 )T 2000 )

with:
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A = laminar friction coefficient obtained with Re = 2000

At = turbulent friction coefficient obtained with Re = 4000

Darey Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK {uniform roughness walls)

—— fefaTh=TE-TE —— delfalh= TE0F —— deltaDh=0

e it D = 00004 delta’Dh = 00008 delta’Dh = 0,002
delta’Dh = 0006 —— deltaDh = 0.01 delta’Dh =002
deltailh = 0.04

.08

00s 4 -

[l ~

'--...M_'___
e
Bt —

002

Lambda

1000 2000 plenrl 4000 GOy BooD L]

® all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

Re'Tim ——— deHa/DR = TE-06 —— dela/Dh = TE-D5 |
~—— delta’'Dh = 00001 —— deRa/Dh = 0.0004 —— delta/Dh = 0.0008
—— delta’Dh = 0.002 delta/Dh = 0.006 —— delta/Dh=0.01
delta/Dh = 002 delta/Dh = 0.04
0t
T Y T Y T
008

o0or
008
008
004
0035
003
0025

Lambda

ooz
0018
0016
004

0012

0014
0009
0008
0.007

0006

Correction for Darcy friction factor for noncircular cross-section:

® go > bo
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k __=f(b,/a,)
nan 0 ([1] diagram 2.6)
® ao < bo
k _=f(a,/b,)
non : ([1] diagram 2.6)

B |aminar flow (Re < 2000):

Correction factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re < 2000)

T T T T T T T T T T
0
\
%
L1
1.3 4
\
12 '\
¢ ,
s N\
= W,
- ™,
11 ",
\\H
\'\
1.0 o
“«X‘HH
-\-\.\_\_\_\_\_-\-\---\_-
09 4 [EEE e TS SRPPPRTT
Ll ; i i o et i ;
oo 0.1 0z 03 ns o5 D& ar o8 na
b0fal

® turbulent flow (Re > 2000):
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Correction factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re > 2000)

P e e e r————p————————— — S— i
109 &\ !
108 & i

1
i
107 4
i
106 4 B

11 i

c {

o 105 .

c |

= i
104 + 1

i

103 1 4
1

{

1.02 4
. 1

~ 1

10t 1 1
i

= !

1.00 . : } ; : : deoeaind
0.0 01 02 03 04 05 06 0.7 08 09 10

b0/a0

Pressure loss coefficient (based on the mean pipe velocity):

1 ([1] diagram 2.6)

Total pressure loss (Pa):

A= 2o
2 ([1] diagram 2.6)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=2aF-Q

Symbols, Definitions, SI Units:

Qo Rectangular cross-section width (m)
bo Rectangular cross-section height (m)
Dn Hydraulic diameter (m)
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AP
AH
Wh
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Cross-sectional area (m?)

Volume flow rate (m3/s)

Mass flow rate (kg/s)

Mean velocity (m/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Limiting Reynolds number for hydraulically smooth law ()
Limiting Reynolds number for quadratic law ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Darcy friction factor for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Pressure loss coefficient (based on the mean pipe velocity) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)

e AZ 0.05

e stabilized flow

Example of application:
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{8 HydrauCalc 2017a - [Straight pipe rectangular cross-section and uniform roughness walls - IDELCHIK (3rd 4] -
' @ Nl
o 4 BN
Fhid characteristics Geametrical characteristics
e =
".’ Fud: Water © 18t piC] vl [Heb b | MoodyOwt
Ref.: IAPWS IF97
0.008 i
o ~ " . b0
R 005 |,
w0 LOmis | L0EQS | &
s /[ T
1 l 1 l- \I
AP S
Pressureloss | 0.0015:2225 | bar
A 0.0154m of fud
Symbol vale it
L SLASARa2 -
o 0005 m:
b0/e0. 0.5
v 0,005 -
’.‘ 4991031 o
e s
A 0.00015
e 6649097
A 0.01962806
SR ool 12 Correction factor for rectanguar cross-section W SR [
O segr Tomperaturs ) 212 Pressusre oss per length unt , 0001512225  bam
I S e i ¢ sapbrinty rdeh
Hydrakc power loss wh 0.751123 w

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.2.2 IDELCHIK (nonuniform roughness walls)
Straight Pipe

Rectangular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed nonuniform (commercial

pipe).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

e for turbulent flow regime by the implicit Colebrook-White equation (dependent of the value of
relative roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):

D,=2'a3'b3
a, +b.

([1] diagram 2.6)
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Cross-section area (m?):

Mean velocity (m/s):

Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

— W: 'DJ
1I’

Re

Relative roughness:
-
D,

Darcy friction factor for circular cross-section:
B |[aminar flow regime (Re < Reo):
Hagen-Poiseduille law
2=94
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
100000 T T T T T

10000

1031

Lambda

=
™)

-

=
ol

001 ; + ; o oo}

B turbulent flow regime - transition region and complete furbulence region (Re > Rez):

Colebrook-White equation

i 1
A== —
'2-It:1g; 2.1 +i\l
210 e AT
- — ([1] diagram 2.4)

Reynolds number at which pipe cease to be hydraulically smooth:
_15
2 1 (11182.23)

Re'

Reynolds number corresponding to the beginning of complete turbulence:
_580
A

Reu ~

([1] diagram 2.4)

Transition region
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Darcy Friction Factor (Turbulent-transition flow)

Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

e deM/Dh
delta/Dh
delta/Dh

= 0.0004
= 0,006
=003

dolta/Dh = 0.0008
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Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
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B critical flow regime (Reo < Re < Rez):

i =f(Re,})

([1] diagram 2.3)

Reynolds number of start of critical zone:
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i A
Re, = 754 exp| 0.0065

]
LA )

([1] §2.21)

Reynolds number at end of critical zone:

0.0635

Re, =200/ - |
WA

([1]1 §2.22)

Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— doWaDh = TEO6 —— deRa/Oh = TE-05 —— delia/Dh = 0.0007
e dela/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
delaDh=003 —— delta/Dh =0.05
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~
- —
005 4 AT . 3
o0 F =5
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® all flow regimes:
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delta’Dh =0.006 —— deka/Dh =001 delta/Dh = 0.02
delta/Dh =003 ~ delta/Dh = 0.05
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

(Xr=

L]
008
oor
008

0.0

004
0035

003
0025

Lambda

ooz
o0o18
0016
004

0012
0014
0008

0.007
0006

T T Y T

Correction for Darcy friction factor for noncircular cross-section:

® ao > bo

rone = 1B /a5 ) ([1] diagram 2.6)
® qp < bo

e (8, /b, | ([1] diagram 2.6)

B laminar flow (Re < 2000):
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Correction factor - Rectangular cross-section

IDELCHIK - Diagram 2-6 (Re < 2000)

29 o

o8

T T —rT Y T T —y T

1]

B turbulent flow (Re > 2000):

knon-c

Correction factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re > 2000)
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00

Pressure loss coefficient (based on the mean pipe velocity):

2

Lk

L
non—c D_ﬁ

([1] diagram 2.6)
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Total pressure loss (Pa):

AP =

}9'“":2
2

([1] diagram 2.6)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aP-0Q

Symbols, Definitions, SI Units:

ao
bo
Dn
Fo
Q
G

Wo

knon—c

Rectangular cross-section width (m)

Rectangular cross-section height (m)

Hydraulic diameter (m)

Cross-sectional area (m?)

Volume flow rate (m3/s)

Mass flow rate (kg/s)

Mean velocity (m/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Reynolds number of start of critical zone ()
Reynolds number at end of critical zone ()
Limiting Reynolds number for hydraulically smooth law ()
Limiting Reynolds number for quadratic law ()
Absolute roughness of walls (m)

Relative roughness of walls ()

Darcy friction factor for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()

82



HydrauCalc - 2024a (www.hydraucalc.com)
d Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)
AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
e A<0.05
e stabilized flow

Example of application:

ﬂ H,duu(ok 20150 - [Straight pipe r«unguhv aosssemon mdrnonrnmilonnrrough'n‘evss walls - lOt'lCHK (3'—‘—“.)] - X ‘
| File Ede Preferences Cakculation method. Tooks _Help. 1

Pressure loss b
Ak 00159 mof fud
Complementary resuits
Designation Symbol Value Unit
Hydraulc dameter oh 006666667 m
Ppe coss-secton ares o 0.008 m:
BO/a0 rato bhofsd 0.5
Internal ppe volume: ¥ 0.008 m
Mass of fusd In the poe M 4951031 kg
Length / Diameter’ rato toh 15
Relative roughness A 0.00015
Reynoids number e 66440.97
152 Friction factor for oradar cosssection 3 0.02024362
[ Comection factor for rectanguar cross-section mon< 1.0291
Pressure loss per length unt 0.001559649 bar
Pressure loss coefficent (based on the mean pipe veiocity) 4 0.3124906
Hydraulc power ks Wwh 0.7796247 w
4
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References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.2.3 IDELCHIK (smooth walls)
Straight Pipe

Rectangular Cross-Section and Smooth Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The inner wall of the piping is supposed to completely smooth (without roughness).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille,

e for turbulent flow regime by the explicit Filonenko and Althsul equation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):

_2-a,-b
a, + b,

D,

([1] diagram 2.6)

Cross-section area (m?):
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W, = Q
T F
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

W: III:}IJ
1l'

Re =

Darcy friction factor for circular cross-section:
B |aminar flow regime (Re < 2000):
Hagen-Poiseuille law
1=5
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

lmo T - v 1 T
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m 100§ 1
2
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b
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Re

B turbulent flow regime (Re > 4000):
Filonenko and Althsul Equation

A 1 .

~ [1.8-log(Re)-1.64]

([1] diagram 2.1)

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

01 T T T T

009
008
oor

006

005

004
0035

003

0025

002
0018
0016
004

0012

Lambda

0014
0009
0008

0007
0006

B critical flow regime (2000 < Re < 4000):
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interpolation between laminar and turbulent flows

A=Ff(Re)

([1] diagram 2.1)

Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK {smooth walls)
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Bods ~

0040 - . F—

Lambda

60348

1000 2000 s =] L] 5000 G000 2000 100
Re

® all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (smooth walls)
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® qo>bo
k =fib,/a,)
non-c | (1] diagram 2.6)
[ J ao < bO
kK =fla/b,)
nan- — | (1] diagram 2.6)

B |aminar flow (Re < 2000):

Caorrection factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re < 2000)

Correction for Darcy friction factor for noncircular cross-section:

knon-c

B3 na

® turbulent flow (Re > 2000):
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Correction factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re > 2000)
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Pressure loss coefficient (based on the mean pipe velocity):

1 ([1] diagram 2.6)

Total pressure loss (Pa):

oWy
ap=s B W
i 2

([1] diagram 2.6)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aP-0

Symbols, Definitions, SI Units:

ao Rectangular cross-section width (m)
bo Rectangular cross-section height (m)
Dn Hydraulic diameter (m)
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Fo Cross-sectional area (m?)
Q Volume flow rate (m3/s)
G Mass flow rate (kg/s)

Wo Mean velocity (m/s)

I Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

A Darcy friction factor for circular cross-section ()

knone  Correction for Darcy friction factor for noncircular cross-section ()
¢ Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
e stabilized flow

Example of application:
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(I8 MydrauCalc 2017a - [Straight pipe qular cross- and smooth walls - IDELCHIK (3rd Ed.)) - X
' [ P
- % EAMNES
Fhud charactenistcs Geametrcal char acteristcs
".’ Fud: Water © 18t piC] vl (Heb [ | ModyOwt
Ref.: TAPWS 1797
0.008 b
ey = b0
| ¥y 8 Pl £ ..:\» ........... 0.05 .
w0 LOmis T
=
Coi e t[ 1 Jm 5]
m “ AP S
— .
AH 00159 mof fud
Complementary resuits
Designation Symbol Value Unit
Hydraukc dametes oh 0.06666667 m
Poe coss-secton srea "o s m
B0/o0’ ratio. bo/e0. 0.5
Internal ppe volume: ) 0.008 -
Mass of fiid in the poe ¥ 4.991031 o
Length / Dameter’ rato 'hoh a5
Reynoldsnumber Re 66440.97
[ Correcton factor for rectanguar cross-section non-c 1.0291
e bt ™ iy remscbmpughu T osen e
O segr Tomperaturs ) 212 Pressure loss coeficent (based on the mean poe veoaty) 3 0.3114268
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.2.4 IDELCHIK (explicit Darcy friction factor)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.

Model formulation:

Hydraulic diameter (m):

_2-a;-h
" a,+h,

D,

([1] diagram 2.6)

Cross-section area (m?):

Mean velocity (m/s):

W, = Q
T F
Mass flow rate (kg/s):
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G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

= >

Re

Correction for Darcy friction factor for noncircular cross-section:

® qo>bo

kK __=f(b/a

rene =110 /3) ([1] diagram 2.6)
® qo< bo

kK =f(a,/b

rene = 118/0,) ([1] diagram 2.6)

B turbulent flow (Re > 2000):

Correction factor - Rectangular cross-section
IDELCHIK - Diagram 2-6 (Re > 2000)
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Pressure loss coefficient (based on the mean pipe velocity):

S=i-k /

nm—c'D
h

([1] diagram 2.6)

Equivalent relative roughness (turbulent regime - Re > 4000):

Colebrook-White equation

([1] diagram 2.4)

where A is calculated by solving the equation.

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— dolaDh = TEO6F —— deMaDh = 1E-05 —— GeaDh =0
e dela/Dh = 0 0004 dota/Dh = 0.0008 delta/Oh = 0.002
delta/Dh = 0006 —— delta/Dh =001 delta/Dh = 0.02
delta/Dh = 0.03 —— delta/Dh = 0.05
01 - :
009
008
007 -
006
005
004
0035
s 003
2 oo
E
~
-4 002
0018
0016
0014
0012
0014
0009
0008
0007
0006 4o} -
10 10 1w 10° 19 10’

Re

Equivalent absolute roughness (m):

A=A-D,

Total pressure loss (Pa):

_ P,
AP=¢. 2
- 2

([1] diagram 2.6)
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Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=2aF-Q

Symbols, Definitions, SI Units:

ao
bo
Dn
Fo

Re

knon—c

Rectangular cross-section width (m)

Rectangular cross-section height (m)

Hydraulic diameter (m)

Cross-sectional area (m?)

Volume flow rate (m3/s)

Mass flow rate (kg/s)

Mean velocity (m/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Darcy friction factor for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Pressure loss coefficient (based on the mean pipe velocity) ()
Equivalent absolute roughness of walls (m)

Equivalent relative roughness of walls ()

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m®)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)
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Validity range:

e critical and turbulent flow regime (2 10° < Re < 10%)
e stabilized flow

Example of application:

B - ‘

G MydrauCalc 20173 - [Straight pipe circular cross-section with explicit Darcy friction factor - IDELCHIK (3rd Ed.)) - x

Fy e 0 o 4 INOC J D 00 0
File Edt  Preferences  Cakculation method  Databa: ofs  Hel

S
m AP
Pressreloss | 0.00154083 | bar

A 0,0157 mof fud

Symbol Vakue Unit
oh 0.06666667 m
o 0.008 m
bojfed 0.5
v 0.008 m
M 4551031 L
hoh 15
Re £6490.97
3 8.974903E05
A 5.98269 06 m
mon< 10291 :
0,00154088 barjm
Pressure loss coefficent (based on the mean ppe velocty) 4 0.3087299 .
Hydraulc power kss wh 0.77044901 w

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.2.5 MILLER (roughness walls)
Straight Pipe

Rectangular Cross-Section and Roughness Walls

(MILLER)

[ =

m[*—* |

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

o for turbulent flow regime by the explicit Swamee-Jain equation (dependent of the value of
relative roughness), the explicit Swamee-Jain equation is a Colebrook-White equation
approximation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):

2-b-W
b=
b+W
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Cross-section area (m?):

A=b-W|

Mean velocity (m/s):

Q
U=—
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):
M=V p

Reynolds number:

_U-D
-=—=

Re

Laminar flow coefficient:

obH>W

CT=TWIDN (113 figure 8.6)
®b<W

Cr=rb/w) ([1] figure 8.6)
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Straight pipe with rectangular cross-section
Laminar flow coefficient
MILLER - Figure 8.6

’m‘ T T T T T T T T T
90
8
.
[4]
™
B
% R TR PR SRR PR
(1] ol 0.2 a3 D4 17 L) By o 09 19

Darcy friction factor:
B |laminar flow regime (Re < 2000):

Hagen-Poisedille law

Cf
f=—"
Re .
([1] equation 8.7)
Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
MILLER (roughness walls)
'mo T Ml v 1

L " 4 .
oo u T y Y



HydrauCalc - 2024a (www.hydraucalc.com)
B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Swamee-Jain equation (Colebrook-White equation approximation)
0.25

log kK _ an [
%9370 Re™ )

f=

([1] equation 8.4)

Reynolds number corresponding to the beginning of complete furbulence:

e _ 960
- A ‘
([2] diagram 2.4)
Transition region
Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
MILLER (roughness walls)
—— KD = TE06 kK0 =1E05 —— KO =0.0001 WO =0.0004
KD = 0.0008 K0 = 0002 KD = 0.006 k0 =001
kD =002 kD =004

00:"; T Al T L T
008
oor
006
005
004
0035
003

- 0025
002
0018
0016
0014
0012
0014
0009
0008
0007
0006 4t

Complete turbulence region
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Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
MILLER (roughness walls)

— k= 1E-0b - KD =1ED5 —— KD =00001 —— KD =00004
kD = 0.0008 kD = 0002 kD = 0.006 KD=001

kD = 0.02 kD = 0.04
01 T T T T T

oos
oor
006

005

004 N o I OOER
0035 /' "

003 A"

002
0018
0016 . ~— SN I T T
0014

0012 SRR AL by
0014
0009 .
0008 —
0007
0005 Jof

Re

B critical flow regime (2000 < Re < 4000):
cubic interpolation
F=(X1+R-(X2+R-(X3+ X4)))

([3D
with:
R- Re
2000
X1=7 FA—FB
X2=0128-17 FA+2.5 FB
X3=-0128+13.FA-2 FB
X4=R.-(0.032=3.FA+0.5. FB)
FA= Y3~
o a5 0.00514215)
T y2va
k574
V=375 R
Y3 =-0.86859.1n| & _+ 274 |
\37.D 2000°°

102



HydrauCalc - 2024a (www.hydraucalc.com)

Darcy Friction Factor (Critical region)
Circular cross-gsection pipes
MILLER (roughness walls)

KD = 0,0008 KD = 0,002 KD =0006 — kD=001

WD = 0.02 kD = 0.04
.08
BoT 4= ]
0G24 ]

w05 - ]
004 4 ]
[T A -
002
1000 2000 000 4000 1515 ] BOOD L)

® all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

01

——WO=TE6 —— KWO=TEDS —— WO=0 —
KD = 0.0008 KD = 0.002 KD =0006 — KO =001
kD =002 kD =004

009
oos
oor

006
005

004
0035
on

- 0025

002
0018
0016
0014
0012

0014
0009
0008
0007

0005

Al T L T

Friction pressure loss coefficient:

K, =f

L

D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
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K=Kf

Total pressure loss (Pa):

p- LA

AP=K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH =K.

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aF-0Q

Symbols, Definitions, SI Units:

b Cross-section width (m)
Cross-section height (m)
Hydraulic diameter (m)

Cross-section area (m?)

w

D

A

Q Volume flow rate (m?/s)
m Mass flow rate (kg/s)

U Mean velocity (m/s)

L Pipe length (m)

Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)
Re Reynolds number ()

Re"im  Nombre de Reynolds correspondant au début de la turbulence complete ()

Cf Laminar flow coefficient ()

k Absolute roughness of walls (m)

f Darcy friction factor ()

K¢ Friction pressure loss coefficient ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
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AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

Y Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
e k/D<0.05
e stabilized flow

Example of application:

(8 HydrauCalc 2019b - {Straight pipe rectangular cross-section and roughness walls - MILLER (2nd £d.)]

File Ede  Pref e Database T
- ! MO - §l&k
¥ kA o 2
Flud: Water @ 1ot pC] bt
Ref.: LAPWS IP97

Temperature © T ml <

Pressure : P 1013 ber

Density : 0 99,2061 kpin
Dynamic Viscosity : 1 0.00300158 N’
mm FEN mm =iy

(®) Deraity : Oom . O xn Ve,
1010

| D R e S e p P
L pnseon (557151157 | b

AN 0.0154m of fud

Symbol
Hydraubc daeter
Pipe ross-section ares
Internal ppe volume:
Mass of fid In the ppe
Length / Diameter’ rato
Relotive roughness
Reynoids number
£ Darcy Friction Factor
Pressure loss per length unt
Pressure loss coeficent (based on the mean poe veloaty)
Hydraulc power loss

—
Cenmty (hgim*)

g %

¢

IFOH TN
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References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
[2] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
[3] Dunlop (1991)
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2.1.2.6 MILLER (explicit Darcy friction factor)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of square or rectangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.
Model formulation:

Hydraulic diameter (m):

2-b-W
b=
b+W

Cross-section area (m?):
A=b-W

Mean velocity (m/s):

Q
U==
A
Mass flow rate (kg/s):
m=Q-p
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Fluid volume in the pipe (m?):

V=A.-L

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

“U-D
—

Re

Friction pressure loss coefficient:

L
K.=F-—
’ D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
K=K,

Equivalent absolute roughness (turbulent regime - Re > 4000):
Swamee-Jain equation (Colebrook-White equation approximation)
0.25
[ ko 574\
log +—=% 1|
| T\3.7-D Re™ )]

([1] equation 8.4)
where k is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
MILLER (roughness walls)

= 1k- — KD = o
kD = 0.0008 K0 = 0.002
kD =002 kD =004

A\l A T MAAA § T -

Re

Total pressure loss (Pa):

AP =K-

p-U*

([1] equation 8.1b)

Total head loss of fluid (m):

AH=K-

2-g

UE

([1] equation 8.1a)

Hydraulic power loss (W):

Wh=aAP.0Q

Symbols, Definitions, SI Units:

b

w
D
A
Q
m
U

Cross-section width (m)
Cross-section height (m)
Hydraulic diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)
Mass flow rate (kg/s)

Mean velocity (m/s)
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L Pipe length (m)

v Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

f Darcy friction factor ()

K¢ Friction pressure loss coefficient ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
k Equivalent absolute roughness of walls (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e critical and turbulent flow regime (2 10° < Re < 108)

e stabilized flow

Example of application:
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HydrauCalc 2019b - {Straight pipe rectangular cross-section with explicit Darcy friction factor - MILLER (2nd Ed))

Pred Calkkulation method  Datadase  locis  Help

File Edt Preferences
=l v LS - Sl EE
o kA o 5

Fhad char acteristics Geometrical characteristics

Ref.: LAPWS IF97

‘ g e e i
Fud: Water © 1atm P] ] mrem-g—-o;lw

e —

Pressure : P 1013 bar 0.008

o
Dynamic Viscosity : o 0.0030015% N.gjm? ) U Loms
v LOOMOEDS mifs (Turbudent)

@oematy Oomve. O rn v

V2 (1

-----
At

2 R T e Presmreloss | 0.001571636 | bar
b U HIE S S AN 0.0191 m of fid

Designation
Hydraulc dameter
Poe cross-secton ares
Intemal poe volme
Mass of fuid In the ppe.
ol Lot
2 Equevalent relative roughness (Swamee-Jan equatin)
el oo oabon)

W, Pressure oss coeficent (based on the mean poe veodty)
| Doy T 00)  1R)(Q Hydrauk powes koss

s v
Y
>

rereis

3% x53_58<bsoi

Valoe

0.001576051

0.00187363

0.935838

E13s g

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
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2.1.3 Straight pipe - Triangular cross-section

Straight Pipe

Triangular Cross-section

)

|
!

To calculate the pressure losses by friction in straight pipes, Darcy Weisbach's equation is used

For the calculation of the friction factor, the user can choose from one of the 4 available
relationships, depending on the roughness of the inner walls:

Homogeneous roughness piping (uniform roughness - pipe used by Nikuradse for its
experimental data) - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Heterogeneous roughness piping (industrial type piping) - Handbook of Hydraulic Resistance
3rd Edition, I.E. Idelchik

Pipes with smooth walls - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
Pipes with roughness walls - Internal Flow System, 2nd Edition, D.S. Miller

It is also possible to explicitly specify the value of the friction factor. This is available in case you

are looking for results with another formulation of the friction factor (Haaland equation for
example). The friction factor is available for the following references:

Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is "Pipes
with nonuniform roughness"

Calculation method
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[DELCHIK (3rd Ed.) Uniform roughness walls
IDELCHIK (3rd Ed.) Menuniform roughness walls
IDELCHIK (3rd Ed.) Smooth walls
IDELCHIK (3rd Ed.) Explicit Darcy friction factor
MILLER (2nd Ed.) Roughness walls
MILLER (2nd Ed.} Explicit Darcy friction factor
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2.1.3.1 IDELCHIK (uniform roughness walls)
Straight Pipe

Triangular Cross-Section and Uniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of triangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed uniform (pipe used by
Nikuradse for its experimental data).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative

roughness),

e for turbulent flow regime by the Nikuradse equation (dependent of the value of relative
roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Half top angle (°):

- T
S=tan™ | —— |
: 2-h)
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Hydraulic diameter (m):
2-h

h
’1+\/ .1 +1
tan® ( 5)

Cross-section area (m?):

F-2p
T

Mean velocity (m/s):

W, = E
TR
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V .p

Reynolds number:

— W: 'DJ
1I’

Re

Relative roughness:
- A
A=—0o

DJ:

Darcy friction factor for circular cross-section:
B |laminar flow regime (Re < 2000):
Hagen-Poisedille law
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_ 64
e T Oe
Re ([1] diagram 2.1)
Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
100000 a3 T T
10000 T B
\\\
S8
.
Loady 3 \\_\ E
NG
100 25
g - 3 \ E
gl \\\
=
0y NG 1
3 N
\\
\\
iy P E
o
AN
\\
ot ™N
T 1
\\ |
001 - - - -
10° 10 10 10' 19° 10° 10
Re

B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Nikuradse equation

1

"F‘ﬂ"‘:‘ =
[a. +h

log(Re- i) +c. -IGQ{E]T

([1] diagram 2.2)

where the values of a1, b1 and c1 are given below:

A-Re {2 a; b; !
3.6-10 -0.800 2.000 0.000
10 - 20 0.068 1.130 -0.870
20 - 40 1538 0.000 -2.000

40 - 191.2 2.471 -0.588 -2.588
>191.2 1.138 0.000 -2.000

Reynolds number at which pipe cease to be hydraulically smooth:

Re' - 26.9

|'-l.

—1.142

([1] §2.17)

Reynolds num

ber corresponding to the beginning of complete turbulence:
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m critical flow regime (2000 < Re < 4000):

117

Re _2176-3824 log(4)
e lim — E
([1] diagram 2.2)
Transition region
Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
a = —_ = o _ =
- delta/Dh = 0.0004 delta/Dh = 0.0008 delta/Oh = 0.002
delta/Dh = 0.006 —— deda/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04
01 or . T T -
0o '
oo
007
006
005
004
0035
_g 003
2 0028
H
- 002
0018
0016
004
002
0014
0009
0008
0007
0005 o}
10’
Complete turbulence region
Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
a = _ = o _ =
e dela/Dh = 0.0004 delta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0.006 —— deda/Dh =0.01 delta’Dh = 0.02
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linear interpolation
[, Re—=2000) . [Re-2000
e = Ay | - ——— |+ A | ————
2000 ) . 2000 )

with:

AL = laminar friction coefficient obtained with Re = 2000

At = turbulent friction coefficient obtained with Re = 4000
Darcy Friction Factor (Critical region)

Circular cross-section pipes
IDELCHIK {uniform roughness walls)

—— deftaTh = TE-T& deftallh = TEJS  —— deltalh = 0.000T
dltaDh = 00004 dielta’Th = 00008 deltaDh = 0002
delta’'Dh = 0006 —— deltaDh = 0.01 delta’Dh = 002
daltallh = 0.04
.08
oor 4 ]
oo 1 J
L. 3
1 E
'E oos I ]
[}
J -
o4 4 J“ grmmgaan
ooy I T
002
1000 2000 100 4000 6000 BODD 1000
Re

® all flow regimes:
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

Re'lim ~— deRa/Dh = TE- — a/Dh = 1E-
e deita/Dh = 00001 —— dolta/Dh = 0.0004 delta/Dh = 0.0008
—— delta/Dh = 0.002 delta/Dh = 0006 —— delta/Dh=0.01
delta/Dh = 0.02 deta/Dh = 0.04

01

0o
oos
007

006
005
004
0035
003

0025

Lambda

002
0018
0016
oo
oo

0014
0009
0008
0007
0005

Correction for Darcy friction factor for triangular cross-section:
B laminar flow (Re < 2000):

Koon-e =T 3)

([1] diagram 2.8)

Straight pipe with triangular cross-section

Correction factor for triangular cross-section (Re <= 2000)

085

IDELCHIK - Diagram 2-8

084 4

083 4

082 4

0381 4

080 4

knon-c

079 o

078 4

077 4

076 4

T T T T T T T T

-+
v

PR
gt

Beta

B turbulent flow (Re > 2000):
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([1] diagram 2.8)

Straight pipe with triangular eross-section
Correction factor for triangular cross-section (Re > 2000)

1.00

IDELCHIK - Diagram 2-8

095 4

090 2=

knon-¢

085 /

u
—

.
8L
-

¥

40 50 60 70 .1 50
Beta

Darcy friction factor for triangular cross-section:

e = Ao K

tng — “arc non—c

([1] diagram 2.8)

Pressure loss coefficient (based on the mean pipe velocity):

: ]
L = Ay —
™,

Total pressure loss (Pa):

L P,
ap=r BV
) 2

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aP.Q

([1] diagram 2.8)

([1] diagram 2.8)
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Symbols, Definitions, SI Units:

ao Cross-section base (m)

h Cross-section height(m)

B Half top angle (°)

Dn Hydraulic diameter (m)
Fo Cross-sectional area (m?)
Q Volume flow rate (m3/s)
Wo Mean velocity (m/s)

G Mass flow rate (kg/s)

I Pipe length (m)
Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()
A Absolute roughness of walls (m)
A Relative roughness of walls ()

Acire Darcy friction factor for circular cross-section ()
Re'im  Limiting Reynolds number for hydraulically smooth law ()
Re"im  Limiting Reynolds number for quadratic law ()

knon-c  Correction for Darcy friction factor for triangular cross-section ()

Mria Darcy friction factor for triangular cross-section ()
¢ Pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
\Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
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Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
o relative roughness A <0.05
o stabilized flow

Example of input data and results:

[H8 HydrauCakc 2019b - {Straight pipe triangular cross-section and unif ghness walls - IDELCHIK (3rd Ed.))

AP
pmseio [ G755 | b

AH 0.0896 m of fud

Pressure oss coefficent (based on the mean ppe velooty)
Hydraukc power loss

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.3.2 IDELCHIK (nonuniform roughness walls)
Straight Pipe

Triangular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of triangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed nonuniform (commercial

pipe).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

e for turbulent flow regime by the implicit Colebrook-White equation (dependent of the value of
relative roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Half top angle (°):

- T
S=tan™ | —— |
: 2-h)
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Hydraulic diameter (m):
2-h

h
’1+\/ .1 +1
tan® ( 5)

Cross-section area (m?):

F-2p
T

Mean velocity (m/s):

W, = E
TR
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V .p

Reynolds number:

— W: 'DJ
1I’

Re

Relative roughness:
- A
A=—0o

DJ:

Darcy friction factor for circular cross-section:
B |aminar flow regime (Re < Reo):
Hagen-Poisedille law
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([1] diagram 2.1)

ID

Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
ELCHIK (nonuniform roughness walls)

T

T T T T

B turbulent flow regime - transition region and complete turbulence region (Re > Rez):

Colebrook-White equation

1

gine

2 |UQ:T 3; |

291

([1] diagram 2.4)

Reynolds number at which pipe cease to be hydraulically smooth:

Rel o — —

15

A

([1] §2.23)

Reynolds number corresponding to the beginning of complete turbulence:

Re",, =220

A

([1] diagram 2.4)

Transition region
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Darcy Friction Factor (Turbulent-transition flow)

Circular cross-section pipes

IDELCHIK (nonuniform roughness walls)

2/ = J— =1k
e delta/Dh = 0.0004 dekta/Dh = 0.0008

deha/Oh = 0.002

delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05
o’ ¥ v T v T
oo :
008

007
006
00s

004
0035
o 003
3
= 0025
L)
-l 002
0018
0016
004
0012
0014
0009
0008
0007
0006
Complete turbulence region
Darcy friction factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
 deMaDh=00004 —— dexa/Dh=00008 — deha/Dh = 0,002
deltaDh = 0006 —— deka/Dh = 0.01 delta/Dh = 0.02
. deaDh=003 —— dea/Dh=005
10 T T M T
\/!/\"' -
]
©
o <
£ 5 > ——
© "
- NG ~— tas
— 4
‘0‘2 RS : .
R~
-+ : ; : :
10° 10* 10° 10° 107 10°
Re

B critical flow regime (Reo < Re < Rez):

/.. =f(Re,A)

([1] diagram 2.3)

Reynolds number of start of critical zone:
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i A
Re, = 754 exp| 0.0065

]
LA )

([1] §2.21)

Reynolds number at end of critical zone:

0.0635

Re, =200/ - |
WA

([1]1 §2.22)

Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— doWaDh = TEO6 —— deRa/Oh = TE-05 —— delia/Dh = 0.0007
e dela/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
delaDh=003 —— delta/Dh =0.05
01 \ L) L T T v T
\
\
009 4.\ : 3
\\
oos 1 \ b ]
\
oor + 3
~
°
'g 006 < . ’ -
~
- —
005 4 AT . 3
o0 F =5
003 +
002 u $ 4 4 $ $
500 1000 1500 2000 2500 3000 3500 4o0¢
Re

® all flow regimes:
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

e deta/Dh = 0.0004 deta/Dh = 0.0008

deha/Dh = 0.002

delta/Dh = 0006 —— delta/Dh=0.01 dedta’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05
o' L] Al T L ]
000 3 ;
oos

007
006
005
004
0035
003

0025

Lambda

0.02
0018
0016
oo
oo

0014
0009
0008
0007
0008

Correction for Darcy friction factor for triangular cross-section:
B laminar flow (Re < 2000):

Koon-e =T 3)

([1] diagram 2.8)

Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-8
085

v T T L] Ls Ll L} T
084 4 <
083 4 . 3
oa2 & ]
081 4 i 3
¢ :
S oso & . : : 3
c
-
079 4 ; : 3
ors 3 : v : 3
077 4 . . . . .
076 4 . ’ ° . 2 -
078 4 } + + + + " "
0 10 » 40 50 60 70 20 S0
Beta

B turbulent flow (Re > 2000):
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([1] diagram 2.8)

Straight pipe with triangular eross-section
Correction factor for triangular cross-section (Re > 2000)

1.00

IDELCHIK - Diagram 2-8

095 4

090 2=

knon-¢

085 /

u
—

.
8L
-

¥

40 50 60 70 .1 50
Beta

Darcy friction factor for triangular cross-section:

e = Ao K

tng — “arc non—c

([1] diagram 2.8)

Pressure loss coefficient (based on the mean pipe velocity):

: ]
L = Ay —
™,

Total pressure loss (Pa):

L P,
ap=r BV
) 2

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aP.Q

([1] diagram 2.8)

([1] diagram 2.8)
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Symbols, Definitions, SI Units:

ao
h
p
Dn
Fo
Q

Wo

Acirc
Re'lim
Re"im
Reo
Re:

knon—c

7H’r‘ia

AP
AH
Wh

Cross-section base (m)

Cross-section height(m)

Half top angle (°)

Hydraulic diameter (m)

Cross-sectional area (m?)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Darcy friction factor for circular cross-section ()
Limiting Reynolds number for hydraulically smooth law ()
Limiting Reynolds number for quadratic law ()

Reynolds number of start of critical zone ()

Reynolds number at end of critical zone ()

Correction for Darcy friction factor for noncircular cross-section ()
Darcy friction factor for triangular cross-section ()
Pressure loss coefficient (based on the mean pipe velocity) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m®)
Fluid kinematic viscosity (m?/s)
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g Gravitational acceleration (m/s?)

Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
o relative roughness A <0.05
e stabilized flow

Example of input data and results:

(18 HydrauCakc 2019b - {Straight pipe triangular cross-section and if ghness wells - IDELCHIK (3rd £4.)) - x
File Ede Database T

o A 1
Flud characterstes

Fud: | Water © 10t ] v
Ref.: LAPWS IP97

e [

Pressure : P 1013 ber

Density : 0 99,2061 kpin?
Dynamic Viscosity : 11 0,00300158 N.gjm?
Dt £ L e S )

(4)00-77 mOmm O ¥, Vec.

1010

Designation
Hydraulc dameter
Top angle
Poe coss-secton ares
Internal ppe volume:
Mass of fud n the poe

Pressure oss coefficent (based on the mean ppe velooty)
Hydraukc power loss

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.3.3 IDELCHIK (smooth walls)
Straight Pipe

Triangular Cross-Section and Smooth Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of triangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The inner wall of the piping is supposed to completely smooth (without roughness).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille,

e for turbulent flow regime by the explicit Filonenko and Althsul equation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Half top angle (°):

o8, 0
A=fan” — |
: L 2-h)

Hydraulic diameter (m):
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D - 2-h

]
’1+\/ .1 +1
tan<( 5|

Cross-section area (m?):

Fo=22p
)

Mean velocity (m/s):

W, = Q
TR
Mass flow rate (kg/s):
G=Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

— W: 'DJ
"

Re

Darcy friction factor for circular cross-section:
B |laminar flow regime (Re < 2000):
Hagen-Poiseduille law

64
Re

r'f]."‘." =

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (smooth walls)
100000 T T v v T

10000 4 B

1000 -1r \

w 100 4 1
-
2
E
b

Wy 1

't 1

o1 4 . : \ 1

o0 : : . . :
10 10 10° 1 19 10° 10
Re

B turbulent flow regime (Re > 4000):
Filonenko and Althsul Equation
1
[1.8-log(Re)~1.64]

([1] diagramme 2.1)

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

01y o] T T T
000
008
o0or

006

005

0.04
0035
003

0025

Lambda

002
o018
0016
004
0012

0014
0009
0008
0007

0006

RS
=

Re

B critical flow regime (2000 < Re < 4000):
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005

0045

Lambda

0.035 -

0040 o

0030
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interpolation between laminar and turbulent flows

([1] diagram 2.1)

Darey Friction Factor (Critical region)

Circular cross-section pipes
IDELCHIK [smooth walls)

/‘\

® all flow regimes:

01

2000

Darcy Friction Factor

4000

Circular cross-section pipes
IDELCHIK (smooth walls)

5000 G000 2000 Lo

008
oor
006

0.05

004

0035
003

Lambda
o
S

o0
o018
0016
0014

0012
0014

0009
0008

0007

T

T

0.006

Re

Correction for Darcy friction factor for triangular cross-section:
B |aminar flow (Re < 2000):
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([1] diagram 2.8)

Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re <= 2000)

085

IDELCHIK - Diagram 2-8

084 4

083 4

082 4

081 4

T T T T v T T

)¢
S oso §
c
-
079 4
ors
077 4
076 3
07s 4
) 10

24
s+
b

50 60 70 20 S0
Beta

B turbulent flow (Re > 2000):

Koon—e =T 1 5)

([1] diagram 2.8)

Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re = 2000)
IDELCHIK - Diagram 2-8

knon-¢
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Darcy friction factor for triangular cross-section:

Ap = Ay -K

= “gre " Mnon—c ([1] diagram 2.8)

Pressure loss coefficient (based on the mean pipe velocity):

= ="K-"l'-

1
ns DI:‘

([1] diagram 2.8)

Total pressure loss (Pa):

LW,
AP = .2 Ws
- 2

([1] diagram 2.8)

Total head loss of fluid (m):

W,

AH=C-
" 2.g

Hydraulic power loss (W):
Wh=aP-Q

Symbols, Definitions, SI Units:

ao Cross-section base (m)

h Cross-section height(m)

B Half top angle (°)

Dn Hydraulic diameter (m)
Fo Cross-sectional area (m?)
Q Volume flow rate (m?/s)
Wo Mean velocity (m/s)

G Mass flow rate (kg/s)

I Pipe length (m)

v Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)
Re Reynolds number ()

Acirc Darcy friction factor for circular cross-section ()

137



knon—c

7\¢r‘ia
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AH
Wh
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Correction for Darcy friction factor for noncircular cross-section ()

Darcy friction factor for triangular cross-section ()
Pressure loss coefficient (based on the mean pipe velocity) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

 any flow regime: laminar, critical and turbulent (Re < 10%)
e stabilized flow

Example of input data and results:
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(8 HydrauCalc 2019b - {Straight pipe trisngular cross-section and smocth walls - IDELCHIK (3rd Ed.)) - x
Fie tdt Preferences Cakulation m etho: d  Datadase
ABE
Fhad characteristics Geometrcal charactensics
Fud:  Weter © 10t P vl [ o | [ | MoodyOt |
Ref.: IAPWS IF97
i —
Pressre: P 1013 ber
Density o 998.2061 kgim? =
DOynamic Viscosity : 1 0,00300159 N.gjm?
@oeraty Oomvee. O rnvec, ——
1010 < e
: : -
; : 2l
1000 e Rrbiay Shm - AP
; : — -
. AH 0.0920 m of fsd
Designatn Symbol Vol Unit
Hyck ke dameter oh 0.0414213% m
Topange: 28 50 =
Ppe goss-secton ares Fo 0.0025 e
Internal ppe vokume v 0.0025 m
tass of fuid in the poe b 2455515 )
Reynokds rumber Re 82%2.24
12 Friction factor for crauar crosssection S 0.01923555
142 Correction factor for trangular cross-section imonc 09719
1020 % & %000 "%rﬂ! Pressure loss per lengthunt X 0.009030563 b
O kegr Tempeesture (C) ¥R (] Pressure loss coefficent (based on the mean pipe veiocty) 4 0.4513379
S el dicins = Aeratt] -
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.3.4 IDELCHIK (explicit Darcy friction factor)

Model description:

of triangular and constant cross-section.

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe

In addition, the flow is assumed fully developed and stabilized.

the Darcy formula.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with

In this model Darcy friction factor is filled explicitly.

Model formulation

Top angle (°):

%:tan"'—z.:
Ji | _||"||!

Hydraulic diameter (m):

2-h

B
’1+\/ .1 +1
tan<( 5|

Cross-section area (m?):

F,

3 p
2
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Mean velocity (m/s):

Q
W, = =
Mass flow rate (kg/s):
G=0Q-p

Fluid volume in the pipe (m?):

V=F I

Fluid mass in the pipe (kg):

M=V.p

Reynolds number:

_wy-Dy
=

Re

Correction for Darcy friction factor for triangular cross-section:

Kpon-e =T 5)

([1] diagram 2.8)

Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-8

knons¢

141



HydrauCalc - 2024a (www.hydraucalc.com)

Darcy friction factor for triangular cross-section:

i =i -k
fonz = Fare Foone | (1] diagram 2.8)

Pressure loss coefficient (based on the mean pipe velocity):

. ]
= ="']‘m';'D_
h

([1] diagram 2.8)

Equivalent relative roughness (turbulent regime - Re > 4000):
Colebrook-White equation

([1] diagram 2.4)
where A is calculated by solving the equation.

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

2/ =1k =1k 2/ =
~ delta/Dh = 0.0004 dolta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0006 —— dekta/Dh =001 delta’Dh = 0.02
deltaDh=003 —— dedta/Dh =005

0.1 o
000
oos

007 5, e
006

00s

004
0035
003

0025

Lambda

002
0018
0016
0014

o002

0014
0009
0008
0007

0005

Re

Equivalent absolute roughness (m):

A=A-D,

Total pressure loss (Pa):
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([1] diagram 2.8)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aP.-Q

Symbols, Definitions, SI Units:
ao Cross-section base (m)
h Cross-section height(m)

BUOOICDTO0T00) Top angle (°)

Dn Hydraulic diameter (m)
Fo Cross-sectional area (m?)
Q Volume flow rate (m?/s)
Wo Mean velocity (m/s)

G Mass flow rate (kg/s)

I Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

knon-c  Correction for Darcy friction factor for noncircular cross-section ()

Acirc Darcy friction factor for circular cross-section ()

Mtria Darcy friction factor for triangular cross-section ()

¢ Pressure loss coefficient (based on the mean pipe velocity) ()
A Equivalent relative roughness of walls ()

A Equivalent absolute roughness of walls (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
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Wh Hydraulic power loss (W)

p Fluid density (kg/m?)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e turbulent flow regime (4-10° < Re < 108)
e Darcy friction factor for circular cross-section Acirc < 0.1

e stabilized flow

Example of input data and results:

Knematic Viscosty :  +  LOOJMOEQS mifs

(®) Dersity : Oomvee. O kv,

ﬁHy&auCakZOl%-lSua&ngMangMcms-secﬁonwiﬂneplkiD«qlnﬂio«fm~DElGK(3¢d(d.)I - X
File Edt Pref 3 <ulati Database T
> LM
=T
Fud: (Water © 10tm 0] =t
Ref.: LAPWS IF97
Temperature : 1 2
Pressure : P 1013 ber
Density : 0 sioo5t fow Ml TR T A T
m DmamicViscosty: 1 0,00100158 N.gm?

1010
1000 m AP
Presareloss | 0.01171082 | bar
@. %0 A 0.1196 m of fud
Complementary resdts
1 iu Desgnaton Symbol Vahse Unit
] L1 CRPANY MUTTRR AN ¥ NN S - BB -
! : 4 Ar RES ENA S Top angle 28 % .
R b AN R PO AT R NE L Poe coss-secton ares 0 0.0025 m#
> D P N S 1O SN Internal ppe volume v 0.0025 m
S i e ) Mass of fud in the poe M 2455515 kg
o .ol A LR AP R 2 Reynokds number Re 82562.24
RIS 12 Equivalent relative roughness (Colebrook-White equation) a 0.001834969
: e SR e S e Equivalent absolute roughness A 7.600685€05 m
- - > o 152 Correction factor for trangular cross-section non< 0.9719
105720730740 4040, 10 B8 90 108 Fricton factor for trangular cross-section hine 0.0242975
4 DOy Tempeestare (C) ¥ Pressure loss per length unt 0.01175082 barjm
Pressure loss coefficent (based on the mean ppe velooty) 0.5865935

$
@ Hydrauk pomer loss wh 5855411 w
3

References:
[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.3.5 MILLER (roughness walls)
Straight Pipe

Triangular Cross-Section and Roughness Walls

(MILLER)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of triangular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

o for turbulent flow regime by the explicit Swamee-Jain equation (dependent of the value of
relative roughness), the explicit Swamee-Jain equation is a Colebrook-White equation
approximation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Top angle (°):

_.' ulr Y
g=2-tan” | — |
L 2-h)
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Hydraulic diameter (m):

D=

2-h

1+

tan®

1 —+1

] i o

Cross-section area (m?):

w

A=—-h

2

Mean velocity (m/s):

Q
U=—
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):

M=V p

Reynolds number:

Re

“U-D

1/

Laminar flow coefficient:

Cf =1(8)

([1] figure 8.7)

HydrauCalc - 2024a (www.hydraucalc.com)
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Straight pipe with triangular cross-section

Laminar flow coefficient
MILLER - Figure 8.7

51 4

cf

4% 4

20 ¥ 40 50 B0 o B S

Darcy friction factor:

B |laminar flow regime (Re < 2000):

Darcy friction factor for triangular cross-section:

_or
nz Re

([1] equation 8.7)

Darcy Friction Factor (Laminar flow)

Straight pipe with triangular cross-section (Cf = 50.0)

MILLER (roughness walls)

'mo T U Ll 1 T
10000 4 1
1000 -
100 +
E
10 4
'
014
o0r - " 4 " "
10° 1w’ 10° 10' 19° 10 10
Re

([1] equation 8.7with Cf = B0)
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B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Darcy friction factor for circular cross-section:

Swamee-Jain equation (Colebrook-White equation approximation)

0.25
f:': - =
| log oo 5740
| L3770 Re™ ] :
- ¢ ([1] equation 8.4)

Reynolds number corresponding to the beginning of complete furbulence:

Re" 960
‘D .
([2] diagram 2.4)
Transition region
Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
MILLER (roughness walls)
—— KD = TE06 KO =1E05 —— KO =0.0001 WO =0.0004
KD = 0.0008 K0 = 0.002 KD = 0.006 K0 =001
kD =002 kD =004
Ooir‘.'? YT T T T
008
oor
0.06
005
004
0035
00y
o
= 0025
<
002
0018
0016
0o
0012
0014
0009
0008
0007
0006 dob

Re

Complete turbulence region
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Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes

MILLER (roughness walls)

e KD = 1E-0b KD =1ED05 —— KD =0.0001 KO =00004
kD = 0.0008 k0D = 0002 kD = 0.006 KD =001
kD =002 kD =004
01 T T T T
009
008
007
0.06
0.05
004
1 ' N
0035 o
003 \% 4
=
= 0028
&
002
0018
0016 s b
0014
0012 — |
0014
0009
0008 -
0007
0005 Lt - . -
10’ 1 0 10 19 10*
Re

Darcy friction factor for triangular cross-section:

fo="f

na arc

W critical flow regime (2000 < Re < 4000):

Darcy friction factor for circular cross-section:

cubic interpolation
fo. =(X1+R-(X2+R-(X3+ X4)))

cire

with:

(3D

R- Re

2000
X1=T7-FA-FB
X2=0128-17-FA+25-FB
X3=-0128+13-FA-2.FB
X4=R-(0.032-3-FA+0.5-FB)

FA= Y32
o a5 0.00514215)
Y2¥3
k 574
Y2=37 D0 R
Y3 =-0.86850.In| K _ 4 214
\3.7-D " 4000°¢ )
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Darcy Friction Factor (Critical region)
Circular cross-gection pipes
MILLER (roughness walls)

WD = 0.01

KD = 0,006

KD = 0,0008 kD = 0,002
kD = 0.02 WD = 0.04

ooa

aor 4+ . 4

008 1 4

ons 4+ T B

felre

B 4

003 +

002

1000 2000 1000 4000 5000 BOOD 1000
Re

Darcy friction factor for triangular cross-section:

fro=f

GE] ainz

Friction pressure loss coefficient:

Kf = fm’; i £
D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
K=K,

Total pressure loss (Pa):

p-U*

AP =K.

([1] equation 8.1b)

Total head loss of fluid (m):
UZ
2-g

AH =K

([1] equation 8.1a)

Hydraulic power loss (W):
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Wh=aP-0

Symbols, Definitions, SI Units:
w Cross-section base (m)
h Cross-section height(m)

O COI0T0000 Top angle (°)

D Hydraulic diameter (m)
A Cross-section area (m?)
Q Volume flow rate (m?/s)
V) Mean velocity (m/s)

m Mass flow rate (kg/s)

L Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

Cf Laminar flow coefficient ()

k Absolute roughness of walls (m)

feirc Darcy friction factor for circular cross-section ()

Re"im  Reynolds number corresponding to the beginning of complete turbulence ()

Firia Darcy friction factor for triangular cross-section ()

K¢ Friction pressure loss coefficient ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

p Fluid density (kg/m?)
\Y% Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
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Validity range:

e any flow regime: laminar, critical and turbulent (Re < 108)
e relative roughness k/D < 0.05
e stabilized flow

Example of application:

Fuad char scternacs
Flid: (Water © 1atm IC] bt |
Ref.: LAPWS 197

e [

Pressure : P 1013 ber

Density : ¢ 90,2061 hgim?
Dynamic Viscosity : 1 0,00300159 N.gjm?
Y B DL e R

(8 HydrauCalc 2019b - {Straight pipe triangular cross-section and roughness walls - MILLER (2nd Ed.)] - X
File Ede P e Database T

3 ! - o B

o A o1 2 D

(®) Denaity -V‘Oow-n- O . Vec.

m’ . . - . . .
o | Uy R YL S A P AP
PR remaeion 655557 | be
‘ o D) A AH 0,097 m of Aid
~ N » . » N » - »
%m 1 PR SR
w Liiduiid
8 Dlegr Pressure loss coefficient (based on the mean ppe velocty)
i Hydraulc power loss
References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
[2] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
[3] Dunlop (1991)
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2.1.3.6 MILLER (explicit Darcy friction factor)

Model description:

of triangular and constant cross-section.

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe

In addition, the flow is assumed fully developed and stabilized.

the Darcy formula.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with

In this model Darcy friction factor is filled explicitly.

Model formulation:

Top angle (°):

L ulr Y
g=2-tan” | — |
2-h)

Hydraulic diameter (m):
D=

2-h
1+ 1

—+1
tan?

M| T

Cross-section area (m?):

A=Y p
2
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Mean velocity (m/s):

Q
U==
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):
M=V p

Reynolds number:

“U-D
-

Re

Darcy friction factor for triangular cross-section:
f:'.l:s = Fr::\":

Friction pressure loss coefficient:

Kf = f—'l::‘ £
D

([1] equation 8.3)

Total pressure loss coefficient (based on the mean pipe velocity):
K=K,

Equivalent absolute roughness for circular cross-section pipe (turbulent regime - Re > 4000):
Swamee-Jain equation (Colebrook-White equation approximation)
0.25
-
| TL3.7-D Re” /]

o=

([1] equation 8.4)
where k is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
MILLER (roughness walls)

= 1k- — KD = o
kD = 0.0008 K0 = 0.002
kD =002 kD =004

T ™ T g ey : w—

0008
0007
e 10’ 1'.:‘ n;’ 10 1:;" 10’
Re
Total pressure loss (Pa):
ap-k 2Y
([1] equation 8.1b)

Total head loss of fluid (m):

UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP-Q

Symbols, Definitions, SI Units:

O L0000 Top angle (%)
Cross-section base (m)
Cross-section height(m)
Hydraulic diameter (m)
Cross-section area (m?)

Volume flow rate (m3/s)

3 o >» o > =

Mass flow rate (kg/s)
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Re
feirc
Fria
Kt

AP
AH
Wh
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Mean velocity (m/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Darcy friction factor for circular cross-section ()
Darcy friction factor for triangular cross-section ()
Friction pressure loss coefficient ()

Total pressure loss coefficient (based on the mean pipe velocity) ()
Equivalent absolute roughness of walls (m)

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (4-10° < Re < 108)

e Darcy friction factor for circular cross-section feirc < 0.1

e stabilized flow

Example of application:
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HydrauCalc 2019b - {Straight pipe trisngular cross-section with explicit Darcy friction factor - MILLER (2nd Ed.))

Datab 00 Help

Hie Edt  Preferences Cakuld thod Datadbase Tocks Help
-8k
EAME
Fud: Woter © 10t ) 5 [ neo | [Ccsiaiate ]
Ref.: LAPWS 1F97
w1 [m|x
Pressre: P 1013 ber
Density : o 982061 kg
Dynamic Viscosity : o 0.00300158 N.gjm?
@oeraty Oomvx. O wn v
[T NSNS SRS IR b S ———
) R R e ~ WP
3 presare os b
PN s AH 0.1231m of fud
: Dessgnatin Symbol Vol unit
Hydrauic dumetes o oonem%  m
i Top angle 8 %0 .
3 Ppe goss-secton area A 0.0025 . it
iy Internal ppe volume v 0.0025 L
% Mass of fud n the poe M 2455515 5
N AL~ v 2 ” ma . .
12 Equivalent relstive roughness (Swamee-Jan equatien) W 0.001748372
Equivalent absdlute roughress k 72P9EDS m
0 . _ Presarclossperlengthont _ 0.01204941 barjm
10 20 0 & 0 0 N .._g(ﬁ Pressure loss coeficent m -~ ﬁh"M!‘ “' 0 X% 0.6035534 v
O kegr Tempeestare (') B2 Hydraukc power loss wh 6.024705 w

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
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2.1.4 Straight pipe - Annular cross-section
Straight Pipe

Annular Cross-section

:_::I I|I| ™, —

To calculate the pressure losses by friction in straight pipes, Darcy Weisbach's equation is used.

For the calculation of the friction factor, the user can choose from one of the 4 available
relationships, depending on the roughness of the inner walls:

e Homogeneous roughness piping (uniform roughness - pipe used by Nikuradse for its
experimental data) - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

¢ Heterogeneous roughness piping (industrial type piping) - Handbook of Hydraulic Resistance,
3rd Edition, I.E. Idelchik

e Pipes with smooth walls - Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Pipes with roughness walls - Internal Flow System, 2nd Edition, D.S. Miller

It is also possible to explicitly specify the value of the friction factor. This is available in case you
are looking for results with another formulation of the friction factor (Haaland equation for
example). The friction factor is available for the following references:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is "Pipes
with nonuniform roughness"

Calculation method
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[DELCHIK (3rd Ed.) Uniform roughness walls
IDELCHIK (3rd Ed.) Menuniform roughness walls
IDELCHIK (3rd Ed.) Smooth walls
IDELCHIK (3rd Ed.) Explicit Darcy friction factor
MILLER (2nd Ed.) Roughness walls
MILLER (2nd Ed.} Explicit Darcy friction factor
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2.1.4.1 IDELCHIK (uniform roughness walls)
Straight Pipe

Annular Cross-Section and Uniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed uniform (pipe used by
Nikuradse for its experimental data).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative

roughness),

e for turbulent flow regime by the Nikuradse equation (dependent of the value of relative
roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D, =D0,-d
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Cross-section area (m?):

Fo=m

D, —d*

A

Mean velocity (m/s):

W, = Q
"R
Mass flow rate (kg/s):
G=Q-p

Fluid volume in the pipe (m?):

V=F,-

/

Fluid mass in the pipe (kg):

M=V .p

Reynolds number:

Re

— W: 'DJ

i

Relative roughness:

— A
A=—
D,

Relative eccentricity:

e=

2-e
D, —d

Darcy friction factor for circular cross-section:

B |laminar flow regime (Re < 2000):

Hagen-Poisedille law

f'ﬂ"‘_‘ =

64
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
100000

10000 3 B
b
1000 T

100 +

Lambda
/S

S
=
wt
/
il

c
2
o | Srw |
/
/
S
k. ™ ]

o
o

=
° 3
=)

B turbulent flow regime - transition region and complete turbulence region (Re > 4000):
Nikuradse equation

1
[a. +h -log(Re-fi)+c. -IGQ{E]T

_.; —

fmire T

([1] diagram 2.2)
where the values of a1, b1 and c1 are given below:

A-Re {7 a; b, 1
3.6-10 -0.800 2.000 0.000
10 - 20 0.068 1.130 -0.870
20 - 40 1.538 0.000 -2.000
40-191.2 2.471 -0.588 -2.588
>191.2 1138 0.000 -2.000

Reynolds number at which pipe cease to be hydraulically smooth:

26.9

A

Re' =

([1] §2.17)

Reynolds number corresponding to the beginning of complete furbulence:

_217.6-382.4-log(3)
A

Reu ~

([1] diagram 2.2)
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Transition region

Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

—— deWalDh = TE06 —— deMaDh = TE05 —— Mh=0ﬂ'm]

e delta/Dh = 0.0004 dolta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0,006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04

o‘ T v T L] T

000 4 ]

008

007

006
005

004
0035
003

0025

Lambda

002
0018
0016
oo
0012

0014
0009
0008
0007
0005 b}

Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

—— deWaDh = TEO6 —— deRalDh = IE05 —— Mh=0mﬂ]

e delta/Dh = 0.0004 delta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
delta/Dh = 0.04

0.1y T T T T

oo

008

0.07

006
005

004
0035
003

0025

Lambda

002 . :
0018 S -
0016 \\\ e ——
oo et 3

0012 NG
0014 ' oy o
0009 :

0008
0007

4 4 " 4
0005 dof - v -

3

Re

B critical flow regime (2000 < Re < 4000):

linear interpolation
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P 1- Re-2000 E+ . [Re=2000
e 2000 ) T L 2000 !/
with:
A = laminar friction coefficient obtained with Re = 2000
At = turbulent friction coefficient obtained with Re = 4000
Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK [uniform roughness walls)
—— deRalUh= JE-IE —— deltalDh = TE05 —— daum'Dh=uﬂ'Eﬂ'I"
dalta’Dh = 0,0004 deltaDh = 0,0008 delta’Dh = 0,002
delta’Dh = 0.006 —— deltaDh = 0.01 delta’Dh = 0.02
deltailh = 0.04
0.68
oar 4 E
006 4 4
=
'E 0% 4 -~
3
nos 4 .,__ -
1 \_// ]
0.02

200 4000

m all flow regimes:

Lambda

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (uniform roughness walls)

e dela/Dh = 0.0001

Re'lim

- delta/Dh = 0.002 delta/Dh = 0.006

—— deRaDh = TEO6 —— dela/Dh = 1E-
deMta/Dh = 0.0008
—— delta/Dh = 0.01
delta/Dh = 0.02 delta/Dh = 0.04

01

e doMa/Dh = 0.0004

oos
007

006
005

004
0035
003

0025

002
0018
0016
004

o002

0014
0009
0008
0007

0005

T T T

e S

Re
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Correction for Darcy friction factor for annular cross-section:
B |aminar flow (Re < 2000):

k, = (d/D,)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-7

18 T T S
///_
//'
14 & d
X
/
13 4
-
-
= {
12
1"
10 # " 4 J “[ ' e ' }
00 ot 02 03 04 0S5 06 07 os 0s 10
d/0o

B turbulent flow (Re > 2000):
k.. =f(d/D, Re)]

([1] diagram 2.7)
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Straight pipe with annular cross-section
Correction factor for annular cross-section (Re > 2000)
IDELCHIK - Diagram 2-7

—— Re=10000 —— Re=50000 —— Re=10
— Re = 500000 Re = 1000000 Re = 5000000
Re = 1E+07
‘07 T T L L L T T L4 L]

o —

106 4- _,,ﬂ-f“.-' 4
— o _’_,,,--‘_—’_—‘

//-" & _/ -Slg _—

- g—_ em—
105 4- - s © T T
-~ = S g
> /// - -
C
104 4 /~ A A -
¥ E
- p, ¥
§ 75
103 4- /. /,/', A o
102 4= 4
100 L N/ - - - R
100 + 4 $ 4 4 4 ¢ $ 4
00 01 02 03 04 05 06 07 08 09 10
d/D0

Correction for Darcy friction factor for axis eccentricity:
B laminar flow (Re < 2000):

B =f(d/D,)

([1] diagram 2.7)

Stralght pipe with annular eross-section
Correction factor for eccentricity (Re <= 2000)
IDELCHIK - Diagram 2-T7

B turbulent flow (Re > 2000):
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k', =fled/D,)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for eccentricity (Re > 2000)
IDELCHIK - Diagram 2-7

| d'D0 <= 050 dD0>=070]
R T
O s 5281
‘_\\\\\
2
\'\
09 + . S
N 1
By
3 e 4
x S
\\
08 + . Ear V¢
Y
0 4 i 4 4 I i I
00 01 03 04 05 06 08 08 10
@

Darcy friction factor for annular cross-section:
B |aminar flow (Re < 2000):

"f-'a.'?.r:u = ’E':ur: ) k'r : B

® turbulent flow (Re > 2000):

2 2 1
Aopny = o - kz.r -K ell

Total correction for Darcy friction factor for noncircular cross-section:
B [aminar flow (Re < 2000):
K...=kK, B

([1] diagram 2.7)
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Total pressure loss (Pa):

AP =

}9'“":2
2

([1] diagram 2.7)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aFP.-Q

Symbols, Definitions, SI Units:

Do
d

Dn
Fo
Q

Wo

7\«cir‘c
Re'jim
Re"jim

Klr

Annulus outer diameter (m)

Annulus inner diameter (m)

Hydraulic diameter (m)

Cross-sectional area (m?)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Pipe length (m)

Fluid volume in the pipe (m?)

Fluid mass in the pipe (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Pipes eccentricity (m)

Relative eccentricity ()

Darcy friction factor for circular cross-section ()
Limiting Reynolds number for hydraulically smooth law ()
Limiting Reynolds number for quadratic law ()

Correction for noncircular cross-section (laminar regime) ()
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Kar Correction for noncircular cross-section (turbulent regime) ()
Bi Correction for eccentricity (laminar regime) ()
Ken Correction for eccentricity (turbulent regime) ()

Aannu Darcy friction factor for annular cross-section ()

knon-e  Correction for Darcy friction factor for noncircular cross-section ()
d Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e any flow regime: laminar, critical and turbulent (Re < 10%)
note: for Reynolds number lower than 10* or greater than 107, the correction factor 'k2r' is
extrapolated

o relative roughness A <0.05

o stabilized flow

Example of input data and results:
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HydrauCalc 2019b - {Straight pipe annular cross-section and uniform roughness walls - IDELCHIK (3rd Ed.))

Fud:  Water © 18t P
Ref.: LAPWS F97

e

Pressure : P 1013 ber

[ ¥93.2061  hgin?
Dynamic Viscosity : 1 0,0010015% N.gjm?

(®) Deraity Omi-;— ‘-Om.w-:-

remsetos [ 90160424 | b

M 0.1720 m of fusd

Symbol Unit
Hydr aubc dameter oh m
Anrukus cross-section area Fo 0.002422545 m*
Arruius volume v 0.002422545 m
Mass of fud in the anruks M 2518099 kg
Dameters rato 400 06120068
Relative roughness 3 0.0003676471
Relatve eccentriaty & 0
Reynoids number Re 55945.25

122 Fricton factor for craular ross-secton ; hzex 002038022

12 Commection factor for annular cross-secton (Deg 2-7) 53 1.05737%6

52 Carrection factor for eccentricity (g 2-7) Kel 1
Pressure loss per length unt 0.01634124 barjs
Pressure loss coefficent (based on the mean ppe veloaty) £ 0.7921135
ek powes oss

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.4.2 IDELCHIK (nonuniform roughness walls)
Straight Pipe

Annular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The roughness of the inner walls of the pipe is supposed honuniform (commercial

pipe).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

o for turbulent flow regime by the implicit Colebrook-White equation (dependent of the value of
relative roughness),

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D, =D0,-d
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Cross-section area (m?):

Fo=m

D, —d*

A

Mean velocity (m/s):

W, = Q
"R
Mass flow rate (kg/s):
G=Q-p

Fluid volume in the pipe (m?):

V=F,-

/

Fluid mass in the pipe (kg):

M=V .p

Reynolds number:

Re

— W: 'DJ

i

Relative roughness:

— A
A=—
D,

Relative eccentricity:

e=

2-e
D, —d

Darcy friction factor for circular cross-section:

B |laminar flow regime (Re < Reo):

Hagen-Poisedille law

f'ﬂ"‘_‘ =

64
Re

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

100000

10000 -

Lambda

T

o 2

T

T T

10

Re

B turbulent flow regime - transition region and complete furbulence region (Re > Rez):

Colebrook-White equation

oire

1

2 Iag.—\/_

2.91

gl

([1] diagram 2.4)

Reynolds number at which pipe cease to be hydraulically smooth:

Re' =—

15

A

([1] §2.23)

Reynolds number corresponding to the beginning of complete turbulence:

A

([1] diagram 2.4)

Transition region
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Darcy Friction Factor (Turbulent-transition flow)

Circular cross-section pipes

IDELCHIK (nonuniform roughness walls)

2/ = J— =1k
e delta/Dh = 0.0004 dekta/Dh = 0.0008

deha/Oh = 0.002

delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05
o’ ¥ v T v T
oo :
008

007
006
00s

004
0035
o 003
3
= 0025
L)
-l 002
0018
0016
004
0012
0014
0009
0008
0007
0006
Complete turbulence region
Darcy friction factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
 deMaDh=00004 —— dexa/Dh=00008 — deha/Dh = 0,002
deltaDh = 0006 —— deka/Dh = 0.01 delta/Dh = 0.02
. deaDh=003 —— dea/Dh=005
10 T T M T
\/!/\"' -
]
©
o <
£ 5 > ——
© "
- NG ~— tas
— 4
‘0‘2 RS : .
R~
-+ : ; : :
10° 10* 10° 10° 107 10°
Re

B critical flow regime (Reo < Re < Rez):

/.. =f(Re,A)

([1] diagram 2.3)

Reynolds number of start of critical zone:
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i A
Re, = 754 exp| 0.0065

]
LA )

([1] §2.21)

Reynolds number at end of critical zone:

0.0635

Re, =200/ - |
WA

([1]1 §2.22)

Darcy Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— doWaDh = TEO6 —— deRa/Oh = TE-05 —— delia/Dh = 0.0007
e dela/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta’Dh = 0.02
delaDh=003 —— delta/Dh =0.05
01 \ L) L T T v T
\
\
009 4.\ : 3
\\
oos 1 \ b ]
\
oor + 3
~
°
'g 006 < . ’ -
~
- —
005 4 AT . 3
o0 F =5
003 +
002 u $ 4 4 $ $
500 1000 1500 2000 2500 3000 3500 4o0¢
Re

® all flow regimes:
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

2 =
dedta/Dh = 0.002

a' = —_— = - R
e deita/Dh = 0.0004 deta/Dh = 0.0008
delta/Dh = 0006 —— delta/Dh=0.01 dedta’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05
o' ¥ Al T L
0o ;
oos

007
006

005

004

0035
003

0025

Lambda

002
0018
0016

oo
oo

0014
0009
0008
0007
0008

B laminar flow (Re < 2000):
k, =1 (d/D;)

([1] diagram 2.7)

Straight pipe with annular cross-section

Correction factor for annular cross-section (Re <= 2000)

IDELCHIK - Diagram 2-7

Correction for Darcy friction factor for annular cross-section:

T T T T T

k1r

-

o
.
-+
.
4+
R
<+

-

00 01 02 03 04 0s 08 07

m turbulent flow (Re > 2000):

0s



HydrauCalc - 2024a (www.hydraucalc.com)

k, =f

(d/D,.Re)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section (Re > 2000)
IDELCHIK - Diagram 2-7

—— Re = 10000 —— Re=50000 —— Re=100
— Re = 500000 Re = 1000000 Re = 5000000
Re = 1E+07
107 T T T L T T T T L}
106 4- __,,-»—"".—F- .
i IR,
—r b __-/--F—— D
105 4 (5 S o s t 3
10¢ L sz ]
& $
~
3
103 4 A .
"
102 4 / /" / g
/0
Wi
1o L J .
100 + + + 4 + + + + 4
00 01 02 03 04 05 05 07 08 09 10
d/00

Correction for Darcy friction factor for axis eccentricity

® |[aminar

flow (Re < 2000):

B =1l

dfD; )

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for eccentricity (Re <= 2000)
IDELCHIK - Diagram 2-T
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B turbulent flow (Re > 2000):
k', =fled/D,)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for eccentricity (Re > 2000)
IDELCHIK - Diagram 2-7

K'ell
/

Darcy friction factor for annular cross-section:
B |aminar flow (Re < 2000):
Ay = Ao Ky - B,

“almn s

® turbulent flow (Re > 2000):

2 ¢ 1
Aapny = o k.':.r -K &l

Total correction for Darcy friction factor for noncircular cross-section:
B |aminar flow (Re < 2000):
k =k, -B,

m turbulent flow (Re > 2000):
k =k, k'

11

Pressure loss coefficient (based on the mean pipe velocity):
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([1] diagram 2.7)

Total pressure loss (Pa):

AP=C-

powy
2

([1] diagram 2.7)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=AP.0Q

Symbols, Definitions, SI Units:

Do
d

Dn
Fo
Q

Wo

xcirc

Reo

Annulus outer diameter (m)
Annulus inner diameter (m)
Hydraulic diameter (m)
Cross-sectional area (m?)
Volume flow rate (m?/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Pipe length (m)

Fluid volume in the pipe (m?)
Fluid mass in the pipe (kg)
Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()
Pipes eccentricity (m)

Relative eccentricity ()

Darcy friction factor for circular cross-section ()

Reynolds number of start of critical zone ()
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Re: Reynolds number at end of critical zone ()

Re'im  Limiting Reynolds number for hydraulically smooth law ()

Re"im  Limiting Reynolds number for quadratic law ()

Kir Correction for noncircular cross-section (laminar regime) ()
Kar Correction for noncircular cross-section (turbulent regime) ()
Bi Correction for eccentricity (laminar regime) ()

Ken Correction for eccentricity (turbulent regime) ()

Aannu Darcy friction factor for annular cross-section ()

knon-c  Correction for Darcy friction factor for noncircular cross-section ()
¢ Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)
% Fluid kinematic viscosity (m?/s)
g9 Gravitational acceleration (m/s?)

Validity range:

 any flow regime: laminar, critical and turbulent (Re < 10%)
note: for Reynolds number lower than 10* or greater than 107, the correction factor 'k2r' is
extrapolated

o relative roughness A <0.05

o stabilized flow

Example of input data and results:
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HydrauCalc 2019b - {Straight pipe annular cross-section and nonuniform roughness walls - IDELCHIK (3ed Ed))

Fud:  Water © 18t P
Ref.: LAPWS F97

e

Pressure : P 1013 ber

[ ¥93.2061  hgin?
Dynamic Viscosity : 1 0,0010015% N.gjm?

(®) Deraity Omi-;— ‘-Om.w-:-

premse o [ G015 | b

A 0.1832m of fuud

Symbol Unit
Hydraubc dasweter oh m
Anrukus cross-section area Fo 0.002422545 m*
Anrwius volume v 0.002422545 m
Mass of fud in the anruks M 2518099 kg
Dameters rato 400 06120068
Relative roughness a 0.0003676471
Relative eccentriaty - 0
Reynoids number Re 55945.25

22 Fricton fisctor for croular cosssection A s 002170587

12 Commection factor for annular cross-secton (Deg 2-7) i 1.05737%6

52 Carrection factor for eccentricity (g 2-7) Kel 1
Pressure loss per length unt 0.01793569 barjs
Pressure loss coefficent (based 0n the mean ppe velooty) F < 0,8435373
Hydrauk powes loss wh

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)

182



HydrauCalc - 2024a (www.hydraucalc.com)

2.1.4.3 IDELCHIK (smooth walls)
Straight Pipe

Annular Cross-Section and Smooth Walls

(IDELCHIK)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula. The inner wall of the piping is supposed to completely smooth (without roughness).

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille,

e for turbulent flow regime by the explicit Filonenko and Althsul equation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

183



HydrauCalc - 2024a (www.hydraucalc.com)

W.= E
T F
Mass flow rate (kg/s):
G=Q-p

Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V .p

Reynolds number:
W: ) 'DIJ:

i

Re =

Relative roughness:

- A
A=—
D

h

Relative eccentricity:
2-e
D, —d

e=

Darcy friction factor for circular cross-section:
B |aminar flow regime (Re < 2000):
Hagen-Poisedille law

_b4
" Re

A el

([1] diagram 2.1)
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Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (smooth walls)
100000 T T v v T

10000 4 B

1000 -1r \

w 100 4 1
-
2
E
b

Wy 1

't 1

o1 4 . : \ 1

o0 : : . . :
10 10 10° 1 19 10° 10
Re

B turbulent flow regime (Re > 4000):
Filonenko and Althsul Equation
1
[1.8-log(Re)~1.64]

([1] diagramme 2.1)

Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (smooth walls)

01y o] T T T
000
008
o0or

006

005

0.04
0035
003

0025

Lambda

002
o018
0016
004
0012

0014
0009
0008
0007

0006

RS
=

Re

B critical flow regime (2000 < Re < 4000):
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interpolation between laminar and turbulent flows

A =f(Re) .
- ([1] diagram 2.1)
Darey Friction Factor (Critical region)
Circular cross-section pipes
IDELCHIK [smooth walls)
050
045 o+ -
/O

L.
-
'E o040 . . . . e
=1
-

0035 \ II,.-"r J

v
030
! 1000 2000 3000 4000 5000 6000 8000 1000

® all flow regimes:

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (smooth walls)

T T T T T

01

008
oor
006

0.05

004 N\
0035

002 \
0018 -
0016 \

0014

Lambda
o
S

0012

0014 . . 2
0009
0008

0007

0.006 =

Re

Correction for Darcy friction factor for annular cross-section:

B |aminar flow (Re < 2000):
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K, =F(dfD;)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-7

12 R
114 4
10 J U 4 $ y $ $ U 3
00 01 02 03 04 0s 06 07 08 08 10
d/Do

® turbulent flow (Re > 2000):
k.. =f(d/D, Re)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section (Re > 2000)
IDELCHIK - Diagram 2-7

—— Re=10000 —— Re=50000 —— Re=10
—— Re = 500000 Re = 1000000 Re = 5000000
Re = 1E+07
'07 T T L L) L T T L L] ]
_’____,—.“1
106 4 ‘/,,f~“’7~’ ]
= et
- _/ B s
108 4 R e T e ]
=2 // _,r"“’ =g
PR o g O e
- _/’ g T
104 L ",_// g ]
- 4 e
S /// '/’ 4
103 4 // //"',,' ; .
L/ S
102 g "/

4 / /: -
100 4 /_“‘» -
100 + 4 + 4 4 4 4 ¢ 4

00 01 02 03 04 05 05 07 08 09 10
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Correction for Darcy friction factor for axis eccentricity:

B |aminar flow (Re < 2000):
B =f(d/D,)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for eccentricity (Re <= 2000)
IDELCHIK - Diagram 2-T

UL =

B1

[T S .

02 4 . : ' . . 4

B N } - 4 } b i }
(1] 01 [} 03 04 (-3 oE ar o8 o9 12

® turbulent flow (Re > 2000):
k Ie.'.' = f | éd}‘(ﬂ: |

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for eccentricity (Re > 2000)
IDELCHIK - Diagram 2-7

K'ell

188



Darcy friction factor for annular cross-section:
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B |aminar flow (Re < 2000):

i

f-'s ) = /-'91": . k' -B,

® turbulent flow (Re > 2000):

A

-=.-:~.r:-_- = f-:w; - k;_.. K

sl

Total correction for Darcy friction factor for noncircular cross-section:
B |aminar flow (Re < 2000):

k

e =k, B,

® turbulent flow (Re > 2000):

k. =k, k'

Pressure loss coefficient (based on the mean pipe velocity):

Total pressure loss (Pa):

2

AP =B We

([1] diagram 2.7)

([1] diagram 2.7)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aP.Q

Symbols, Definitions, SI Units:

Do Annulus outer diameter (m)

d Annulus inner diameter (m)
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Dn Hydraulic diameter (m)
Fo Cross-sectional area (m?)
Q Volume flow rate (m3/s)
Wo Mean velocity (m/s)

G Mass flow rate (kg/s)

I Pipe length (m)
Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)

Re Reynolds number ()
e Pipes eccentricity (m)
e Relative eccentricity ()

Acirc Darcy friction factor for circular cross-section ()

Kir Correction for noncircular cross-section (laminar regime) ()
Kar Correction for noncircular cross-section (turbulent regime) ()
Bi Correction for eccentricity (laminar regime) ()

Ken Correction for eccentricity (turbulent regime) ()

Aannu Darcy friction factor for annular cross-section ()

knone  Correction for Darcy friction factor for noncircular cross-section ()
¢ Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar, critical and turbulent (Re < 108)
note: for Reynolds number lower than 10* or greater than 107, the correction factor 'k2r' is
extrapolated
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e stabilized flow

Example of input data and results:

HydrauCalc 2019b - {Straight pipe annular cross-section and smocth walls - IDELCHIK (3rd £d.)} - X

Dynamic Viscosity : 1 0.0030015% N.gjm?
Knematc Viscosty : v LOOJMEQS mifs

@oesy Oomwe Omwe

remseon [ G075 | b

AH 0,170 mof fud

S 1% Correction factor for annular cross-secton (Diag 2-7)
1020 % € 0 0 T 8 % 0 122 Cormection factor for eccentricty (g 2-7)
O kegy Tomprestare () 322 Friction factor for anruar 088 secton
Pressure loss coefficent (based on the mean ppe velooty)

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.4.4 IDELCHIK (explicit Darcy friction factor)

:.: I J— | I|I! h ‘....J-
- —

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due fo the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.

Model formulation:

Hydraulic diameter (m):
D, =D,-d

Cross-section area (m?):

D —d*

Fo=m
’ 4

Mean velocity (m/s):

W, = E
" F
Mass flow rate (kg/s):
G=0Q-p
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Fluid volume in the pipe (m?):
V=F-I

Fluid mass in the pipe (kg):
M=V .p

Reynolds number:

_wy-Dy
=—

Re

Correction for Darcy friction factor for annular cross-section:

k,, =f1d/D;Re)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section (Re > 2000)
IDELCHIK - Diagram 2-7

—— Re=10000 —— Re=5 —— Re=
—— Re = 500000 Re = 1000000 Re = 5000000
Re = 1E+07
‘07 T T L] T L} T T L] L]
106 4-
105 4
106 4
-
o~
- / [/
103 4 5%
y""l
102 4 /" 4
1
v/
4/
100 1 44/
100 + + 4 4 4 4 + ¢ 4
00 01 02 03 04 05 06 07 08 09 10

Correction for Darcy friction factor for axis eccentricity:

k', =fled/D,)

([1] diagram 2.7)
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Straight pipe with annular cross-section
Correction factor for eccentricity (Re > 2000)
IDELCHIK - Diagram 2-7

09 4+ . S -

k'ell
/

¥ ' ' T t ' T
oo 01 02 03 04 05 06 07 og 0s 10

Darcy friction factor for annular cross-section:

/-'a.rr.rru = /-':sr: ) kz r’ k Is.l.l

Total correction for Darcy friction factor for noncircular cross-section:

k. . =k, k'

ell

Pressure loss coefficient (based on the mean pipe velocity):

-1 ([1] diagram 2.7)

Equivalent relative roughness (turbulent regime - Re > 4000):
Colebrook-White equation

. 1
A =

pelin r -z

251 E';‘
]

12-log —See+ —
| \Re-.[i. 37

cIre

- - ([1] diagram 2.4)
where A is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a = = o
e dela/Dh = 0.0004 delta/Dh = 0.0008
delta/Dh = 0.006 —— delta/Dh=0.01

deltaDh=003 —— delta/Dh=0.05

2/ =
delta/Dh = 0.002
delta/Dh = 0.02

01 Al T L
000
008
007
006

005

004

0.1

0035
003

0025

Lambda

002
0018
0016
0014
0012
0014
0009
0008
0007
0005 Ao}

Equivalent absolute roughness (m):

A=A-D,

Total pressure loss (Pa):

) - ﬁ"w-:lz
AP=0.——2
) 2

([1] diagram 2.7)

Total head loss of fluid (m):

w,o
2-g

AH =7

Hydraulic power loss (W):
Wh=aP.-Q

Symbols, Definitions, SI Units:

Do Annulus outer diameter (m)
d Annulus inner diameter (m)
Dn Hydraulic diameter (m)

Fo Cross-sectional area (m?)
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Q Volume flow rate (m3/s)
Wo Mean velocity (m/s)
G Mass flow rate (kg/s)

I Pipe length (m)
Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)

Re Reynolds number ()

A Equivalent absolute roughness of walls (m)
A Equivalent relative roughness of walls ()

e Pipes eccentricity (m)

e Relative eccentricity ()

Acirc Darcy friction factor for circular cross-section ()

Kar Correction for noncircular cross-section (turbulent regime) ()

Ken Correction for eccentricity (turbulent regime) ()

Aannu Darcy friction factor for annular cross-section ()

knon-c  Correction for Darcy friction factor for noncircular cross-section ()
d Pressure loss coefficient (based on the mean pipe velocity) ()

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)
\Y% Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (4-10° < Re < 108)
note: for Reynolds number lower than 10* or greater than 107, the correction factor 'k2r' is
extrapolated

e Darcy friction factor for circular cross-section Acirc < 0.1

e stabilized flow
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Example of input data and results:

(s HydrauCalc 2019b - {Straight pipe annular cross-section with explicit Darcy frction factor - IDELCHIK (3¢d Ed.)] - X

Ref.: LAPWS 1P97

e

Pressure : P 1013 ber

Density = o ¥90.2061  hgim?
Dynamic Viscosity : o 0.0030015% N.gjm?

@M Ow-.wx. O ¥in. Ve,
1010

remae s | 502005 | b

AH 0.2110mof fud

2 Correction factor for annular cross-section (Dag 2-7)
52 Carrection factor for eccentricity (g 2-7)
Fricton facter for arvdar cross-section

Pressure loss per length unt
Pressure loss coefficient (based on the mean ppe veloaty)
Hydraule power loss

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
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2.1.4.5 MILLER (roughness walls)
Straight Pipe

Annular Cross-Section and Roughness Walls

(MILLER)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

Darcy friction factor is determined:

e for laminar flow regime by the law of Hagen-Poisedille (independent of the value of relative
roughness),

e for turbulent flow regime by the explicit Swamee-Jain equation (dependent of the value of
relative roughness), the explicit Swamee-Jain equation is a Colebrook-White equation
approximation,

e for critical flow regime by interpolation between friction factors of laminar and turbulent
flow.

Model formulation:

Hydraulic diameter (m):
D=d,-d,
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Cross-section area (m?):

d,f —d
4

A=r1-

Mean velocity (m/s):

Q
U=—
A
Mass flow rate (kg/s):
m=Q-p

Fluid volume in the pipe (m?):

V=AL

Fluid mass in the pipe (kg):
M=V p

Reynolds number:

“U-D
===

Re

Laminar flow coefficient:
Cf=f(d, /d,)

([1] figure 8.8)
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Straight pipe with annular cross-section
Laminar flow coefficient
MILLER - Figure 8.8

ol 02 a3 o4 -1 06 By os L]

di/dd

Darcy friction factor:

B |laminar flow regime (Re < 2000):

Darcy friction factor for annular cross-section:

100000

([1] equation 8.7)

Darcy Friction Factor (Laminar flow)
Straight pipe with annular cross-section (Cf = 90.0)
MILLER (roughness walls)

10000

1000

100

fannu

014

oo

T T T T T

200

([1] equation 8.7with Cf = 90)
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B turbulent flow regime - transition region and complete turbulence region (Re > 4000):

Darcy friction factor for circular cross-section:

Swamee-Jain equation (Colebrook-White equation approximation)

0.25
f:': - =
| log oo 5740
| L3770 Re™ ] :
- ¢ ([1] equation 8.4)

Reynolds number corresponding to the beginning of complete furbulence:

Re" 960
7] .
([2] diagram 2.4)
Transition region
Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
MILLER (roughness walls)
—— KD = TE06 KO =1E05 —— KO =0.0001 WO =0.0004
KD = 0.0008 K0 = 0.002 KD = 0.006 K0 =001
kD =002 kD =004
Ooir‘.'? YT T T T
008
oor
0.06
005
004
0035
00y
o
= 0025
<
002
0018
0016
0o
0012
0014
0009
0008
0007
0006 dob

Re

Complete turbulence region
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Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes

MILLER (roughness walls)

—— kD = TE-0b
kD = 0.0008 kD = 0.002

kD =0.04

kD =1E-05 —— kD =0.0001
kD = 0.006

KO =00004
KD =001

kD = 0.02
01 T T

T
008
007
0.06
0.05
0 04 \

0035 F o N

\
003 \% 4

0025

feire

002
0018
0016
0014
0012
0014
0009
0008
0007
0005 4of 4 }

T

Re

Darcy friction factor for annular cross-section:

f,.,=105f

Girz

W critical flow regime (2000 < Re < 4000):

([1] equation 8.5)

Darcy friction factor for circular cross-section:

cubic interpolation

foe =(X1+R-(X2+R-(X3+ X4

cire

)

with:

(3D

R- Re

2000
X1=T7-FA-FB
X2=0128-17-FA+2.5-FB
X3=-0128+13-FA-2-FB

FA=Y3?

0.00514215)
v2.¥3
__k 574
37-D Re™

Y3 = —0.86859.1n X

FB=FA.2-

Y2

X4=R-(0.032-3-FA+0.5-FB)

a2.74

V37D

+ —
4000-° )
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Darcy Friction Factor (Critical region)
Circular cross-gsection pipes
MILLER (roughness walls)

KD = 0.0008 KD = 0.002 KD = 0,006 WD = 0.01
WD = 0.02 WD = 0.04
.08
BoT 4= . <
006 - ]
L
= pos - - ]
H I
004 4 -
303 - _‘
002
1000 2000 1000 4000 1515 ] BODD L)

Darcy friction factor for annular cross-section:
foome = 1.05-7.

ann

([1] equation 8.5)

Friction pressure loss coefficient:

Kf = il-su'.u'u.l £
D

([1] equation 8.3)

Relative eccentricity:
2-e
d— - d.:,

e=

Correction for axis eccentricity:

Cf... =f[§,d. /d,:,]

([1] figure 8.2)
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Straight pipe with annular cross-section
Correction factor for eccentricity
MILLER - Figure 8.2

—— dId0=0 —— di0 =01 —— d7/d0 =02 — d1ld0 =
d1/d0 = 0.6 di/é0 =08 d1/d0 =09
" T T v T T L4 T L4
10 B
09 4 T s ]
°
e 08 4 B
(&)
or 4 ]
06 4 ]
05 T i e ..
00 0t 02 03 04 05 06 07 08 08 10
@

Total pressure loss coefficient (based on the mean pipe velocity):

K=K, Cf...

Total pressure loss (Pa):

p-U*

AP=K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH = K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP-Q

Symbols, Definitions, SI Units:

di Annulus inner diameter (m)
do Annulus outer diameter (m)
D Hydraulic diameter (m)
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A Cross-section area (m?)

Q Volume flow rate (m3/s)

U Mean velocity (m/s)

m Mass flow rate (kg/s)

L Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

Cf Laminar flow coefficient ()

k Absolute roughness of walls (m)
feire Darcy friction factor for circular cross-section ()

Re"im  Reynolds number corresponding to the beginning of complete turbulence ()

Fannu Darcy friction factor for annular cross-section ()

K¢ Friction pressure loss coefficient ()
e Pipes eccentricity (m)
e Relative eccentricity ()

Cfece  Correction for axis eccentricity ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

% Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e any flow regime: laminar, critical and turbulent (Re < 10%)
e relative roughness k/D < 0.05
e stabilized flow
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¢ relative eccentricity < 0.9
note: for relative eccentricity greater than 0.9, the correction factor for axis eccentricity
'Cfecc' is extrapolated

Example of application:

(s HydrauCalc 2019b - {Straight pipe annular cross-section and roughness walls - MILLER (2nd £d.)] - X
File Edt  Pref < Database T
LS - 8l &
LA N7 e
Flud characteristes

Flud: | Woter © 13 b 3
Ref.: LAPWS IF97

Temperatre : 1 2

Pressure : P 1013 ber

Density : B 9932061 kgim?
DOynamic Viscosity : 1 0.0030015% N.gjm?
mm v wox:os =iy

(®) Deraity : Oom . O xn Ve,
1010

Yl

AP
Pressureloss | 001783322 | bar
AH 0.1822m of fud
Complementary rests

Desgnaton Symbol Value Uit
Hydraulc dameter ] 0.0272 m
Annukus cross-section area A 0.002422545 m?
Arrndus volume v 0.002422545 m
Mazs of fuid In the anrubus ] 2418199 kg

Dameters rato dijd2 0,6130868

Relative roughness o 00003676471

. o 2 Refative eccentriity @ 0

> O S TS S Reynoids number Re 5594.25

0 o e e e s LUmsting Reynolds number for quadratic law Re" 1523200

1020 % & % 0 70 K 0 12 Friction factor for cradar crosssecson fore 0.02172814

[ kegr Yompaesturs (°C) 82 Friction factor for annuar Coss-secton farrns 0.02281455

[ Correction factor for eccentrioty (Figure 8.2) Clece 1

Pressure loss per length unt 0.01783322 barjs

Divers Pressure loss coeffioent (based 00 the mean ppe veooty) (3 0.8387703
Hydraulc powes loss wh 8.916608 w

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
[2] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik (2008)
[3] Dunlop (1991)
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2.1.4.6 MILLER (explicit Darcy friction factor)

Model description:

This model of component calculates the major head loss (pressure drop) of a horizontal straight pipe
of annular and constant cross-section.

In addition, the flow is assumed fully developed and stabilized.

The head loss is due to the friction of the fluid on the inner walls of the piping and is calculated with
the Darcy formula.

In this model Darcy friction factor is filled explicitly.

Model formulation:

Hydraulic diameter (m):
D=d,-d,

Cross-section area (m?):

A:,T-d: —0
4

Mean velocity (m/s):

Q
U=—
A
Mass flow rate (kg/s):
m=Q-p
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Fluid volume in the pipe (m?):

V=A.-L

Fluid mass in the pipe (kg):
M=V.p

Reynolds number:

“U-D
—

Re

Darcy friction factor for annular cross-section:

([1] equation 8.5)

Friction pressure loss coefficient:

Kf = fsﬁﬁu . £

([1] equation 8.3)

Relative eccentricity:
2-e
d, —d,

e=

Correction for axis eccentricity:

Cf... =f(ed,/d, |

([1] figure 8.2)
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Straight pipe with annular cross-section
Correction factor for eccentricity
MILLER - Figure 8.2

— g0 =0 diidd =01 — diidd =02 didn =04
d1/d0 = 0.6 diisd =08 di/d0 =09
T T v T v 4 v ™ T T v

10 —

09 1 : o . o224
L
° 084 . - .
-
(4}

or 4 J

06 4 J

05 + 4 + 4 + 4 4 + ]

00 0.1 02 03 04 05 06 o 08 08 10
e

Total pressure loss coefficient (based on the mean pipe velocity):

K= KF . cfe::

Equivalent absolute roughness for annular cross-section pipe (turbulent regime - Re > 4000):
Swamee-Jain equation (Colebrook-White equation approximation)
0.25

&irs

Ilog'

k

574

V3.7

D R

([1] equation 8.4)

where k is calculated by solving the equation.
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Darcy Friction Factor (Turbulent flow)
Circular cross-section pipes
MILLER (roughness walls)

= 1k- — KD = o
kD = 0.0008 K0 = 0002
kD =002 kD =004

T v T -

Re

Total pressure loss (Pa):

p-U*

AP =K.

([1] equation 8.1b)

Total head loss of fluid (m):

UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP-Q

Symbols, Definitions, SI Units:

di Annulus inner diameter (m)
do Annulus outer diameter (m)
D Hydraulic diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m3/s)

U Mean velocity (m/s)

m Mass flow rate (kg/s)
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L Pipe length (m)

Vv Fluid volume in the pipe (m?)

M Fluid mass in the pipe (kg)

Re Reynolds number ()

Feirc Darcy friction factor for circular cross-section ()

Fannu Darcy friction factor for annular cross-section ()

K¢ Friction pressure loss coefficient ()
e Pipes eccentricity (m)
e Relative eccentricity ()

Cfece  Correction for axis eccentricity ()

K Total pressure loss coefficient (based on the mean pipe velocity) ()
k Equivalent absolute roughness of walls (m)
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e turbulent flow regime (4 10° < Re < 108)

e stabilized flow
e Darcy friction factor for circular cross-section fcirc < 0.1

¢ relative eccentricity < 0.9
note: for relative eccentricity greater than 0.9, the correction factor for axis eccentricity
'Cfecc' is extrapolated

Example of application:
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(8 HydrauCalc 2019b - {Straight pipe annular cross-section with explicit Darcy friction factor - MILLER (2nd Ed)] - X

Ed Pref culation method D 0 ¢ .
L S FIaCIoe AL WISV ST SO Mz, » V&

Fud: | Water © 1 8tm 0] =2
Ref.: LAPWS IF97
Tempesature : v o
Pressure : P 1013 ber
Density : P 998.2051 kg
Dynamic Viscosity: 1 0,00100159 N.gfm?
SFoamac Pocaty £ SV -LOSIEEOY BN
@oeraty Oomvec. O oV
1010
3 A S e Pressure loss b
: L I TR S AH o.m-onu
U B Rt T PR A S _
: Complementary rests
im : Designation Symbol Vol it
T Hrcroukc dometer o 0.0 m
: 2 : Anrubus cross-section area A 0.002422545 m
o bodolg Arradus volme v 0.002422545 -
LI B Mass of fuid in the anruks ) 2418199 g
: i Dameters rato dijd2 06130868
00 A Relative eccentriaty & 0
BEh S Reynoids number Re 55943.25
g [ Equivalent relatve roughness (Swamee-Jan equation) w 0.001413727
Equivalent absolute roughness. k 3.845335€05 m
Tm % %% e s 50 108 Fricton factor for anmudar cross secton farrus 0.02625
O tegy Tompeesare (C) B2 2 152 Carrecton factor for eccentrty (Foure 8.2) Clece 1 -
Pressure loss per lengthunt 0.02051857 barjm
mumm«ummm K 0.9650735
Hydrauk powes loss. Wh 10,25928 w

References:

[1] Internal Flow System, Second Edition, D.S. Miller (1990)
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2.2 Bends

This subsection regroups the set of bends elements that can be modeled and calculated. The types of
bend available are:

e Smooth Bend - Circular Cross-Section

AN

e Smooth Bend - Rectangular Cross-Section

)

e Miter Bend - Circular Cross-Section

o1
&

e Miter Bend - Rectangular Cross-Section

il iE

.
Q

omposite Bend 90° (2 x 45°) - Circular Cross-Section

A

e Composite Bend 90° (3 x 30°) - Circular-Cross-Section

A

e Composite Bend 90° (4 x 22.5°) - Circular Cross-Section

S

e Helical Tube - Circular Cross-Section

M

=]

¢ S-shaped Bends - Circular Cross-Section (flow in one plane)
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S-shaped Bends - Rectangular Cross-Section (flow in one plane)
i
J

S-shaped Bends - Circular Cross-Section (flow in two perpendicular planes)

%}’ﬂ

[

S-shaped Bends - Rectangular Cross-Section (flow in two perpendicular planes)

I
yl
&/

[

-shaped Bends - Circular Cross-Section (flow in one plane)

L)

a.

U-shaped Bends - Rectangular Cross-Section (flow in one plane)
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2.2.1 Smooth Bend - Circular cross-section
Smooth Bend

Circular Cross-Section

For the calculation of the pressure loss coefficient of smooth bends with circular cross-section, the
user can choose from one of the methods described in the following four reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, IL.E. Idelchik
e Internal Flow System, 2nd Edition, D.S. Miller

e CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition
1999

e Pipe Flow - A Practical and Comprehensive Guide - Rennels and Hudson (2012)

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.]
CRAME (1999)
Pipe Flow - Guide (2012)
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2.2.1.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is circular and constant. In addition, the flow is assumed fully developed and stabilized
at the entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D—.E
F,=m-——
0 T 4

Length measured along the axis (m):

o

|=2.7-R- -
360

Mean velocity (m/s):

W _Q
0 F:l
Mass flow rate (kg/s):
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G=0Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:
w, -0

h

Re =

1

Relative roughness:

Darcy friction factor:
See Straight Pipe - Rectanqgular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

i=f Re = |
] |I-| ]
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

2/ = =1k =
e delta/Dh = 0.0004 deRta/Dh = 0.0008 dedta/Dh = 0.002
delta/Dh = 0006 —— dedta/Dh =001 delta/Dh = 0.02
dela/Dh =003 —— dea/Dh =005

0.1 oy
000
008
007

006
005
004
0035
003

0025

Lambda

002
0018
0016
0014
0012
0014
0009
0008
0007
0005 4o

Re

B Case of relative radius of curvature lower than 3 (Ro/Do < 3) ([1] diagram 6.1)

Coefficient of effect of the roughness:

p—

A

{ _
k,=f R Re
LD,

([1] diagram 6.1)
® 0.50 < Ro/Do < 0.55
. Re
A 3 4 4
3-10° - 4-10 > 410
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

® Ry/Do > 055
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Ayl Ay, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

{ A
Kee =11 Re,%j
\, h

([1] diagram 6.1)

Smooth bend (Ro/Do < 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e}

—_— = - —

20

kRe

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6.1)
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Smooth bend (Re/Do < 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

[ F S N, R A T AR T N —

A1

06 4

Bl oo asmsssahaadsssschaanans s asaaannssPosaasssss s ssshosnsesns s ssss o6

oo PP P TP P P TP W PP S—

T T T T

4
1] 20 40 -] B 100 15 140 160
Delta (*)

Coefficient of effect of the relative curvature radius:

([1] diagram 6.1)

® 05<Ry/Do<15

Smooth bend (Ro/Do <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)

,2 T T M 3 T v Ll T T L]
.
02 4 4
0.0 ¢ 4 4 4 4 $ 4 4
05 06 07 08 09 10 11 12 13 14 15
Ro/Do

® Ro/Do>15
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Smooth bend (Ro/Do > 1.5)

Coefficient of effect of the relative curvature radius

IDELCHIK - Diagram 6-1 - graph (c)

B1

005 4

000

I
U
10 20

Coefficient of effect of the relative elongation of the cross section:

([1] diagram 6.1)

Coefficient of local resistance:

= loz

e =A1-B1-C1

([1] diagram 6.1)

Pressure loss friction factor:

Z, =00175.5-4- 2
D

"1 ([1] diagram 6.1)

Reynolds number correction factor that depends on the relative curvature radius:

!r' "l
A2 =f R ;
L ([1] diagram 6.1)
Ra/Dg 050-055 | >055-070| »0.70-10 »>10-20 >2.0
A2 x 107 4.0 6.0 40-20 1.0 0.6
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Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

GO =
A
II |
1] I'
I
S000 4 i 'I e
[
II 1
4000 |._.
o Y
< ] \
3000 - \“
2000 1+ \"" 4
] \\KHH
t
1000 - \“‘H___q__
& :
[ 1.0 15 [ 5 |

Re/Da

Total pressure loss coefficient:
® Re > 104

:U = k_x . kRE : :u.l:-: + :uﬁ'

([1] diagram 6.1)

® 3-10° < Re < 10*

AR
:_Re = oz =i

([1] diagram 6.1)

Straight length of equivalent pressure loss (m):

B Case of relative radius of curvature greater than or equal to 3 (Ro/Do > 3) ([1] diagram 6.2)

Friction factor smooth wall:

) (o Ry
Ag = faRe’D__:_.I

([1] diagram 6.2)

® Re < 10°
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODO=50.80 — RO/DO=10- 15 OO = 30 - 25
RIDO=20-50 — RODO > 50

o4

Lambda el

® Re > 10°
Coude progressif a section cireulaire (Ro/Do == 3)
Coefficient lambda el”
IDELCHIK - Diagram &-2 - graph [a} - Re > 1E§
0050 - T T T
0045
0040 o
-
]
2 o 1.
E
L]
-}
0030 o
0025 <
0.020

=1 ([2] equation 9.3)
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Ar : Darcy friction factor for rough pipe ( A = A/Dx) at Re

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Pressure loss coefficient:

£ =0.0175-6-4,-C,

Do

([1] diagram 6.2 & [2] equation 9.3)

Total pressure loss (Pa):

oW,
AP =" ‘
- 2

([1] diagram 6.1 - 6.2)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aAFP.-Q

Straight length of equivalent pressure loss (m):

Symbols, Definitions, SI Units:

Dn Bend hydraulic diameter (m)
Do Bend internal diameter (m)
Fo Cross-sectional area (m?)

I Length measured along the axis (m)

Ro Radius of curvature (m)
5 Curvature angle (°)

Q Volume flow rate (m3/s)
Wo Mean velocity (m/s)

G Mass flow rate (kg/s)
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Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()
Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Coefficient of local resistance ()

Darcy friction coefficient ()

Pressure loss friction factor ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Straight length of equivalent pressure loss (m)

Friction coefficient ()

Roughness correction factor ()

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m*)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

¢ stabilized flow upstream bend
¢ length of the straight section downstream: > 10 Do
e curvature angle: O to 180°

B case of relative radius of curvature lower than 3 (Ro/Do < 3)
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o flow regime: Re > 3-10°

W case of relative radius of curvature greater than or equal to 3 (Ro/Do 2 3)
o flow regime: 400 < Re < 10°

for Reynolds number 'Re’ lower than 400 the coefficient ‘Lo’ is linearly extrapolated.

Example of application:

ﬁ HydrauCalc 2018b - {Smooth bend with circular cross-sectson + IDELCHIK (3rd Ed.)) - X
File Edw  Pref  Cakkulation method  Database  Tocks  Help

E‘ Fud: Water © 1ot P4C] %
Ref.: LAPWS IF97
Temperatre : r[ @)«
e———
Pressure : P 1013 ber
Density : 0 99,2061 kgim?
Dynomic Viscosity: 11 000300159 N.gm? Presaure loss
Knemaic Viscosty : +  LOOMIEDS mifs AP f_ogzuem bar
: X — T AH 0.0216 = of fad
@oeaty Oomvx. O ooV ." 5
1 1010 :
o3 =
1000 G Akl A w1
q| o008 | L283emi
0 3
Complomentary rests
; - Designatien Symbol Vol Unit
7 Hydraubc daweter oh 0.0203 m
1 ! : Cross-sectionsl area Fo 0.003881508 m:
o : Relative radus of curveture Ro/Do 2.489331
: Developed straight length from the axs [ 0.2748893 m
Divers : Internal bend volume v 0.001066985 m
o Jisniy 5 : Internal bend volume " 1065071 g
: Refative roughness a 0.0001422475
5 RS e A Reynoids number Re 90251
w0 - ocopasvepesseqessstooscposse Coefficent of local resistance < 0,1337544
1020 % 4 %0 &0 70 8 0 Roughness comecton (Duagram 6-1) k. 1.010951
[ kegr Temperature (°C) 8 Q 152 Reyreids number correction factor (Disgram 6-1) i 1,34083
[ Darcy Friction Factor b 0.01907611
Coeffcent of fricton resistance Ly 0.07459201
Pressure loss coefficient (based on the mean bend velooty) < 0.2558981
Hydraulc powes loss wh 1059659 w
0l Svaightlength of equvalent pressure loss Loy 09430454 m
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

[2] Internal Flow System, Second Edition, D.S. Miller
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2.2.1.2 MILLER
ﬁx

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

o
A=z.2
"2

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

360
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Mass flow rate (kg/s):

G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V.p

Reynolds number:

_U-D
==

Re

Basic resistance coefficient:

‘r \
K= =f —. 6
b !ld:l .[‘.iJ

([1] figure 9.2)

Smooth bend with circular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.2 (Re = 1e6)

T s

S
/

at

N
x\\\\i{\\\%g\\”
[\

P

/ f

[~
ﬁf—ﬁ_h"“-a,_q_ﬁ
N // .
T

L
0% 06 07 0809 1

Reynolds number correction factor:
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([1] figure 9.3)

Smooth bend

Reynolds number correction factor (CRe)

MILLER - Figure 9.3

<=1

=15 — nd>=2 |

CRe

22
2 QK“”H'“”.“*W”'
20 4

D . - D e e B e

Er/d>1

f r "i
Cr. =, Re, — |
R= \ 1 d )

Er/d<1

([1] figure 9.3)

®r/d>07o0rK <04

{ r)
CRE - f Re. E :

([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K" > 0.4)

K,

—
=K, -02C'..+0.2

([1] equation 9.2)

with:

' r "'i
C'r.=f Re,—|
R= L 1 d )

([1] figure 9.3 with r/d=1)

Outlet pipe length correction factor (optional):
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([1] figure 9.4)

Smooth bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

—— Kb =070 Fb =018 —— Fb"=0320 Kb =035
Kb® == 1.0

Lo/d

mr/d< 3 et 6, <100°
c,=f| %,K,; |
; 1 ([1] figure 9.4)

W otherwise (r/d > 3 and/or 6, > 100°)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
Iy k \
f= fa Re,E _.I

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 KD = 0,002
kD =0.02 kD =0.04
01 L i L v A\l v T v
009
008
007

006
005

o
0035
o

- 0025

002
0018
0016
0014

0012
0014
00

0007
0005

Roughness correction factor:

f
cr - fmugh
ot | ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:

K, =K,  C...C,-C

([1] equation 9.4)

Total pressure loss coefficient (based on the mean velocity in the bend)
K=K,

Total pressure loss (Pa):

p-U*

AP =K-

([1] equation 8.1b)
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Total head loss of fluid (m):

UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aAP.Q

Straight length of equivalent pressure loss (m):
d

LE“’:K-f

rough

Symbols, Definitions, SI Units:

D Bend hydraulic diameter (m)
Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)

Mean velocity (m/s)

- c 0 > a

Length measured along the axis (m)

Radius of curvature (m)

=

Ob Curvature angle (°)
G Mass flow rate (kg/s)
v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko Basic loss coefficient ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor ()

Lo Length of the straight section downstream of the bend (m)
f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()
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Kb Corrected loss coefficient ()
K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Re > 10%)

e stabilized flow upstream bend

e curvature angle: 10 - 180°

e relative radius of curvature 'r/d': lower than 10

Example of application:
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HydrauCalc 2018b - {Smooth bend with circulsr cross-section - MILLER (2nd Ed.)] -
i Preference: Calculation m. etho d  Datadbase Tocks  Help
- = n
L 97.; Eh
Flud char acterisscs Geometrcal charactensics
Fud: Water @ 18tm ] vl [ o |

Ref.: LAPWS 197 [ 1o |

| : [csoie ]
g m' "
e — g
Pressure : P 1013 ber J
J .

Density : P 998.2051 kg

Pressure loss.
Dynamic Viscosity : 1 0.0010015% N.gjm?
Knemotc Vacosty 1« 1LO0MEQS mifs AP | 000200893 | bar
R T e AH 0.0205 = of flud
@oeaty Oomve. O o v
100
SInts B (S S s ¥ . Option: Ouiet poe length correction factor
| B D e R TR O =i | Clsadtimingt oo
: TR Q-A me SEaRRaNgNE | >« 1, 783442 [
Designation Symbol Value Uit
Hydraubkc dameter s 0.0203 »
Relatve radus of curvature r/d 2489331
Developed straght length from the axis L 0.2748893 m
dnternal bend volume ¥ 0001066985 Lf
bt a . %
12 Basic coefficent (Fgure 9.2) Kb 0.1540287
12 Reynolds number correction factor (Fgure 9.3) Re 1530147
122 Outet tangent correction (Figure 9.4) < 1
1012090 4090 - 60 70" M8 _ 90 104 Refatve roughness W 0.0001422475
O tegy Tempeesture () B2 3 Rouress correcton cf 1042765
mmuw » 0.2425692
Pressure loss coefficent (based on the mean bend velodty) x | 0.2425692
| Hydadkpowerloss Wh L.00H65 w
0 swaghtiength of equvalent pressure oss Les 08959863 m
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.1.3 CRANE

i 4 ""'x:\:.-

o - B H

P 1
L >

;ﬁ f

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

Model formulation:

Cross-section area (m?):

2
A:J-d—
4

Mean velocity (m/s):

v=d

A

Length measured along the axis (m):

x

360

L=2.7.r.

Mass flow rate (kg/s):

Fluid volume (m?):
V=AL
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Fluid mass (kg):
M =Vol- o,

Reynolds number:

_v-d
=—

Re

Darcy friction factor:

1
fT B { Y 2
L& 2.01
2-10g, +
| 37-d RE-,\IIfT
: Colebrook-White equation
Darcy Friction Factor
Colebrook-White
— = 1E- —— epyd = 1E- — e =
e opa/d = 0 0004 eps/d = 0 0008 eps/d = 0.002
epsid = 0006 —— epsid=001 eps/d = 0.02
: eps/d = 0.04
10 . —
o=
=

107

Resistance coefficient for one 90° smooth bend:

!"r A
K=Ff —Ff
L_d’T}

([1] Appendix A-29)
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r/d K K/fr
1 20 f; 20
15 14 ; 14
2 12 f; 12
3 12 : 12
4 14 + 14
6 17 -+ 17
8 24 f; 24
10 30 30
12 34 f; 34
14 38 f: 38
16 42 ; 42
20 50 f; 50
Smooth bend

Correction coefficient vs . relative radius
CRAME - Appendix A-29

Correction coefficient for angle lower than 90°%:

K., =c-(0.0142-3.703-10% .|

(3))
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Smooth bend
Correction coefficient for angle lower than 90°
George R. Keller, Hydraulic System Analysis

T T L T T T T T
]
.-"-'.-’
08 4= ##,-‘
-
o~
»
08 4 f
-
or L L
"__,f
-
/-’z
06 - »
-
’
= e
e g5 1
; [ 8-} f‘___.-"'x
”
P
04 4= /,r"
-
-

03 4 3 o

sz L o

o1 4 P

oo 15 I | } | } I i i

-] 1 0 30 42 50 &0 7 BO S
alpha

Total pressure loss coefficient (based on mean velocity in bend):

® o >90°
i o l':'f r -‘:
Kg = ﬁ_1 I 0_25-,?-3‘T-E+D_5-K |+K
‘ J\ : ([1] Appendix A-29)
® o <90°
Ko =K-K
B 271 (([1] Appendix A-29 & [2])
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Smooth bend with circular cross-section
Pressure loss coefficient (fT = 0.02)

CRANE - Appendix A-29
—— Apha (=5 —— Apha (=10 — Apha (") =15
— Alpha {')=30 —— Alpha(')=45 Alpha (*) = 67.5
(')=90 —— Alpha (") = 120 Alpha (*) = 150
Alpha (*) = 180
10 -

(with fr=0.02)

Smooth bend with circular cross-section
Pressure loss coefficient (fT = 0.02)

CRANE - Appendix A-29
— =1 — =2 —— d=3 — M=4d — d=5
— fld=10 d= 15 v tid = 20
'o LA r T v L4 ,I Al v v \ 8 I

7
(Y15 S : .

Alpha ()

(with f+=0.02)

Total pressure loss (Pa):

aP:KB-‘G;

Total head loss of fluid (m):
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VZ
2-g

AH =K, -

Hydraulic power loss (W):
Wh=aP.q

Straight length of equivalent pressure loss (m):

L =f‘~fq-Ol

) tE

Symbols, Definitions, SI Units:

d Pipe internal diameter (m)

A Cross-section area (m?)

q Volume flow rate (m?/s)

v Mean velocity (m/s)

L Length measured along the axis (m)
r Radius of curvature (m)

o Curvature angle (°)

w Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

fr Darcy friction factor ()

€ Absolute roughness of walls (m)

K Resistance coefficient for one 90° smooth bend ()

Keorr Correction coefficient for angle lower than 90° ()

Ke Total pressure loss coefficient (based on mean velocity in bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
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p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

o turbulent flow regime (Re > 10%)

o stabilized flow upstream of the bend

e curvature angle between 0° and 180°

¢ relative radius of curvature (r/d) range between 1 and 20
for relative radii 'r/d’ between 0.5 and 1 or those greater than 20, the coefficient 'K' is
linearly extrapolated.

Example of application:

(s HydrauCalc 2018b - {Smooth bend with circuler cross-section - CRANE (1999)] - X
File Edt Preferences  Cakculation method  Database Tooks Help
\ Mdumuu
e e
Ref: LAPWS 1F97
Temperature 1 [7 2
a Pressure : P 1013 ber
Density : 0 998.2061 kgim?
DymamicViscosty: | 000300159 N.sfs Presaure loss
/ Knematic Viscosty : +  LOOMOEDS mifs ap [0.0018563%4 | bar
; AH 0,0190 = of fd
@oeraty Oomvx. O rn Ve
=
1000
@ “
i - Symbol Vakue Unit
> ' ¢ e oo A 0.003281508 m?
! ! : Relatve radus of curvature tid 2489331
o Jodadi 3 Developed straght length from the as L 0.2748893 m
b Internal bend volume v 0.001066985 m
Divers : Internal bend volume M 1065071 kg
o0 Lol Reynolds number Re 90251
. Refative roughness vkt 0.0001422475
: TP 2 Darcy Friction Factor m 0.01507611
: L e 2 12 Resistance coefficent for one 90° smooth bend K 11,7501 17
10720 % € 0 00 8.0 1 Coeficent of local resistance (Appendix A-29) K8 0.2241464
O kegr Tempeeature (°C) B2 Pressure loss coefficent (based on the mean bend velooty) E 0.2241464
Hydrauke power ks wh 0.9281772 w
Sraght length of equvalent pressure loss Lea 0,8260329 m
References:
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[1] CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition 1999

[2] George R. Keller, Hydraulic System Analysis, Published by the Editors of Hydraulics & Pneumatics
Magazine, 1970
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2.2.1.4 Pipe Flow - Guide
ﬁx

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

Model formulation:

Cross-section area (m?):

2
A:J-d—
4

Mean velocity (m/s):

v=2
A

Length measured along the axis (m):

x

360

L=2.7.r.

Mass flow rate (kg/s):
G=Q-pm

Fluid volume (m?):
Vol=A-L
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Fluid mass (kg):

Mas = Vol p

Reynolds number:

Nre

Vv

*

Relative roughness:

R_r =E

Darcy friction factor:

1
f=
{ Y 2
2 |CIQ: £ 4 201
370 Ty ) o |
Colebrook-White equation ([1] equation 3.6)
Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6
—— epsld= IEO6b —— epsid = TEUS —— epdd=ouwv“
— ops/d = 0.0004 eps/d = 0.0008 opsid = 0.002
eps/d = 0006 —— eps/d=001 eps/d = 0.02
eps/d = 0.04
o' LS T Ll L4
009
008
007
006
0054
004
0035
003
- 0025

002
oots
0016
0014
0012

0014
0009
0008
0.007

0 006

NRe

Total pressure loss coefficient (based on mean velocity in bend):
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6.6 -f-[_Jsin[afE] +sin(ef2))

r .
K=Ff-a-—+(0.10+24-f)-sin{ o/2) +
o 4.
‘r T
d)
Smooth bend with circular cross-section
Pressure loss coefficient (f = 0.02)
Pipe Flow - Guide (2012) - Equation 15.1
— Apha(=5 —— Apha(T=10 — Apha("J=15
e Alpha {*) = 30 Alpha (') = 45 Alpha (*) =675
Alpha (*})=9%0 —— Alpha{*)=120 Alpha (*) = 150
Alpha (*) = 180
10 T v T T T T v
!
09 ¥ . 3
LLE Sl B,
-
07 4 l P =
| B
06 4 ) -
| fa
x os 4 |} /,/’ 3
04 4 \ T ‘ R e 3
/'/ S "
o3 LN 5 s S RIS R
‘\‘.“-..\‘_// R — TS 2 2%
G 30 N o SRR S ot RIS
FLE S0 : e
0.0 ¢ + 4 + 4 : 4
] 2 “ 6 ] 10 12 14 16
rid
Smooth bend with circular cross-section
Pressure loss coefficient (f = 0.02)
Pipe Flow - Guide (2012) - Equation 15.1
—e =208 e =1 —d=? ——d=3 —ld=3d
rfd=5 rd = 10 rd = 15 ]
10 v r : v v ' e T
09 / 3
08 4 '/’" 4
or & e 3
v 4 3
06 3 /__/ =
w ost - '_,,/' - . h
P ]
04 J : ‘ // v / 77 REE Tt SIS
03 4 ,// . et T ,'_:——""_;_ﬂ--'f’.’f
SV g = eer s
02 & T — Ty 3
// // v
o L. L= .
0.0 " ¢ + 4 4 + 4 4 + + ¢ 4
0 15 30 45 60 75 90 105 120 138 150 165 120
Alpha (*)

([1] equation 15.1)

([1] equation 15.1 with f = 0.02)

([1] equation 15.1 with f = 0.02)

Total pressure loss (Pa):
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2
3P=K.‘Gm-v

Total head loss of fluid (m):
VE
2-g

AH=K-

Hydraulic power loss (W):
Wh=aP.Q

Straight length of equivalent pressure loss (m):

d
qu =K'F

Symbols, Definitions, SI Units:

d Bend internal diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m?/s)

v Mean velocity (m/s)

L Length measured along the axis (m)
r Radius of curvature (m)

o Curvature angle (°)

G Mass flow rate (kg/s)

Vol Fluid volume (m?)

Mas Fluid mass (kg)

Nre Reynolds number ()

R: Relative roughness ()

g Absolute roughness of walls (m)

f Darcy friction factor ()

K Total pressure loss coefficient (based on mean velocity in bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
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Wh Hydraulic power loss (W)

Leg Straight length of equivalent pressure loss (m)

Pm Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Ng. > 10%)
o stabilized flow upstream of the bend
e curvature angle between 0° and 180°

Example of application:

(s HydrauCalc 2018b - {Smooth bend with circuler cross-section - Pipe Flow - Guide (2012))

File Edt  Pref  Cakculati Database T
Fud: |Water @ 18tm 0] -7
' Ref.: LAPWS IP97
Temperature © i | 2! ¢
| U—— |
Pressure : P 1013 ber
Density : o 982061 kgl
| DymamkcViscosty: i 0.00300159 N’ Presaure loss
Knematic Viscosty : ©  1LOOMOEQS mifs ap [0.001731568 | br
' TR G AH 0,0177 = of fhad
@oeraty Oomvx. O ooV
= -
1000 : R
: : q| o008 | L2B8ei
im : : Designation Symbol Vol unit
§ [y Croms sectonsl res A 0.003881508 m
‘ ! : : Refatve radus of curvature tid 249
R b A RPN AR R NG Developed straght length from the s L 0.2748893 m
: u Enternal bend volume Vel 0.001066985 m
m : : Mass of fid in the bend Mas 1065071 g
v Jo.sihiid Relatve roughness o 0.0001422475
: : Reynoids number e 90251
: i Refative roughness R 0.0001422475
[ IS 142 Darcy Friction Factor (Equation 3.6) f 0.01907611
1020 % € %0 0 0 8 K 12 Coeficent of local resstance (Equaton 15.,1) (3 0.2091273
O kot Tempeesturs (€) B2 Pressure loss coefficient (based on the mean bend velodty) K 0.2091273
Hydrauk power ks Wwh 0.8659642 w
Swaght length of equvalent pressure loss Leq 0.7706841 m
—__|

References:
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[1] Pipe Flow: A Practical and Comprehensive Guide. Donald C. Rennels and Hobart M. Hudson. (2012)
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2.2.2 Smooth Bend - Rectangular cross-section
Smooth Bend

Rectangular Cross-Section

For the calculation of the pressure loss coefficient of smooth bends with rectangular cross-section,
the user can choose from one of the methods described in the following three reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, IL.E. Idelchik
e Internal Flow System, 2nd Edition, D.S. Miller

e Pipe Flow - A Practical and Comprehensive Guide - Rennels and Hudson (2012)

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
Pipe Flow - Guide (2012)
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2.2.2.1 IDELCHIK

;ﬁ f

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is rectangular and constant. In addition, the flow is assumed fully developed and
stabilized a the entrance bend.

Model formulation:

Hydraulic diameter (m):

_E-H:-J'J:
a, + b

D,

([1] diagram 6-1)

Cross-section area (m?):

Length measured along the axis (m):

-

e

360

=2 7R, -

Mean velocity (m/s):

W. = E
0 F:I
Mass flow rate (kg/s):
G=0-p
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Fluid volume (m?):

V=F-I
Fluid mass (kg):
M=V.p

Reynolds number:

_W,-D,
=

Re

Relative roughness:

-2
D!r

Darcy friction factor:
See Straight Pipe - Rectangular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a =
e delta/Dh = 0. 0004

doRa/Dh = 0.0008 delta/Dh = 0,002
deltaDh = 0006 —— deRa/Dh =001 deha/Dh = 0.02
deMaDh=003 — deNa/Dh =005
0.1 T T T T
oo
008

007
006

005
004

0035
003

0025

Lambda

002
0018
0016
004
002

0014
0009
0008
0007
0005
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B Correction for Darcy friction factor for noncircular cross-section

¢ a0>bo
k _=f(b/a,)
nan-c | (1] diagram 2.6)
4 ao < bo
k =f(a,/b,)
non-o - - ([1] diagr‘am 26)

® |aminar flow (Re < 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-6

T T T T T T T T T
\
\
\
a4\ .
"\
\
13 4 \ -
12 4 B
) ¢
c
o
c
-
" -
10 4- "‘\\ 3
g
~
~
~
~—
LT
09 & e T T — B
—
08 ¢ 4 . : : 4 : e
00 0t 02 03 04 oS 06 o7 os 0s 10
b0/a0

® turbulent flow (Re > 2000):
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Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-6
AN

108 4 \

knon-¢
°
-3
T

} $ $ 4 4 + $ $
00 01 02 03 04 0s 05 07 08 09 10
bo/a0

B Darcy friction factor for rectangular cross-section

i.=dA. K
! fore Mnane ([1] diagram 2.6)

B Case of relative radius of curvature lower than 3 (Ro/bo < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

i N
k. =f 2 Re |
L b, )

([1] diagram 6-1)

® 0.50 < Ro/bo < 0.55

. Re
A 3-10° - 4-10° > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

® Ro/bo > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Ayl Ay, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10%):

Ry
k. =f Re,—
R= .l ,b_:IJ

([1] diagram 6-1)

Smooth bend (Ro/bo <= 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e)

[=—— Robo=030-05 —— Robo>055-070 —— Robo>070 |

20

kRe

L}

Coefficient of effect of the angle:

A1=f(5)

([1] diagram 6-1)
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Smooth bend (Ro/bo <= 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

14 =
T e U Uy« DI g A
10 = :
E T e o DL e e L OO e e e S 4
06 o '
Bl e casnsscahaadessschosnansssdasaaannssPosaassssslscsasannsshosssnsnsshesasssss o .
B2 4 ]
oo + } —h —4 4 } —— b — } s ]
1] 20 40 -] B 100 15 140 160 185
Delta (*)
Coefficient of effect of the relative curvature radius:
{ R.\
B1=f 2|
by ) .
([1] diagram 6-1)
® 05<Ro/bp<15
Smooth bend (Ro/bo <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)
1 2 T T T T L] T T L] T
04 4 .
02 4 4
0.0 ¢ 4 4 ¢ 4 + 4 4 $
05 06 o7 na 0% 10 1 12 13 14 15
Rolbo
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] Ro/bo >15

Smooth bend (Ro/bo > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

0.25 .

015 4 N -

005 4 \

0.00 '

B1
/

Coefficient of effect of the relative elongation of the cross section:
4 a0 > bo

C1=F i_
=21 (11] diagram 6.1)
¢ a0 < bo
cl=f 2
71 ([1] diagram 6.1)
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Smooth bend
Coefficient of effect of the relative elongation of the section
IDELCHIK - Diagram 6-1 - graph (d)

c1

09 4

I 4
os 4 4

Coefficient of local resistance:

Cee =A1-B1-C1 (11] diagram 6-1)

Pressure loss friction factor:

£, =00175.5.4_ =2
(S Dh

([1] diagram 6-1)

Reynolds number correction factor that depends on the relative curvature radius:

{ Y
A2 =f R ;
21 (1] diagram 6.1)
Ro/by | 0.50-055 |>055-0.70 | >0.70-10 | >1.0-2.0 2.0
A2 x 107 40 6.0 40-20 1.0 0.6
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Smooth bend (Ro/bo < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

600D -

S000 4 4. 1

4000 4 l.

A2
/”/.

3000 - \
200 - \‘\\K 3
HH""\
1000 - ‘\H‘"‘q___
.
| | : { t
17 1.0 15 20 25 1]

Rolbo

Total pressure loss coefficient:
® Re > 104

:U = k_x . kRE : :u.l:-: + :uﬁ'

([1] diagram 6-1)

® 3-10° < Re < 10*

AR
:_Re = oz =i

([1] diagram 6-1)
B Case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3) ([1] diagram 6-2)

Friction factor smooth wall:

{ R. |
i =f Re —
% . 'h, |

([1] diagram 6.2)

® Re < 10°
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Smooth bend with rectangular cross-section (Ro/bo >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

04

—— Robo=30-38 —— Hobo=3E.-4d0 —— Foba=47-4158
—— Robo=50-80 Raba = 10 - 15 Ratba = 20 - 26
Robo=30-50 —— Roba>50

Lambda el

® Re > 10°

Lambda el

Smooth bend with rectangular cross-section (Ro/ba >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph [a} - Re > 1E§

T T T T

050

045 <

040 o

G035 - .

0030 4=

B025 4=

020

=1 ([2] equation 9-3)
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Ar : Darcy friction factor for rough pipe ( A = A/Dx) at Re

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Pressure loss coefficient (based on the mean velocity in the bend):

£=0.0175.5.4,C,
D,

([1] diagram 6-2 & [2] equation 9.3)

Total pressure loss (Pa):

oW,
AP =" ‘
- 2

([1] diagram 6-1 - 6-2)

Total head loss of fluid (m):

Hydraulic power loss (W):
Wh=aAFP.-Q

Straight length of equivalent pressure loss (m):

Symbols, Definitions, SI Units:

ao Rectangular cross-section width (m)
bo Rectangular cross-section height (m)
Dn Bend hydraulic diameter (m)

Fo Cross-sectional area (m?)

I Length measured along the axis (m)

Ro Radius of curvature (m)
5 Curvature angle (°)

Q Volume flow rate (m?3/s)
Wo Mean velocity (m/s)
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xcirc
Xrecf

knon-c

Ka
Kre
Al
B1
C1

Cloc

At
Ct
AP
AH
Wh
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Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Darcy friction coefficient for circular cross-section ()

Darcy friction coefficient for rectangular cross-section ()
Correction for Darcy friction factor for noncircular cross-section ()
Coefficient that allows for the effect of the roughness ()
Coefficient that allows for the effect of the Reynolds number ()
Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Coefficient of local resistance ()

Pressure loss friction factor ()

Reynolds number correction factor that depends on the relative curvature radius ()
Total pressure loss coefficient (based on the mean velocity in the bend) ()
Straight length of equivalent pressure loss (m)

Friction coefficient ()

Laminar coefficient ()

Turbulent coefficient ()

Roughness correction factor ()

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)

Fluid kinematic viscosity (m?/s)
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g Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend
¢ length of the straight section downstream: > 10 Dy
e curvature angle: O to 180°

B case of relative radius of curvature lower than 3 (Ro/bo < 3)

o flow regime: Re > 3-10°

B case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3)
o flow regime: 500 < Re < 38:10°

for Reynolds number 'Re’ lower than 400 the coefficient ‘Ao’ is linearly extrapolated.

Example of application:

I8 HydrauCalc 20202 - [Smocth bend with rectangular cross-section - IDELCHIX (3¢d Ed.)] - X
File Eda Preferences Cakulationmethod Database  Tools Help

o A
Fhuid char aCteristcs Geometrical characterisics
@; Fud:  Water & 18t PiC] v Heb
Ref.: LAPWS IFS7 Info
Temperatre : vl 2 ¢
f Pressure : P 1013 ber
Dengity : P 9982061 Igim? K
| Dynamic Viscosity : o 0,00100159 N.sjm? =<
/| )| KnematicVicesty: |  LOOJEDS mifs Presare bss
® Oersity O Dm.Vec. () Kn Vs ap[ 0601116375 | bar
=5 AH 0.0113m of fsd
1000 e 7S b SS (h G 4
— it Aoigh
Q[ oos |
\ o
L 5 .
. [oesraen et | wn | v |
v Hydraubc dametes oh 0.06666667 m
l Passage cross-saction area ro 0.008 m
- Sides ratio bO/ad 0.5
Refative radus of curveture ROBO as
Redative roughness a 0.00015
\ [T GREER Reynolds number Re £a85.67
129 Ericton factor (Dagram 6-2) o $3%0%¢
12 Darcy fricton factor (roughness ppe) b 0.02024362
; e 12 Darcy friction factor (hydrackcally smooth ppe) hs 0.01962486
02N 6 N8N 8NN Roughness correction cf 1031529
[ ket Tompasahare {°C) B ] Pressure loss coeficent (based on the mean bend vekoty) :
Hydraulkc power koss wh D, 5557 w
Straght length of equivaient pressure loss Leq 0.7326559 m
3

References:
[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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[2] Internal Flow System, Second Edition, D.S. Miller
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2.2.2.2 MILLER

;ﬁ f

Model description:

This model of component calculates the head loss (pressure drop) of a bend smoothly curved whose
cross-section is rectangular and constant. In addition, the flow is assumed fully developed and
stabilized upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

2-b-W
D=
b+W

([1] equation 9.5)

Cross-section area (m?):

A=b-W]|

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

P
L=2.7.r. 2
T 380
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Mass flow rate (kg/s):

G=0-p

Fluid volume (m?):

Fluid mass (kg):
M=V-p

Reynolds number:
_U-D

1%

Re

([1] equation 9.6)

Basic resistance coefficient:

_f_
K, =f] —

Y
tﬁ’gﬁ}

([1] figures 9.6 - 9.7 - 9.8)

B Sides ratio b/W =05

Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb")
MILLER - Figure 9.6 (Re = 1e6 & Sides ratio (b/W) = 0.5)

| | || H | - ", -\
150 I . H“““-H___ e
| — - -
f I I|| I|I |IlI rd g -H""-\-\.._\_\_H\.._\ e,
120 b ol f Iy T B
bok | IIIII.l /l( l,l'l ."|l / o H—"n: T
1004 ; T s T -
:g"’ N j_.-" Vi P i i i
&0 / /; / /::I vir /.-‘f.-"'-' a1 T e S S
T o ; [ e :
104 .~ /:x P I Y T Hﬂ“::"
- /_, ‘/.-f ___,4{::___.--'-'____. g —pAr_ H“'\--\. H""-\-\. HH-\"'\-\.\_ -
&0 .-//_,-"f.- gt e T I "‘--\.._\_\_
L e 5 T T
30 10 T e " "‘ﬁ-
.t <.
s V7 S
NG e e e N NN
S — - ]
A - = s,
/7R -\-\-\--\--\-"-u_\_\_ - RH
i /.-'"'f- T e \
-~ e ey
e — S e, -
//- ____-c - -—.____\_\__-\- ""--\.\_ 1"""-~-\.\_\_~
v b g .
20 4 — — — =
f__,_.-'" _':'5"——_.____ %_"-._H %“-n_h_\_ﬁ E
— —
15 /.,———-—__:lm S . H\-\"'\-:-\‘-‘\H-\'-H
e - e
P _‘—‘——\_\_\_\_\___\_\_\- —— — o
1. . —— T
- — e
10 —— ¢ . - ———
0% 06 07 0809 1 15 2 3 4 § & T B 9

([1] figure 9.6)

B Sides ratio b/W =1
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Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb")
MILLER - Figure 9.7 (Re = 1e6 & Sides ratio (b/W) = 1)
] ] } r ‘I T 7 ~ ~
/ ,/ r’

/|

120

100+
0/,
804 .~
04~

40

Theta

304

([1] figure 9.7)
B Sides ratio b/W =2

Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb")

MILLER - Figure 9.8 (Re = 1e6 & Sides ratio (b/W) = 2)
180

|

150 I [ 1: ] |
120 :r::.-'
ot
v 7 57 J I i
il /:,Jac;{;/f///f
rua:///
&

w01
SO L

Theta
\
!

Wi T

30 ,-;_’,.f T o0 - -'"mh Hﬂ_h‘"ﬂx
T

20 4+

([1] figure 9.8)

For any sides ratio 'b/W' between 0.5 and 2, the coefficient K" is obtained by curvilinear
interpolation between the values of Ky calculated for aspect ratios of 0.5, 1and 2.

Reynolds number correction factor:
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ro

Coe =f Re. |

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

[— W<=T1 MW=15 —— W >=2 |

22
2 -R———»—wu B R .- e e e s AR
-

CRe

mr/W>1

r

Ce =f|Re. 5 |

([1] figure 9.3)

mr/W<1
®r/W>07o0rkK, <04

r)

Co =f|Re. 5|

([1] figure 9.3 with r/W=1)

® otherwise (r/W < 0.7 and K» > 0.4)

C.. = Ky
Re — . ;
A 0207 ([1] equation 9.2)
with:
Cla=f Re.t
.‘ 1 ([1] figure 9.3 with r/W=1)

Outlet pipe length correction factor (optional):

B correction factor for circular cross-section
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® 0, < 100°
{ L,, )
C,=f = K
LD ) )
([1] figure 9.4)
Miter bend with rectangular cross-section
Qutlet pipe length correction (Co)
MILLER - Figure 9.4
— Kb ==0.10 FE" =01 —— EKb" =020 Fb =025
Kb == 1.0
3 =
1.5
[=] I=ft I' 5 T — e — —
D II' . __-—j". —
08 || 1 = _J_"___d_--':' - H__H_F,_-ﬂ-
- - o
.I'\.__-""...:. -
06 \/f'_'/i
o4
03 t
g1 i & 1 -] he 42
Le/D

® 0, > 100°

C,=1

(negligible effect)

B correction factor for rectangular cross-section

® b/W <0.7 and Lo/D > 1

1-C
C,=1- g
or 2

®b/W>1andLo/D <1
¢15<r/W<3

C, =2

®r/W<15o0rr/W=>3

Cﬂr = C:,

® otherwise

Co =C,
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If this option is not activated, the factors C, and Cor are equal to unity.

Darcy friction factor:

{ kO
f=f:~ RE’EJ

See Straight Pipe - Rectanqgular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

~— kD = 1E-06 WO =1E05 —— WD =0.0001 kD =00004
kD = 0.0008 kD = 0002 kD = 0.006 kD =001
kD =0.02 kD = 0.04

T T T T

o
0035

003

02
0018
0016
0014

0014 S -
0 009 —_— :
0008 e
0 007

'

0005 Lot ¢ 4 " }

Re

Roughness correction factor:

Cr _ :_ﬂ:-'_';u.1
smoath ([1] equa'l’ion 9-3)
with:

frough Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10°, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:

Kc:- = Kbu' GHE . Co.-- 'Cr

([1] equation 9.4)

Total pressure loss coefficient (based on the mean velocity in the bend)
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K=K,

Total pressure loss (Pa):

p-LF

AP=K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=AP.-Q

Straight length of equivalent pressure loss (m):
D

L”:K-f

rough

Symbols, Definitions, SI Units:

w Cross-section height (m)
Cross-section width (m)
Bend hydraulic diameter (m)
Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?3/s)

Mean velocity (m/s)

- Cc O » o U ©

Length measured along the axis (m)

S

Radius of curvature (m)

Ob Curvature angle (°)
G Mass flow rate (kg/s)
v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()
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Ko Basic loss coefficient ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor for circular cross-section ()

Cor Outlet pipe length correction factor for rectangular cross-section ()
Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

o Roughness correction factor ()

Ko Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (Re > 10%)

o stabilized flow upstream bend

e curvature angle: between 10° and 180°

e relative radius of curvature 'r/W' between 0.5 and 10

e sides ratio 'b/W': between 0.5 and 2

note: for any sides ratio 'b/W' less than 0.5, the resistance coefficients K»~ are obtained by

linear extrapolation from the values of Ky~ calculated for sides ratios of 0.5 and 1.
for any sides ratio 'b/W' greater than 0.5 and 2, the resistance coefficients Ky are
obtained by linear extrapolation from the values of Ky calculated for sides ratios of 0.5
and 1.

Example of application:
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ﬁw&m&m-lsﬂmmmwmm-mmun - *
n.,
o A4 93'7 =4
Ol e ) =l WS I,,
Ref.: IAPWS IF97 | o
| e[ e
f‘ Pressure : P 1013 bar
Density : s 9861 g : .
| DynamicVecosity: o 0.00100159 N.sjm? ! =
.), Knematic Vicosity : v LOOJNEDS mijs Presmure loss
@0ty Oomvs. O knvec AP [0.001043333 | bar
' 1910 M 0.0107 m of fusd
_ Qober: Outet poe length correctan factar
LRI SN S P KRR Y SR, P 4,”39“ ¥ [0 Use cutet poe length corection factor
t\ STAOM lengthl >e 1945882 m
CZs| .}
Complementary resuits
] Zu Designation Symbol Valoe Unit
‘“[ T Hydraubc dametes b 0.06666667 m
) | ! e S 2 ot e
g P Sdesrato Lld 2
e Relative radus of arveture o EL3
Regh; Mesy ; Nis Developed straght length from the axis L 0.248393 Ll
w RSN - (22 14 Basic coefficent (Fgures 9.69.79.8) 0 0.127294
} ) 152 Reynolds number correction factor (Fgure $.3) CRe 1585444
12 Outet tangent correcton (Figre 9.4) co 1
Corrected coeficent Co for rectangular cross-section Cor 1
IR T rolghrae W 0.00035
— s “tmpeer) . $R1Q Roughress cormecson ct 103579
el e - it & posssied
Corrected pressure loss coeficent ' L) 0.2090416
| Hydraukc powes kss - wh 0,5216665 w
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.2.3 Pipe Flow - Guide

;ﬁ f

Model description:

This model of component calculates the head loss (pressure drop) of a smoothly curved bend whose
cross-section is rectangular and constant. In addition, the flow is assumed fully developed and
stabilized upstream of the bend.

Model formulation:

Hydraulic diameter (m):

_2-w-h

a,
w+h

Cross-section area (m?):
A=w-h

Mean velocity (m/s):

v=9
A

Length measured along the axis (m):

x

360

L=2-7-r.

Mass flow rate (kg/s):
G=0Q- pm
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Fluid volume (m?):
Vol=A-L

Fluid mass (kg):

Mas = Vol p

Reynolds number:
_V-g,

5

NRe

Relative roughness:

£
R =2
’ dh

Darcy friction factor

.
.

1
f=

f Y 2

2 I:]g: A 201
370, e ) N |

Colebrook-White equation ([1] equation 3.6)
Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6
—— epsldh = TEU6  —— eps/dh = TEDS —— opsldl=DUWV'|
e ops/dh = 0.0004 eps/dh = 0.0008 ops/ch = 0.002

epsidh = 0006 —— eps/dh =001 epsidh = 0.02
eps/dh = 0.04

o' LS T Ll

009

008

007

006

0.054

004 &

0035

003

. 0025

002

0ot8

0016

0014
0012
001
0009
0008
0.007
0 006
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Total pressure loss coefficient (based on mean velocity in bend):

K=f-a- d—+|[[l 10+24-f)-sin(a/2)+

6.6-f-fsin(e/2) +sin(z/2))

([1] equation 15.1)

([1] equation 15.1 with f = 0.02)

4oz
h ( —
] _r [ N
Ldy )
Smooth bend with rectangular cross-section
Pressure loss coefficient (f = 0.02)
Pipe Flow - Guide (2012) - Equation 15.1
—— Apha () =5 —— Alpha (J=10 —— Alpha ("] =15
e Alpha (*) = 30 Alpha () = 45 Alpha (") =675
Alpha (*}=90 —— Alpha{*)=120 Alpha (*) = 150
Alpha (*) = 180
10 T T T v T T T
|
0s 4 ’ 3
08 4 |} -
07 4 1 A 3
| 5 2
oo 1. || /_,«-" 3
| >
X 054 .| ll _/J’/. .
04 5 ‘.\' ,_--"_ 3
‘II 2 . A
03 -1 __,"/' ~ ey
“, \ ~__\‘—,_/ PRS- =
02 4 \ NG :4_ A '-1_ ~~~~~~~~~ T
Nt aei ey R e
g a3 A e
01 TN
0.0 + 4 4 + + - 4
] 2 B 6 8 10 12 14 16
ridh
Smooth bend with rectangular cross-section
Pressure loss coefficient (f = 0.02)
Pipe Flow - Guide (2012) - Equation 15.1
—— h=05 — ndh=1 —— 1oh=2 —— fdh=3
rich= 4 tidh = 5 /éh=10 —u tidh=15
10 T T T T v T T Y T
09 4 ’ -
o8 4 3
07 4 -
06 3 / -
X 05 4 : -
3 R
oa ¥ i N g PR it 1
3! /’/ L - N ol 3
03 4 b 25 e ST~ ey
Z s —_
02 & ‘ S, 3
7 ,-/" ”
o1 4 = 4
0.0 + + 4 4 + + +- 4 4 4 +
] 15 30 45 60 75 90 105 120 138 150 165 120
Alpha (%)

([1] equation 15.1 with f = 0.02)

Total pressure loss (Pa):
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2
3P=K.‘Gm-v

Total head loss of fluid (m):
VE
2-g

AH=K-

Hydraulic power loss (W):
Wh=aP.Q

Straight length of equivalent pressure loss (m):

dy
FI.'

L, =K.

Symbols, Definitions, SI Units:

w Rectangular cross-section width (m)
h Rectangular cross-section height (m)
dn Bend hydraulic diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m3/s)

v Mean velocity (m/s)

L Length measured along the axis (m)
r Radius of curvature (m)

o Curvature angle (°)

G Mass flow rate (kg/s)

Vol Fluid volume (m?)

Mas Fluid mass (kg)

Nre Reynolds number ()

R- Relative roughness ()

€ Absolute roughness of walls (m)

f Darcy friction factor ()

K Total pressure loss coefficient (based on mean velocity in bend) ()
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AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)

Pm Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (Nge > 10%)

e stabilized flow upstream of the bend

e curvature angle between 0° and 180°

o this formulation is for circular passages, but can be reasonably applied to square ducts or to
rectangular ducts of low aspect ratio

Example of application:
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(8 HydrauCalc 20202 - [Smocth bend with rectangular cross-section - Pipe Flow - Guide (2012)]

PRid: - (Waler © 1atm ]

Ref.: IAPWS 1797 - [ info
Temperatre © T I ”! xc
Pressure : P 1013 ber

||
]

o] Pressure oss
-~ 5 AP | 0.0019508 | bar
o 1 AH 0.0111m of flud

Symbol Vakoe Unit
& 0.06666667 m
A 0.005 m
hfw 0.8
\ridh 2625
L 0.274¢893 m
Yol 0.001374447 m
tas 1.371981 o
o 0.00015
: ok NRe 66440.97
L e e 142 Darcy Friction Factor (Equaton 3.6) f 0.02024352
1 DOer Tomperaturs ) 212 122 Coefhcent of local resstance (Equa%on 15.1) 3 0.218552
—— Pressure loss coefficent (based on the mean bend velodty) (3 0.218552
Hydrauic power loss wh 0.5453993 w
Straght length of equivalent pressure loss Lea 0.7197398 m

References:

[1] Pipe Flow: A Practical and Comprehensive Guide. Donald C. Rennels and Hobart M. Hudson. (2012)
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2.2.3 Miter Bend - Circular cross-section
Miter Bend

Circular Cross-Section

For the calculation of the pressure loss coefficient of miter bends with circular cross-section, the
user can choose from one of the methods described in the following four reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
e Internal Flow System, 2nd Edition, D.S. Miller

e CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition
1999

e Pipe Flow - A Practical and Comprehensive Guide - Rennels and Hudson (2012)

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
CRAME [1999)
Pipe Flow - Guide (2012)
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2.2.3.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized at the
entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D’
4

F,=m-

Mean velocity (m/s):

W. = E
0 F:,
Mass flow rate (kg/s):
G=0Q-p

Reynolds number:

280



HydrauCalc - 2024a (www.hydraucalc.com)

w, -0,
'|_.-"

Re =

Relative roughness:

A=

2
D.Pr

Coefficient of effect of the roughness:

k., =f(Re,A)
1 ([1] diagram 6.6)
_ Re
A 3 4 4
3-10° - 410 > 4-10

0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

Coefficient of effect of the Reynolds number (Re > 10):
k.. =F(Re]

([1] diagram 6.6)

Miter bend
Reynolds number correction factor
IDELCHIK - Diagram 6-6

14 &4

kRe

10 4

09
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Coefficient of effect of the angle:

A=F(J5) _
([1] diagram 6.7)
Miter bend
Coefficient of effect of the angle
IDELCHIK - Diagram B&-7
4 T
3P
hY
AN .

. Y

Angle

Coefficient of effect of the relative elongation of the cross section:
C, =1

([1] diagram 6.7)

Coefficient of local resistance:

S =T &)

=loc

([1] diagram 6.7)
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Miter bend
Coefficient of local resistance
IDELCHIK - Diagram B6-7

1 T T T

Zeta loc

T T
-] 50 i 150

Total pressure loss coefficient (based on the mean velocity in the bend):
:Uzk_a'kﬂe'[: 'A':M.l:-:

([1] diagram 6.7)

Darcy friction factor:

{ Al
i=f Re, —
=D

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)
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Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

2/ = 1k J— = N [— 2/ =
e delta/Dh = 0.0004 delta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0006 —— delta/Dh =001 delta’Dh = 0.02
delta/Dh =003 —— deta/Dh =0.05

01 o T T T o n
00
oos

007
006
005
004
0035
003

0025

Lambda

002
0018
0016
0014
0012
0014
0009
0008
0007
0006 do}

Total pressure loss (Pa):

ap=; P We
2 ([1] diagram 6.7)

Total head loss of fluid (m):

Wo"
2-g

AH =

Hydraulic power loss (W):
Wh =aP-Q

Symbols, Definitions, SI Units:

Dn Bend hydraulic diameter (m)
Do Bend internal diameter (m)
Fo Cross-sectional area (m?)
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ka
kRe
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Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()
Coefficient that allows for the effect of the Reynolds number ()
Angle of the bend (°)

Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative elongation of the cross section

0
Coefficient of local resistance ()
Total pressure loss coefficient (based on the mean velocity in the bend) ()
Darcy friction coefficient ()
Straight length of equivalent pressure loss (m)
Total pressure loss (Pa)
Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Do
e curvature angle: O to 180°

o flow regime: Re > 10*

Example of application:
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[H8 HydrauCaic 2018b - [Miter bend with circular cross-section - IDELCHIK (3rd £d.)) - X
Fie Edt Preferences Cakulation method Datadase  Tocks  Help

oy A o B BB

Fud: Water © 1atm ] vl [ heb |
Ref.: LAPWS 1607 nfo | “o0%3 |
Tompentws) ST < ‘ I
Pressre: P 1013 ber
Density : ¢ 9982051 kgim?
Dynamic Viscomty : 1 0.0030015% N.gjm?
|| knematcyvscosty: © LOOMEQGS mifs ap [ 001106254 | bar
T P T e e L AH 0.1130 = of fad
@oeraty Oomvx. O vec
1010
7 R e P SR G 49910kgk : P
TN § oG : f o o-tﬂ'*
) B R S e B R S
A Comglementary resdts
E Designaten Symbol Vo unit
Hydrouk dameter Oh ol -
. Cross-sectionsl ares o 10.003881508 m
Reynoids number - Re 90251
Coefficent of effect of the relative elongaton of the secton ... C1 1
12 Coeficent of local resistance Loe 099
[ Coeficent A 12
Roughness comection (Dagram 6-6) Ky 1071124
[ Reynolds number commecton factor (Diagram 6-6) o 109749
mumwmummm) 5 1.33%8
S0 (AR08 0 0 N Hydraudc power oss wh 5531412 w
[ kegt Tempustwe0€) 322 13 Dawcy Friction Factor 3. 0.01507611
: = = Swaight length of equvaient presaure oss Leg 4922743 m

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.3.2 MILLER

I | T,
I. '\'.I‘.
T |

5

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.

Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

o
A=r1.2
3

Mean velocity (m/s):

u="2
A
Mass flow rate (kg/s):
m=Q-p
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Reynolds number:

_U.D
==

Re

Basic resistance coefficient:

K, =f(8] ,
([1] figure 9.9)
Miter bend with circular cross-section
Coefficient of local resistance (K"b)
MILLER - Figure 9.9 (Re = 1e8)
15 T T T T T e —
i .__d-""-'-- i
08 _ e
. #,-f""
.-"j"
044 .
/{
4
0.2 ]
r
& rd 4
i /’z
0.08 rd
206 4 .-"I'r
l_.I'
.04 7
003 A
G2 ,,x"f
B A5
.08 } £ } } -
[+] 20 40 [:2+] BD oo 128
Theta (*)

Reynolds number correction factor:

Co. = Ky
Re — - .
A 020102 ([1] equation 9.2)
with:
Clra=f Re,é |
~ D71 (111 figure 9.3 with r/d=1)
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Miter bend
Reynolds number correction factor (CRe’)
MILLER - Figure 9.3
22 : 3

CRe'

08 4 P

06 - 4

Outlet pipe length correction factor (optional):

c —flLe k)
el g’ f’l

([1] figure 9.4)

Miter bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

— R =010 — R'=015 — RE =020 —— R =025
Kb* >= 1.0

T " - - " T v - v T

03 4 4 I

Laofd

If this option is not activated, the factor Co is equal to unity.
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Darcy friction factor:
! I ~:
f= f:‘ Re,E |

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

—— kD = TE-0b kD =1E05 —— KD =00001 KD =00004
kD = 0.0008 kD = 0.002 kD = 0.006 KD =001
kD =0.02 kD = 0.04
01 vy T T T T
009
oos

oor
006

005

004
0035
0o

002
0018
0016
0014
0012

0014
0009
0008
0007

2z mr 1 10 10° 19 10’
Re
Roughness correction factor:
W 0, < 45:
Cr — f.ﬂ:".';ln
f .. .
e 1 ([1] equation 9.3)
with:

frought Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

H O, > 45:

C, =1

Corrected loss coefficient:

szf{bu'[:ﬂe'[:o'cf

Total pressure loss coefficient (based on the mean velocity in the bend):
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K=K,

Total pressure loss (Pa):

AP =K, -

p-UF

([1] equation 8.1b)

Total head loss of fluid (m):

AH =K, -

UE
2-g

([1] equation 8.1a)

Hydraulic power loss (W):

Wh=aP-Q

Straight length of equivalent pressure loss (m):

L., =K, fi
rough
Symbols, Definitions, SI Units:

D Bend hydraulic diameter (m)
d Bend internal diameter (m)
A Cross-section area (m?)
Q Volume flow rate (m?/s)
U Mean velocity (m/s)
m Mass flow rate (kg/s)
Re Reynolds number ()
b Angle of the bend (°)
Ko Basic loss coefficient ()
Cre Reynolds number correction factor ()
Lo Length of the straight section downstream of the bend (m)
Co Outlet pipe length correction factor ()
k Absolute roughness of walls (m)
f Darcy friction factor for ()
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Cs Roughness correction factor ()

Ko Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)
v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Re > 10%)
o stabilized flow upstream bend
e curvature angle: O - 120°

Example of application:
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[H8 HydrauCalc 2018b - [Miter bend with circular cross-section - MILLER (2nd Ed.)) - *
i Preference: Lakuiation m N0 d  Datadase  locis  Help
N o ﬂ
o] 97_, o
Flud cheracteristcs
Fud: Water @ 18tm ] vl
Ref.: LAPWS 1F97
e
Pressure: P 1013 ber
Density : ¢ 98.2051 gim? ;
Pressure oss
Dynamic Viscosity : 1 0,00300158 N.gjm?
Knematc Vacosty: | LOGMEDS mifs ap [0.0097%377 | bar
ST TR AH 0.0995m of fud
@oeaty Oomvk. O ko Ve
1910
: Pl : " Option: Outiet poe length correction factor
| IS O R e - amwis St L] Ul ot s g comec ey
3 D Q-t L g
Desgnaten Symbol Vol Uit
Hydraulkc dameter s 0,023 "
2 Bosc coeflicent (Rgure 9.9) o* Lz
2 Reyrolds rumber correcton factor (Pgure 9.3) e’ 1.278785
12 Outiet tangent cormection (Fgure 9.4) co 2
Roughness comection cf 1
1072099 74090 €0 10 M8 90 100 Coerected pressure loss coeficent [ 1175996
O kegr Tempeesture () B2 2 mummmhmwm 3 1175086
E - Hydakcpower kss wh 4869689 w
mmammu Lea 43079 m
8

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.3.3 CRANE

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

Model formulation:

Cross-section area (m?):

2
A:,T-d—
4

Mean velocity (m/s):

v=9
A
Mass flow rate (kg/s):

Reynolds number:

_v-d
1|’

Re

Darcy friction factor:
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fr= ) 2
e . 251 ﬂ

P
2.log|
P 37d Re fy

Colebrook-White equation

Darcy Friction Factor
Colebrook-White

——epsld = TEO6 —— opwd= JEUS —— epsid=0

e opld = 0.0004 eps/d = 0.0008 epsid = 0.002

eps/d=0006 —— epsd=001 eps/d = 0.02
eps/d = 0.04

1w’

107

Resistance coefficient for a miter bend:

K=fla,f]
([1] Appendix A-29)
o K K/fr
0 2 fr 2
15 4 fr 4
30 8 fr 8
45 15 f 15
60 25 fr 25
75 40 f+ 40
90 60 f+ 60
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Miter bend
Correction coefficient vs . Angle
CRANE - Appendix A-29

Go T T T Ll LJ T T
50 4-
40 4 -
€ nl
x
/
//
» 4 il
10 4
0 ' i e d { 4 '
0 10 20 » 40 50 60 70 & S0

Total pressure loss coefficient (based on mean velocity in bend):
Kg =K

Total pressure loss (Pa):

aP=k, 2V

Total head loss of fluid (m):

V2
2-g

AH=K, -

Hydraulic power loss (W):
Wh=AP.q

Straight length of equivalent pressure loss (m):

d
Leq :Ks'f—

T
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Symbols, Definitions, SI Units:

d Pipe internal diameter (m)

A Cross-section area (m?)

q Volume flow rate (m3/s)

v Mean velocity (m/s)

w Mass flow rate (kg/s)

Re Reynolds number ()

£ Absolute roughness of walls (m)

fr Darcy friction factor ()

o Angle of bend (°)

K Resistance coefficient for a miter bend ()
Ke Total pressure loss coefficient (based on mean velocity in bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (Re > 10%)
e stabilized flow upstream of the bend
e angle between 0° and 90°

Example of application:
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HydrauCalc 2018b - [Miter bend with circular cross-section - CRANE (1999)) - *

Fud: | Water © 18t P] vl [ heb |
Ref.: LAPWS 197 nfo |

T 5 <

Pressure P 1013 ber

Density : o 98.2051 kg

Dynamic Viscosity : 1 0,00100159 N.gfm?
MWEL_W =iy

@owaty Oomwc. Omnve

w .
7 R e P SR v 40kgls
- ) . . . » » . Q o‘” Lu*
: ==
LR PRRRGEAY PRSI, s e e G
Compiementary resuts
i " Designation Symbol Vol Uit
: Cross-sectonsl ares A 0.003881508 m
: Reyrolds number Re 90251
o Relative roughness o 00001422475
122 Darcy Friction Factor - Colebrook Whvte (. 0.01507611
[ Coeficent ki X1 o
0 Pressure loss coefficent (based on the mean bend veloaty) (3 1144566
Hydraukc power loss wh 4.739583 w
Svaght length of equvalent pressure loss. Leq 428 m

Dt

References:

[1] CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition 1999
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2.2.3.4 Pipe Flow - Guide

& i e
I. '\'.I‘.
i ]

T

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

Model formulation:

Cross-section area (m?):

2
A:,T-d—
4

Mean velocity (m/s):

v=9
A

Mass flow rate (kg/s):
G=Q- Pm

Reynolds number:

V-d
MRe ==~

Total pressure loss coefficient (based on mean velocity in bend):
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K =0.42-sin(a/2)+2.56-(sin(a/2)]

([1] equation 15.5)

Miter bend with circular cross-section
Coefficient of local resistance
Pipe Flow - Guide {2012) - Equation 15.5

5
e
s
20 4 P
i
i
A
e
x 1 ¥
A
i
10 4 ;
/
ra
0s 4 ool
-
T T T e
Ll Fil b1 40 50 B0 - B 50 19¢ 110 130 130 140 150
Alpha (%)

Total pressure loss (Pa):

2
ap-k.LY

Total head loss of fluid (m):

2
A=K~
2

91 (11] equation 3.7)

Hydraulic power loss (W):
Wh=aP-Q

Darcy friction factor:

Colebrook-White equation ([1] equation 3.6)

300



HydrauCalc - 2024a (www.hydraucalc.com)

Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6

———eps/d = TE-UG epsld = TEOS —— eps/d =0 000T
eps/d = 0 0004 eps/d = 0.0008 ops’d = 0.002
eps/d = 0.006 eps/d = 001 eps/d = 002
eps/d = 0.04

009
008
007
006
0.05
004
0035
003

- 0025

002
oots
0016
0014

0012

0014

0009
0008

0.007
0 006

T T

Straight length of equivalent pressure loss (m):

eq

d

L., =K =

FI.'

Symbols, Definitions, SI Units:

d

A
Q
%

(0]

G
NRe

AP
AH

Wh

Leg

Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?3/s)
Mean velocity (m/s)

Angle (°)

Mass flow rate (kg/s)
Reynolds number ()

Total pressure loss coefficient (based on mean velocity in bend) ()
Total pressure loss (Pa)
Total head loss of fluid (m)
Hydraulic power loss (W)
Darcy friction coefficient ()

Straight length of equivalent pressure loss (m)
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Pm Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Nge > 10%)
o stabilized flow upstream of the bend
e angle between 0° and 150°

Example of application:

m HydrauCalc 2018b - [Miter bend with circular cross-section - Pipe Flow - Guide (2012)) - X
File Edt  Pref  Cakulati Database  Tocks

=A% NETRE A%
Qo) ne ot :

Ref.: LAPWS IF97
Temperabure o [T m] o
Pressure @ P 1013 ber
Density : 0 99,2061 kgim?
DmamcViscosty: o 00010035 Ne f @ ' ¢ o+ TEEUEDR
m Kinematc Vscosty : ©  LOOMEQS ms ap [ 0.0099555 | bar
‘ ; < AH 0.1017 = of fad
@omaty Oomvx. O ooV,
~
1000 G 49910kl v
q| 0008 | 1.283ms
wo f..5.. 3
: Comglementary tenits
zm : Designatien Symbol Vol it
= n DR T oty - - . - -
' ! - Reynolds number fe 90251
o Lduliigas Yeidiicd 142 Coefficent of local resistance (Equaton 15.5) K 1202082
: Pressure loss coefficent (based on the mean bend velooty) X 1.202082
m : Hydraukc power loss wh 497775 w
v LSt AT R 2 2 Darcy Friction Factor (Equation 3.6) f 0.01507611
z Gy e Swaght length of equivalent pressure loss Leq 4.429957 m

102 % ‘“ 5 6 T M 0 100
[ kegr Tempeeature (°C) 822

References:

[1] Pipe Flow: A Practical and Comprehensive Guide. Donald C. Rennels and Hobart M. Hudson. (2012)
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2.2.4 Miter Bend - Rectangular cross-section
Miter Bend

Rectangular Cross-Section

For the calculation of the pressure loss coefficient of miter bends with rectangular cross-section,
the user can choose from one of the methods described in the following three reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
e Internal Flow System, 2nd Edition, D.S. Miller

e Pipe Flow - A Practical and Comprehensive Guide - Rennels and Hudson (2012)

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
Pipe Flow - Guide (2012
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2.2.4.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is rectangular and constant. In addition, the flow is assumed fully developed and stabilized a
the entrance bend.

Model formulation:

Hydraulic diameter (m):

_2-a,-b,
a, + b,

D,

([1] diagram 6-7)

Cross-section area (m?):

Mean velocity (m/s):

Q
W, =—
2
Mass flow rate (kg/s):
G=0Q-p

Reynolds number:
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w, -0,
'|_.-"

Re =

Relative roughness:

A=

2
D.Pr

Coefficient of effect of the roughness:

k., =f(Re,A)
1 ([1] diagram 6-6)
_ Re
A 3 4 4
3-10° - 410 > 4-10

0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

Coefficient of effect of the Reynolds number (Re > 10):
k.. =F(Re]

([1] diagram 6-6)

Miter bend
Reynolds number correction factor
IDELCHIK - Diagram 6-6

14 &4

kRe

10 4

09
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Coefficient of effect of the angle:

A=F(J5) _
([1] diagram 6-7)
Miter bend
Coefficient of effect of the angle
IDELCHIK - Diagram B&-7
4 T
3P
hY
AN .

. Y

Angle

Coefficient of effect of the relative elongation of the cross section:

¢ a0 > bo
Cl=f i_ |
([1] diagram 6.7)
4 ao < bo
Cl=f —
([1] diagram 6.7)
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Miter bend
Coefficient of effect of the relative elongation of the section
IDELCHIK - Diagram 6-7

12 y v v v . . v
11 4 -
10 4 -
\
z; 09 4 ;.
08 4 p
07 4
06 L " + b " : 4
'] 1 2 3 * s & 7 8
aolbo
Coefficient of local resistance:
:vj':nc = f [ 5] .
([1] diagram 6-7)
Miter bend

Coefficient of local resistance
IDELCHIK - Diagram B-7

Zeta loc
L
T

Total pressure loss coefficient (based on the mean velocity in the bend):

S=k, ke -C-A- L. ([1] diagram 6-7)

307



HydrauCalc - 2024a (www.hydraucalc.com)

Darcy friction factor:
See Straight Pipe - Rectangular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

i1

. { A
Joie=F Re,— |
I-\. h Jl

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

—— dela/DR = TE-DE — dela/Dh = TE-05  —— deola/Dh = 0.0007
delta’Dh = 0 0004 delta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0006 —— delta/Dh =001 delta’Dh = 0.02
delta/Dh = 0.03 de#ta/Dh = 0.05

0.1 vy T T T T

Lambda

B Correction for Darcy friction factor for noncircular cross-section

4 a0 > bo
k =f(h,/a,)
non—c — 1 ([1] diagramme 2.6)
4 a0 < bo
k. .=fla/b,)
non-—c — 1 (1] diagramme 2.6)

® laminar flow (Re < 2000):
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Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re <= 2000)

IDELCHIK - Diagram 2-6

09 4

o8

B

T T T T T T T T

i s i i i ' I
¥ T U T U 4 U

+

00

o
~

0s

® turbulent flow (Re > 2000):

knon-c

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re > 2000)

IDELCHIK - Diagram 2-6

105 4+

104 4

103 4-

T T T T T T T T

B Darcy friction factor for rectangular cross-section

/i

‘et T

A

-

K

non—-¢

([1] diagram 2.6)

Straight length of equivalent pressure loss (m):
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Total pressure loss (Pa):

oWy
AP=C. =
2

([1] diagram 6-7)

Total head loss of fluid (m):

W,
2-g

AH =C-

Hydraulic power loss (W):
Wh=aP-Q

Symbols, Definitions, SI Units:

ao Rectangular cross-section width (m)
bo Rectangular cross-section height (m)
Dn Bend hydraulic diameter (m)

Fo Cross-sectional area (m?)

Q Volume flow rate (m3/s)

Wo Mean velocity (m/s)

G Mass flow rate (kg/s)

Re Reynolds number ()

A Absolute roughness of walls (m)

A Relative roughness of walls ()

Ka Coefficient that allows for the effect of the roughness ()

Kre Coefficient that allows for the effect of the Reynolds number ()

5 Angle of the bend (°)

A Coefficient that allows for the effect of the angle ()

Ci Coefficient that allows for the effect of the relative elongation of the cross section
0
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AP
AH
Wh
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Coefficient of local resistance ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Darcy friction coefficient for circular cross-section ()

Darcy friction coefficient for rectangular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Straight length of equivalent pressure loss (m)

Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Fluid density (kg/m?*)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

stabilized flow upstream bend

length of the straight section downstream: > 10 Dn
curvature angle: O to 180°

flow regime: Re > 10*

Example of application:
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{8 HydrauCalc 20202 - [Miter bend with rectangulac cross-section - IDELOMIK (3¢d £d.)] - S

_1‘.,_L_\v- Laulaton method Uatadase Jeols  Help

o 4 - 2«/]
Bl e ) 7 S
' Ref.: LAPWS IF97 nfo
> im0 [T
fl Pressure : P 1013 ber
Density : o a8t gk “k_,l
| DynamicVecosity: o 0.00100159 N.sjm? -
.), Knematc Vacosty : v LODIAEDS mis : ; Pressure boss
@ Deraity O Dy visc. Onmnc. i i AP | 0.006225057 | bar

a &nnu i
Complementary rests
Desgnation Symbol Value Unit
Hydraubc dametes oh 0.06666667 m
Passage cross-saction area o 0.008 m*
Sides ratio b0 0.5
Reyroids number Re 6649097
) Coefficent of effect of the relative elongaton of the secton ... €1 0.504
15 Coefficent of local resistance Sie 0.9
[ Coeficent of effect of the angle A 12
Roughness corecton (Diagram 6-6) Ky 1075
2 Reyroids number correction factoe (Disgram 6-6) (. 108039
> 0 2 ” © “ o 'é Pressure loss coefficent (based on the mean bend velooty) 4 LMY :
—— kv Al My ok paomeer ks “h 311259 w
F = 152 Friction factor for cradar cross-secton Gew 00200462 '
5 Correcton factor for rectanguar cross-secton non< 1.0291
J Fricton factor for rectanguiar cross-section hawz 0.0208327
Swaight length of equivalent pressure loss Leq 3.991318 m
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.4.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is rectangular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

An option allows to take info account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

2-b-W
b=
b+W

Cross-section area (m?):

A=b-W]

Mean velocity (m/s):

U=
A

Mass flow rate (kg/s):

m=Q-p
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Reynolds number:

_U-D

1

Re

Basic resistance coefficient:

K, =f(8] ,
([1] figure 9.9)
Miter bend with rectangular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.9 (Re = 1e6)
15 T T T T T ——
T
-___,.-"
[T o
.--""-'
04 x
/ -~
By
/X/
lﬂ /"’
= 0l rd
008 y 4
008 f
04 /;,
.53 /-"'
r
-1, rd
T4
(111 i } } I }
a 20 4 B0 a3 100 130
Theta (%)
Reynolds number correction factor:
Cre = Ky
T OK,-02C',.+02 .
5 = ([1] equation 9.2)
with:
C'.. =f(Re) , .
' ([1] figure 9.3 with r/d=1)
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Miter bend
Reynolds number correction factor (CRe’)
MILLER - Figure 9.3
22 : 3

20 4

CRe'

08 4 P

06 - 4

Outlet pipe length correction factor (optional):

C, =f;‘j,f<;]

([1] figure 9.4)

Miter bend with rectangular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

04

03 f 4 J

If this option is not activated, the factor Co is equal to unity.
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Darcy friction factor:
! I ~:
f= f:‘ Re,E |

See Straight Pipe - Rectanqgular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

—— kD = TE-0b kD =1E05 —— KD =00001 KD =00004
kD = 0.0008 kD = 0.002 kD = 0.006 KD =001
kD =0.02 kD = 0.04
01 vy T T T T
009
oos

oor
006

005

004
0035
0o

- 0028

002
0018
0016
0014
0012

0014
0009
0008
0007

0005 bof

Re

Roughness correction factor:
W 0, < 45:
aI.'

rough
FI.'

smesth | ([1] equation 9.3)

C, =

with:
frough: Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

H O, > 45:

C, =1

Corrected loss coefficient:

szf{bu'[:ﬂe'[:o'cf

([1] equation 9.4)

Total pressure loss coefficient (based on the mean velocity in the bend):
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K=K,

Total pressure loss (Pa):

p-UF

AP =K, -

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH =K, -

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=AP.-Q

Straight length of equivalent pressure loss (m):

D
Ly =Ky —

rough

with:

frough: Darcy friction factor for rough pipe at Re

Symbols, Definitions, SI Units:

w Cross-section height (m)

b Cross-section width (m)

D Hydraulic diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m*/s)

U Mean velocity (m/s)

m Mass flow rate (kg/s)

Re Reynolds number ()

Ob Angle of the bend (°)

Ko~ Basic loss coefficient ()

Cre Reynolds number correction factor ()
Lo Length of the straight section downstream of the bend (m)
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Co Outlet pipe length correction factor ()

k Absolute roughness of walls (m)

f Darcy friction factor for ()

Ct Roughness correction factor ()

Kb Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (Re > 10%)
e stabilized flow upstream bend
e curvature angle: O - 120°

Example of application:
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ﬁmm*m-lwummwmm-mwwl - *
' I—-
o 4 2 =
Flid chavactenistics. Geametrical charactesistcs
Bl e ) = WS Ce ]
‘ Ref.: IAPWS IFO7 Lo
J Temnic TGN
f‘ Pressure P 1013 ber
Density : P 982081 g
| DynamicVecosity: o 0.00100159 N.sjm? -
.), Knematic Vicosity : v LOOJNEDS mijs Pressure ks
| 4p[0:0059914% | bur
; Om Oomiec: Opies AH 0.0612m of fud
""[ Optirs; Outiet pioe length correction factor
W00 Pz s e s nnesmrsroisssnnnrsrdienans » *””m Dm.m-ﬁm.‘“
t\ LONOURE Ghaliel | >=0.7833 'm
CZs| .}
Complementary resuits
] Zu Designation Symbol Valoe Unit
‘“[ ¥ Hydraubc dametes b 0.08666667 m
) | ! o X et o
3 0 Sides ratio wh 0s
Passage cross-secton area A 0.008 m?
(heRes 2 Basic coefficent (Fgure 5.9) e L1073
w JESE Reynolds numbes Re 66440.97
2 Reymolds rumber carection foctor (Figure 9.) e’ 1396922
mmmmmao Co 1
100/ 349 002970 1890 19 Relative roughness ko 0.00035
—rcn DW mm 2 A Roughress comecton cf 1
e et ; Pyl & ‘ '
mumwmuwum X 1.200443
| Hydrauke power ks Yh 2995723 W
- Swaght length of equivalent pressure loss Leq 3.96381 m
hid
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.4.3 Pipe Flow - Guide

Model description:

This model of component calculates the head loss (pressure drop) of a miter bend whose cross-
section is rectangular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the bend.

Model formulation:

Hydraulic diameter (m):

drzz-w-h
w+h

Cross-section area (m?):

Mean velocity (m/s):

v=2
A

Mass flow rate (kg/s):
G=Q- pp

Reynolds number:

V-d,
NF{e:—h

]
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Total pressure loss coefficient (based on mean velocity in bend):

K=0.42-sin(a/2)+2.56-| sin’ (ef2)]

([1] equation 15.5)

Miter bend with rectangular cross-section
Coefficient of local resistance
Fipe Flow - Guide {2012) - Equation 15.5

05 4=

0.0 dperrTiresd i L 1 i |
L] L] L] J L) L] T L] L] L] T J L) T
0 20 L 40 50 &0 [ B 50 100 10 130 130 140 150
Alpha 7}

Total pressure loss (Pa):

2
ap-k 2V

Total head loss of fluid (m):

2
AH=K- L~
2

91 (11] equation 3.7)

Hydraulic power loss (W):
Wh=aP.Q

Darcy friction factor:
1

'2-It:1gl. £ . 2.1
3T, Nee AT |

f=

Colebrook-White equation ([1] equation 3.6)
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Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6

—— ops/dh = TET6 eps/dh = TEOS  —— eps/dh = D.0007
eps/dh = 0.0004 eps/dh = 0.0008 ops/ch = 0.002
eps/dh = 0006 - eps/dh =001 eps/ch = 0.02
eps/dh = 0.04

01 T T
009
008
007
006

0.05
004
0035
003

- 0025

002
oot8
0016
0014

0012

0014 . - 4
0009 - A

0.008 % i .
0.007

0 006 4 . . -

Straight length of equivalent pressure loss (m):

d,
iI.'

L, =K.

Symbols, Definitions, SI Units:

w Rectangular cross-section width (m)
h Rectangular cross-section height (m)
dn Bend hydraulic diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m?3/s)

v Mean velocity (m/s)

o Angle (°)

G Mass flow rate (kg/s)

Nre Reynolds number ()

K Total pressure loss coefficient (based on mean velocity in bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)
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f Darcy friction coefficient ()

Leg Straight length of equivalent pressure loss (m)

Pm Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Ng. > 10%)

o stabilized flow upstream of the bend

e angle between 0° and 150°

e this formulation is for circular passages, but can be reasonably applied to square ducts or to
rectangular ducts of low aspect ratio

Example of application:

{8 HydrauCalc 20202 - [Miter bend with rectangulac cross-section - Pipe Flow - Guide (2012)] - X
File Edt Preferences  Calculation method  Database  Teols  Help
=0 % N4
Flud characteristics oube:
o= fm e A = LA
Ref.: IAPWS IFO7 Info
Temperatire : o | 2 >
- Pressure : 3 1013 b
4 m
Density : o es1 gk w 01 E
Dynamic Viscosity : o 0.00100159 N.sjm? l(
| KnematcVecosty: | LOOJNEDS mifs Presaure ioss
@ ety ODm.vec. O Kkn. Ve AP [ 0005999625 | par
w 19210 AH 0.0613m of fud
1060 G AROkGE v
o[ ows | Ji 1ome
&z — ) e
0
s 2 Comph y resuits
. }m Designation Symbol Value Unit
T Hydraubc dameter & 0.06666667 m
| l Passage cross-section area A 0.008 m:
"0 Sides rato h 0.5
Reynoids number Re 6649097
|42 Coefficent of local resstance (Equaton 15.5) 3 1.202082
! o Pressure loss coefficent (based on the mean bend velooty) K 1,202082
Hydraulc power loss wh 29595812 w
yor s 1) Darcy Fricton Factor (Equation 3.5) f 0.02024362
5 it i L s S¥aight length of equivalent pressure loss Leq 3.958718 m
10 20 30 € % & N 88 0 109
[ segr Temperature (°C) al |
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References:

[1] Pipe Flow: A Practical and Comprehensive Guide. Donald C. Rennels and Hobart M. Hudson. (2012)
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2.2.5 Composite Bend 90° (2 x 45°) - Circular cross-
section

Composite Bend 90° (2 x 45°)

Circular Cross-Section

For the calculation of the pressure loss coefficient of composite bends 90° (2 x 45°) with circular
cross-section, the user can choose from one of the methods described in the following two reference
documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

¢ Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
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2.2.5.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (2 x 45°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized at the entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D’
4

F,=m-

Length measured along the axis (m):

|=4.R,-tg| %.

Mean velocity (m/s):

Q
1"1"r:| = F
a

Mass flow rate (kg/s):
G=0Q-p
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Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

_W,-D,
=

Re

Relative roughness:

Coefficient of effect of the roughness:

A

i —_
k., =f &,Re,.ﬁ
\ D.:.

R

([1] diagram 6.1)

® 0.50 < Ro/Do <0.55

. Re
4 310° - 4-10° > 410°
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

[ Ro/Do > 0.55

327




HydrauCalc - 2024a (www.hydraucalc.com)

. Re
a 310° - 4-10° > 410% - 2-10° > 2:10°
0 1.0 10 10
0 - 0.001 1.0 Ay Aoy 1+10° - A
> 0.001 1.0 20 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10%):

i R
k.. =flRe —2
R !__ JD

\ h

e

([1] diagram 6.1)

Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram &-1 - graph (e)

—_— ] - — B - —

20

kRe

1t 10 1*
Re
Coefficient of local resistance:
. fr. RU )
Sloc = f; E |
L0 ([1] diagram 6.12)
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Coude composite 90* (2 x 45°) a section circulaire
Coefficient de résistance locale
IDELCHIK - Diagram 6-12

o8 T T T T T T T T T
o7 4 : : : : ]
- I e O - S ]
os 4 ]

o

5

= 1

.}

L4

I
o3l ]
3 S S - SRR S SO S S besennoed]
B L RS - : h
B0 I I I | M P T N

o i 2 ] 1 5 ] 7 8 3 10

Darcy friction factor:

{ R
ji=f Re = |
L Dy )

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a = —_—- = - - =
e delta/Dh = 0 0004 deta/Dh = 0.0008 dedta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 deita’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05

o' L] Al T v T
oo ;
oos

007
006
005

004
0035
003

0025

Lambda

002
0018
0016
oo
0002

0014
0009
0008
0007
0005

Pressure loss friction factor:
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Az
D,

:ﬁr:"r"'

([1] diagram 6.12)

Corrected pressure loss coefficient:
W Re > 10* (turbulent flow)

Siudh = k.‘; : r‘I:the = -

([1] diagram 6.12)

B Re < 10* (laminar flow)

om = (S .RE)

=idam

([2] figure 14.31)

where:
Crurs iS The resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1e4)

tARe —Zelalwb=05 Zelatub =1
Zetatwb =5 Zota turb = 10
[ —— T T = - e
N
100 4 R NNy N, E
~—
.
N
\\\ N .
10 N .
£ 2y s S T
s ST
~ "~
<A
] NS
N oz
1+ oo o T -1
s
1 4
001 " 4 I
10 10' W 10 10
Re

Total pressure loss coefficient (based on the mean velocity in the bend):
W Re > 10* (turbulent flow)

S =:"._.'."r.'+=ﬁ'

([1] diagram 6.12)
W Re < 10* (laminar flow)

= +:..,ﬁ-

= = lam

([1] diagram 6.12)

Straight length of equivalent pressure loss (m):
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Total pressure loss (Pa):

AP =

pWy

2

([1] diagram 6.1 - 6.2)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aF-Q

Symbols, Definitions, SI Units:

Dn
Do
Fo
I

Ro
Q

Wo

kRe
(;loc

Bend hydraulic diameter (m)
Bend internal diameter (m)
Cross-sectional area (m?)
Length measured along the axis (m)
Radius of curvature (m)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient of local resistance ()
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A Darcy friction coefficient ()

Cr Pressure loss friction factor ()

Cturb Corrected pressure loss coefficient for Re > 10* ()

Clam Corrected pressure loss coefficient for Re < 10* ()

¢ Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent
note: for laminar flow regime (Re < 10%), the pressure loss coefficient "Ciam" is estimated

o stabilized flow upstream bend
e length of the straight section downstream: > 10 Do

Example of application:
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(U8 HydrauCalc 2021 - [Composite bend 50" {2 x 45%) with circular cross-section - IDELCHIK (3rd Ed) - X

Symbol

oh

L]

RofDo

e

Ky

: Re

EWO‘WMM&N Six

Roughness correction (Diagram 6-1) : Ky

8 amwmmmw By

naaonnnnqrm % Darcy Friction Factor 5.

1 Okor Tomparstere (") Coeffient of fricton resistance Zn
T - Resstance coefficent in turbulent fow (Diagram 6-12) Jurn
Mhm&-ﬂmhmmm <

Hydraukc power loss Wwh

Swaght length of equivalent pressure loss Leg

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

[2] Internal Flow System, Second Edition, D.S. Miller

333



HydrauCalc - 2024a (www.hydraucalc.com)

2.2.5.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (2 x 45°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

D
A=r. 2
3

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

L=4-r-!‘g' %.
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Mass flow rate (kg/s):

G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V.p

Reynolds number:

_U-D
==

Re

Basic resistance coefficient:

1

- ."
K, =f|

o~

([1] figure 9.10)

Composite bend 907 (2 x 45°) with circular cross-section
Coefficient of local resistance
MILLER - Figure 9.10

oA

BT &

e 4+

05 o=

o4 -

K b

03 4
T e e e e S T o

0l 4 . . - . H o

oo b P PR 5 PP P PP S

Reynolds number correction factor:
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C..=f Re,— |

™

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

rd<=1

=15 — nd>=2 |

2
2 ,K,,,-,.,..,...,.....,.,......-4.,.
-

CRe

————p—————r———— v

Er/d>1

f r "i
Cr. =, Re, — |
R= \ 1 d )

mr/d<l1
®r/d>07o0rkK, <04

' r "i
Cr. =f Re, — |
R= L 7 d )

([1] figure 9.3)

([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K" > 0.4)

— KD_

—
=K -02C'.+0.2

with:

{ r
C'o.=f Re — |
=UTd )

Local resistance coefficient:

([1] equation 9.2)

([1] figure 9.3 with r/d=1)
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W Re > 10* (turbulent flow)

K. =K - Ca

L

B Re < 10* (laminar flow)

Ko =1(Kus R _
am =T Karo RO 145 figure 14.31)

where:
Krurb is the resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1ed)
— Riwb = 10 |

[=—— Kb =05 - Klub =T —— Kiurb =5

1000

Klam
/]
f

|
t
|

01
) W 10

Re

Outlet pipe length correction factor (optional):

Emr/d<3

c,=f L K,
\d

" |
/

([1] figure 9.4)
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Smooth bend with circular cross-section
Qutlet pipe length correction (Co)
MILLER - Figure 9.4
— R ==010 — Kb =015 — FEr=0.0 — Kb =045
Kb »>= 1.0
3 = — — T ——T

W otherwise (r/d < 3)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
(on K
i‘=i‘!~.Re,EJr

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

= 1k- — KD = o
kD = 0.0008 K0 = 0002
kD =002 kD =004

A\l A T MAAA § T -

Re

Roughness correction factor:

f
cr - fmugh
ot | ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:
m turbulent flow (Re > 10%):

Kb :Kmm'co'cr

m laminar flow (Re < 10%):
K. =K_, -C, -C,

lam

Total pressure loss coefficient (based on the mean velocity in the bend)
K=K,
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Total pressure loss (Pa):

p-UF

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aAP.-Q

Straight length of equivalent pressure loss (m):
d

Ly =K

rough

Symbols, Definitions, SI Units:
D Bend hydraulic diameter (m)

Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)

Mean velocity (m/s)

- Cc O > a

Length measured along the axis (m)

r Radius of curvature (m)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko~ Basic loss coefficient ()

Cre Reynolds number correction factor ()

Kiww  Local resistance coefficient for Re > 10*()
Kiam Local resistance coefficient for Re < 10*()

Co Outlet pipe length correction factor ()
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Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()

Kb Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent

note: for laminar flow regime (Re < 10%), the pressure loss coefficient “Kian" is estimated

o stabilized flow upstream bend

Example of application:
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ﬁ HydrauCalc 20212 - [Composite bend 507 (2 x 45°) with circular cross-section - MILLER (2nd Ed)) - X
il Prefe Lakculation method  Uatabase cols Fieip
o 7 '
Pl e ) 7 S 3
Ref.: IAPWS IF97 Info | ' " ooms |
- - z 3 u
s» [com0is | e
AM 0,0429 = of fud
-
L : ® 1 Opton: Outiet ppe length correction factor
. *”lﬂhk yiarstewieydsm St ] Use outiet pipe langth correction factor
\ Laqi SUShtiergtiy | >= 1106106 'm
Complementary resuits
Desgnation Symbol Value Unit
Hydraukc dametes o 0.0703 m
Passage ross-saction area A 0.003281508 m
Reladve radhs of curvature rid 2439331
Developed straght length from the axis L 0.2895495 m
12 Bask coefficent (Fgure 5.20) »* 0.3223%03
14 Reynolds number correction factor (Figure 9.3) e 1510147
Coeficent of local resstance Kturd 0.4867974
2 Outet tangent correction (Figure 9.4) co o7
Refative roughness o 0.0001422475
S 0N K0T Roughness correcton cf | L0427
—— ke Fosmparure °C) Reyreids number Re 90251
-E = Carmected pressure koss coeficent o 0.5076154
mu«mwmummm X 0.5076154
J Hydrauke power ks Wh 2.102006 W
| Swaightlength of equivalent pressure loss Leg 1874997 m
R
o
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.6 Composite Bend 90° (3 x 30°) - Circular cross-
section

Composite Bend 90° (3 x 30°)

Circular Cross-Section

For the calculation of the pressure loss coefficient of composite bends 90° (3 x 30°) with circular
cross-section, the user can choose from one of the methods described in the following two reference
documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.}
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2.2.6.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (3 x 30°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized at the entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D’
4

F,=m-

Length measured along the axis (m):

::ﬁﬁ,rg'%}

Mean velocity (m/s):

Q
1"1"r:| = F
a

Mass flow rate (kg/s):
G=0Q-p
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Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

_W,-D,
=

Re

Relative roughness:

Coefficient of effect of the roughness:

A

i —_
k., =f &,Re,.ﬁ
\ D.:.

R

([1] diagram 6.1)

® 0.50 < Ro/Do <0.55

. Re
4 310° - 4-10° > 410°
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

[ Ro/Do > 0.55
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. Re
a 310° - 4-10° > 410% - 2-10° > 2:10°
0 1.0 10 10
0 - 0.001 1.0 Ay Aoy 1+10° - A
> 0.001 1.0 20 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10%):

i R
k.. =flRe —2
R !__ JD

\ h

e

([1] diagram 6.1)

Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram &-1 - graph (e)

—_— ] - — B - —

20

kRe

1t 10 1*
Re
Coefficient of local resistance:
. fr. RU )
Sloc = f; E |
L0 ([1] diagram 6.12)

346




HydrauCalc - 2024a (www.hydraucalc.com)

Coude composite 90* (3 x 30°) a section circulaire
Coefficient de résistance locale
IDELCHIK - Diagram 6-12

o8 T T T T T

BT o F

1 - e SO ]

05 o= -
- ]
5] |
A e e 4
= ]
-
[

03 = B

oz J.

L ¢ e

[+ 2 4 -] a8 =] 12

Ro/Do

Darcy friction factor:

{ R
ji=f Re = |
L Dy )

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a = —_—- = - - =
e delta/Dh = 0 0004 deta/Dh = 0.0008 dedta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 deita’Dh = 0.02
deta/Dh =003 —— delta/Dh = 0.05

o' L] Al T v T
oo ;
oos

007
006
005

004
0035
003

0025

Lambda

002
0018
0016
oo
0002

0014
0009
0008
0007
0005

Pressure loss friction factor:
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Az
D,

:ﬁr:"r"'

([1] diagram 6.12)

Corrected pressure loss coefficient:
W Re > 10* (turbulent flow)

Siudh = k.‘; : r‘I:the = -

([1] diagram 6.12)

B Re < 10* (laminar flow)

om = (S .RE)

=idam

([2] figure 14.31)

where:
Crurs iS The resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1e4)

tARe —Zelalwb=05 Zelatub =1
Zetatwb =5 Zota turb = 10
[ —— T T = - e
N
100 4 R NNy N, E
~—
.
N
\\\ N .
10 N .
£ 2y s S T
s ST
~ "~
<A
] NS
N oz
1+ oo o T -1
s
1 4
001 " 4 I
10 10' W 10 10
Re

Total pressure loss coefficient (based on the mean velocity in the bend):
W Re > 10* (turbulent flow)

S =:"._.'."r.'+=ﬁ'

([1] diagram 6.12)
W Re < 10* (laminar flow)

= +:..,ﬁ-

= = lam

([1] diagram 6.12)

Straight length of equivalent pressure loss (m):
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Total pressure loss (Pa):

AP =

pWy

2

([1] diagram 6.1 - 6.2)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aF-Q

Symbols, Definitions, SI Units:

Dn
Do
Fo
I

Ro
Q

Wo

kRe
(;loc

Bend hydraulic diameter (m)
Bend internal diameter (m)
Cross-sectional area (m?)
Length measured along the axis (m)
Radius of curvature (m)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient of local resistance ()
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A Darcy friction coefficient ()

Cr Pressure loss friction factor ()

Cturb Corrected pressure loss coefficient for Re > 10* ()

Clam Corrected pressure loss coefficient for Re < 10* ()

¢ Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent
note: for laminar flow regime (Re < 10%), the pressure loss coefficient "Ciam" is estimated

o stabilized flow upstream bend
e length of the straight section downstream: > 10 Do

Example of application:
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{8 HydrauCalc 20212 - [Composite bend 50" (3 x 30%) with circular cross-section - IDELCHIK (3rd Ed))) -
%
__oom3
Pressure loss
aP b
AM 0.0274 = of fuid
Symbol Valoe Unit
oh 0.0703 m
1) 0.003881508 m
RofDo 2489331
Y g 0.2813466 ‘m
Ky 0.0001422475
: Re 90251
12 Coeficent of local resistance (Diagram 6-12) ™ 0.1829847
Roughness correction (Dagram 6-1) ; Ky 1.010951
12 Reyolds number comection factor (Diagram 6-1) bm 1.340831
12 Darcy Friction Factor % 0.01907611
Coeffioent of fricton resstance Sn 0.07634421
= Resstance coefficent in turbudent fow (Diagram 6-12) Surn 0,2480385
Pressure loss coefficent (based on the mean bend velooty) < 0.3243827
Hydraukc power loss ‘ wh 134325 w
| Swaightiength of equivalent pressure loss Leq 1.195428 m
3
v

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

[2] Internal Flow System, Second Edition, D.S. Miller
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2.2.6.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (3 x 30°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

D
A=r. 2
3

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

L=6-r-!‘g' %.
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Mass flow rate (kg/s):

G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V.p

Reynolds number:

_U-D
==

Re

Basic resistance coefficient:

1

- ."
K, =f|

o~

([1] figure 9.10)

Composite bend 90° (3 x 30°) with circular cross-section
Coefficient of local resistance
MILLER - Figure 9.10

06 T T T T T T T T T

04 4

03 4

K*b

02 4.

L i 4 ' i i 4 I "
00 $ ¢ $ 4 $ }

Reynolds number correction factor:
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C..=f Re,— |

™

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

rd<=1

=15 — nd>=2 |

2
2 ,K,,,-,.,..,...,.....,.,......-4.,.
-

CRe

————p—————r———— v

Er/d>1

f r "i
Cr. =, Re, — |
R= \ 1 d )

mr/d<l1
®r/d>07o0rkK, <04

' r "i
Cr. =f Re, — |
R= L 7 d )

([1] figure 9.3)

([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K" > 0.4)

— KD_

—
=K -02C'.+0.2

with:

{ r
C'o.=f Re — |
=UTd )

Local resistance coefficient:

([1] equation 9.2)

([1] figure 9.3 with r/d=1)
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W Re > 10* (turbulent flow)

K. =K - Ca

L

B Re < 10* (laminar flow)

Ko =1(Kus R _
am =T Karo RO 145 figure 14.31)

where:
Krurb is the resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1ed)
— Riwb = 10 |

[=—— Kb =05 - Klub =T —— Kiurb =5

1000

Klam
/]
f

|
t
|

01
) W 10

Re

Outlet pipe length correction factor (optional):

Emr/d<3

c,=f L K,
\d

" |
/

([1] figure 9.4)
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Smooth bend with circular cross-section
Qutlet pipe length correction (Co)
MILLER - Figure 9.4
— R ==010 — Kb =015 — FEr=0.0 — Kb =045
Kb »>= 1.0
3 = — — T ——T

W otherwise (r/d < 3)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
(on K
i‘=i‘!~.Re,EJr

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

= 1k- — KD = o
kD = 0.0008 K0 = 0002
kD =002 kD =004

A\l A T MAAA § T -

Re

Roughness correction factor:

f
cr - fmugh
ot | ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:
m turbulent flow (Re > 10%):

Kb :Kmm'co'cr

m laminar flow (Re < 10%):
K. =K_, -C, -C,

lam

Total pressure loss coefficient (based on the mean velocity in the bend)
K=K,
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Total pressure loss (Pa):

p-UF

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aAP.-Q

Straight length of equivalent pressure loss (m):
d

Ly =K

rough

Symbols, Definitions, SI Units:
D Bend hydraulic diameter (m)

Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)

Mean velocity (m/s)

- Cc O > a

Length measured along the axis (m)

r Radius of curvature (m)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko~ Basic loss coefficient ()

Cre Reynolds number correction factor ()

Kiww  Local resistance coefficient for Re > 10*()
Kiam Local resistance coefficient for Re < 10*()

Co Outlet pipe length correction factor ()
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Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()

Kb Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent

note: for laminar flow regime (Re < 10%), the pressure loss coefficient "Kian" is estimated

o stabilized flow upstream bend

Example of application:
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ﬁMwCakZOZ'IJ-lCompoﬂAbdeGxMwiﬂlcicuhrmm-MllERandEdJl - X
i Prefe Lakculation method  Uatabase cols Fieip
p=" 7 '
Fhud chavactenistcs Geometrical characteistics
.‘o Fud: Water © 18t PC] v | heb 5 :
Ref.: IAPWS IFSY lh__“ m
. Pressure oss
AP b
AH 0.0302m of fud
Opon: Outiet ppe length correction factor
- amoies A e
Q 0.008 1.288mfs e m
i
Complementary resuits
Desgnation Symbol Value Unit
Hydraukc dametes o 0.0703 m
Passage cross-saction area A 0.003881508 m
Relatve radus of curvature rid 2489331
Developed straght length from the axis L 0.2813466 m
4 Baskc coefficent (Fgure 5.30) * 0.2268947
122 Reyrolds number correction factor (Fgure 9.3) e 1510147
Coeffioent of local resstance Kturd 0.34264+
2 Outet tangent correction (Figure 9.4) co 7
Refative roughness w0 0.0001422475
¥ 1020 N €% 0N 8 Roughness correction of  L0427S
—— ke Fosmparure °C) Reyreids number Re 90251
mu«mwmummm X 0.3572977
D) Hydraukc power loss Yh 147959 w
| Swaightiength of equivalent pressure loss Leq 1.319763 m
a
o
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.7 Composite Bend 90° (4 x 22.5°) - Circular cross-
section

Composite Bend 90° (4 x 22.5°)

Circular Cross-Section

For the calculation of the pressure loss coefficient of composite bends 90° (4 x 22.5°) with circular
cross-section, the user can choose from one of the methods described in the following two reference
documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.}
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2.2.7.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (4 x 22.5°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized at the entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D’
4

F,=m-

Length measured along the axis (m):

::Esﬂ:.rg'%}

Mean velocity (m/s):

Q
1"1"r:| = F
a

Mass flow rate (kg/s):
G=0Q-p
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Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

_W,-D,
=

Re

Relative roughness:

Coefficient of effect of the roughness:

A

i —_
k., =f &,Re,.ﬁ
\ D.:.

R

([1] diagram 6.1)

® 0.50 < Ro/Do <0.55

. Re
4 310° - 4-10° > 410°
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

[ Ro/Do > 0.55
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. Re
a 310° - 4-10° > 410% - 2-10° > 2:10°
0 1.0 10 10
0 - 0.001 1.0 Ay Aoy 1+10° - A
> 0.001 1.0 20 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10%):

i R
k.. =flRe —2
R !__ JD

\ h

e

([1] diagram 6.1)

Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram &-1 - graph (e)

—_— ] - — B - —

20

kRe

1t 10 1*
Re
Coefficient of local resistance:
. fr. RU )
Sloc = f; E |
L0 ([1] diagram 6.12)
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Composite bend 90° (4 x 22.5%) with circular cross-section
Coefficient of local resistance
IDELCHIK - Diagram 6-12

DI T T T T T T T

o7 4 : : 1

- ]

05 4 ]
- 1
5] ]
L | e et SO e, S S SR S n
L] 1
L4
]

o3t ]

T e O A e O oL ]

B L h

B0 M S st —f———i—1} — =

o 2 F 5 B 10 12 14 15

Darcy friction factor:

{ R
ji=f Re = |
L Dy )

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

a' = J— = 1E- —_— =
e delta/Dh = 0.0004 dekta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh = 0006 —— dekta/Dh =001 delta/Dh = 0.02

deta/Dh =003 —— delta/Dh = 0.05

oo
oos
007

006
005
004
0035
003

0025

Lambda

002
0018
0016
oo
0002

0014
0009
0008
0007
0005

Pressure loss friction factor:
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Az
D,

:ﬁr:"r"'

([1] diagram 6.12)

Corrected pressure loss coefficient:
W Re > 10* (turbulent flow)

Siudh = k.‘; : r‘I:the = -

([1] diagram 6.12)

B Re < 10* (laminar flow)

om = (S .RE)

=idam

([2] figure 14.31)

where:
Crurs iS The resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1e4)

tARe —Zelalwb=05 Zelatub =1
Zetatwb =5 Zota turb = 10
[ —— T T = - e
N
100 4 R NNy N, E
~—
.
N
\\\ N .
10 N .
£ 2y s S T
s ST
~ "~
<A
] NS
N oz
1+ oo o T -1
s
1 4
001 " 4 I
10 10' W 10 10
Re

Total pressure loss coefficient (based on the mean velocity in the bend):
W Re > 10* (turbulent flow)

S =:"._.'."r.'+=ﬁ'

([1] diagram 6.12)
W Re < 10* (laminar flow)

= +:..,ﬁ-

= = lam

([1] diagram 6.12)

Straight length of equivalent pressure loss (m):
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Total pressure loss (Pa):

AP =

pWy

2

([1] diagram 6.1 - 6.2)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aF-Q

Symbols, Definitions, SI Units:

Dn
Do
Fo
I

Ro
Q

Wo

kRe
(;loc

Bend hydraulic diameter (m)
Bend internal diameter (m)
Cross-sectional area (m?)
Length measured along the axis (m)
Radius of curvature (m)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient of local resistance ()
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A Darcy friction coefficient ()

Cr Pressure loss friction factor ()

Cturb Corrected pressure loss coefficient for Re > 10* ()

Clam Corrected pressure loss coefficient for Re < 10* ()

¢ Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent
note: for laminar flow regime (Re < 10%), the pressure loss coefficient "Ciam" is estimated

o stabilized flow upstream bend
e length of the straight section downstream: > 10 Do

Example of application:
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(U8 HydrauCalc 2021 - [Composite bend 50° (4 x 22.57) with circular cross-section - IDELCHIK {3rd Ed)] - X

= [T C

Pressure loss
3p (00012305 | b

AH 0.0196 = of fud
Symbol Vakue Unit
oh 0.0703 m
() 10.003881508 m
RofDo 2489331
i 0.2784773 m
a 0.0001422475
' Re - 90251
[ Coefficent of local resistance (Diagram 6-12) ™ 0.115557
Roughness correcton (Diagram 6-1) : Ky 1010951
: 12 Reyrolds number correction factor (Diagram 6-1) K 1340831
0NN e 8N n ogrm 1% Darcy Fricton Factor a 0.01907511
1 DOeer Fempaatbro 'C) Coefficent of ficson resistance Zn 0,07556561
e —— Resstance coefficent in turbrdent fow (Diagram 6+12) Sun 0.1566393
Mhm&-ﬂmhmmm < 02322049
Hydrauk power ks Wwh 0.961547 w
| Swaghtiength of equvaient pressure loss Leq 0.8557304 m
3
L

References:
[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
[2] Internal Flow System, Second Edition, D.S. Miller
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2.2.7.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of a composite bend 90° (4 x 22.5°)
whose cross-section is circular and constant. In addition, the flow is assumed fully developed and
stabilized upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

D
A=r. 2
3

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

L=8-r-rg'%}
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Mass flow rate (kg/s):

G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V.p

Reynolds number:

_U-D
==

Re

Basic resistance coefficient:

1

- ."
K, =f|

o~

([1] figure 9.10)

Composite bend 90° (4 x 22.5%) with circular cross-section
Coefficient of local resistance
MILLER - Figure 9.10

06

LERE =

o3 4

K b

02 4

oo b P PR 5 PP P PP S

Reynolds number correction factor:

371



HydrauCalc - 2024a (www.hydraucalc.com)

C..=f Re,— |

™

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

rd<=1

=15 — nd>=2 |

2
2 ,K,,,-,.,..,...,.....,.,......-4.,.
-

CRe

————p—————r———— v

Er/d>1

f r "i
Cr. =, Re, — |
R= \ 1 d )

mr/d<l1
®r/d>07o0rkK, <04

' r "i
Cr. =f Re, — |
R= L 7 d )

([1] figure 9.3)

([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K" > 0.4)

— KD_

—
=K -02C'.+0.2

with:

{ r
C'o.=f Re — |
=UTd )

Local resistance coefficient:

([1] equation 9.2)

([1] figure 9.3 with r/d=1)
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W Re > 10* (turbulent flow)

K. =K - Ca

L

B Re < 10* (laminar flow)

Ko =1(Kus R _
am =T Karo RO 145 figure 14.31)

where:
Krurb is the resistance coefficient in turbulent regime for Re = 10*

Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1ed)
— Riwb = 10 |

[=—— Kb =05 - Klub =T —— Kiurb =5

1000

Klam
/]
f

|
t
|

01
) W 10

Re

Outlet pipe length correction factor (optional):

Emr/d<3

c,=f L K,
\d

" |
/

([1] figure 9.4)
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Smooth bend with circular cross-section
Qutlet pipe length correction (Co)
MILLER - Figure 9.4
— R ==010 — Kb =015 — FEr=0.0 — Kb =045
Kb »>= 1.0
3 = — — T ——T

W otherwise (r/d < 3)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
(on K
i‘=i‘!~.Re,EJr

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

= 1k- — KD = o
kD = 0.0008 K0 = 0002
kD =002 kD =004

A\l A T MAAA § T -

Re

Roughness correction factor:

f
cr - fmugh
ot | ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:
m turbulent flow (Re > 10%):

Kb :Kmm'co'cr

m laminar flow (Re < 10%):
K. =K_, -C, -C,

lam

Total pressure loss coefficient (based on the mean velocity in the bend)
K=K,
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Total pressure loss (Pa):

p-UF

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aAP.-Q

Straight length of equivalent pressure loss (m):
d

Ly =K

rough

Symbols, Definitions, SI Units:
D Bend hydraulic diameter (m)

Bend internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?/s)

Mean velocity (m/s)

- Cc O > a

Length measured along the axis (m)

r Radius of curvature (m)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko~ Basic loss coefficient ()

Cre Reynolds number correction factor ()

Kiww  Local resistance coefficient for Re > 10*()
Kiam Local resistance coefficient for Re < 10*()

Co Outlet pipe length correction factor ()
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Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()

Kb Corrected loss coefficient ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent

note: for laminar flow regime (Re < 10%), the pressure loss coefficient “Kian" is estimated

o stabilized flow upstream bend

Example of application:
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(8 HydrauCalc 20212 - [Composite bend 50" (4 x 22.57) with circular cross-section - MILLER (2nd Ed.)) - X
i Prefe Lakulaion method  Uatadbase  icols Help

po 7 '
‘ Flid v actenistics Geometrical characteristics

. !

Fud:  Water & 18t D] v [ heb | 4
Ref.: IAPWS 1F97 o : ~ooms |

Pressure loss

+p (o021 | b

AH 0.0281 = of fiud

Opon: Outiet ppe length correction factor
] Use outiet pipe length correction factor
SUaghthergliy | >= 1378851 m

Vakoe
0.07203
: i
2489301
0.2111133
1510147
0.3188121
7
0.0001422475
el
90251
03324462
0,3324462
1.227963

2§

¥ R
——a [ kg Tomperature ('C)
mu«mwmummm
J Hydraukc power loss

| Swaightiength of equivalent pressure loss

E5~82250888rarc§

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.8 Helical Tube - Circular cross-section
Helical Tube (Coil)

Circular Cross-Section

For the calculation of the pressure loss coefficient of helical tubes with circular cross-section, the
user can choose from one of the methods described in the following four reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
e Internal Flow System, 2nd Edition, D.S. Miller

e CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition
1999

e Pipe Flow - A Practical and Comprehensive Guide - Rennels and Hudson (2012)

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER. (2nd Ed.)
CRAME (1999)
Pipe Flow - Guide (2012])
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2.2.8.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of a helical fube whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized at the
entrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

D
A

F,=m-

Length measured along the axis (m):
I=N-2 7R,

Mean velocity (m/s):

w —E
0 F:I
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F-I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

Friction factor smooth wall:

R, |
D,

{

. |

4y =T Re,
5

([1] diagram 6.2)

Smooth bend with circular cross-section (Ro/Do »>= 3)
Coefficient "lambda el’
IDELCHIK - Diagram 6-2 - graph (a}

Lambda el
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Pressure loss coefficient:

R,
S=00175-(N-360)- 4, —
' D

~1 ([1] diagram 6.2)

Straight length of equivalent pressure loss (m):

Total pressure loss (Pa):

AP =

P'W:Z
2

([1] diagram 6.1 - 6.2)

Total head loss of fluid (m):

Hydraulic power loss (W):

Wh=aF-Q

Symbols, Definitions, SI Units:

Dn
Do
Fo
N
I
Ro
Q

Wo

Hydraulic diameter of the helical tube (m)
Internal diameter of the helical tube (m)
Cross-sectional area (m?)

Number of turns constituting the helical tube ()
Length measured along the axis (m)

Radius of curvature (m)

Volume flow rate (m?3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)
382



HydrauCalc - 2024a (www.hydraucalc.com)

Re Reynolds number ()

el Friction coefficient ()

d Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

o flow regime: 400 < Re < 10°
for Reynolds number 'Re’ lower than 400 or greater than 10°, the coefficient 'Ae' is linearly
extrapolated.

¢ Ro/Do23

¢ hydraulically smooth flow

e stabilized flow upstream bend

Example of application:
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(8 HydrauCalc 2021a - [Melical tube with circular cross-section - IDELCHIK (3rd Ed.)] - *

Fud:  Water € 18 PC] .
Ref.: LAPWS IF97 | o |

Presaure loss
ap[ o | v
AH 1.1560 = of fiud
m
Complementary resuits
Desgnation Symbol Value Unit
Hydraulc dameter oh 0.07% m
Passage cross-saction area () 0.004317865 -
Reladve radhs of cuvatre RofDo B
Developed straght length from the axs s 769911 m
Entemal helical tube volume v 0.1665496 ol
Mass of fid in the helical tube " 16,2508 125
Reyrcklsnumber Re 84595.27
Pressure loss coefficent (based on the mean heical tube vel... S 17.70086
¥ unucunnnrérm Hydraukc power s . h 56.53083 W
i Clewr ~ wewswera’ #5090 Seachtieng®h of eqnalentpresase s tes 724 "
References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.8.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of a helical fube whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the helical tube.

Model formulation:

Cross-section area (m?):
d
4

A=

Mean velocity (m/s):

u=2
A

Length measured along the axis (m):

L = n-+( D) + P

Mass flow rate (kg/s):
G=0Q p

Fluid volume (m?):
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V=A-L

Fluid mass (kg):
M=V p

Reynolds number:

_U.d
»

Re

Local resistance coefficient:

W Re; > 104

o0
Ky=032-Re 0% +0.048- % |

: - ([1]1 Equation 9.8)

L
d,

Helical tube with circular cross-section
Pressure loss coefficient
(di = 0.0500 m) (Re = 100000)
MILLER - Equation 9.8

[— Ua=10 —— Udi= 10 — Udi=20 —— Ldi= 300
Lidi = 500 Udi = 750 L/di = 1000
20 T .4 ¥ T T
15 4[. -
g T _____#___,_,_,——’—:
] "
s -4—! z =3
/ =
0 | :
00 01 02 03 04 0s
di’D . 5
(with di=0.05 m and Re=10°)
W Re; < 10*

K.‘am = f{Kmm,REﬂ

([1] figure 14.31)

where:
K+urb is the local resistance coefficient in turbulent regime (Ks for Re= 10 - equation 9.8)
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Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1ed)

[=—— Kb =05 —— Klub=T1T — Kurb=5 —— Kiwb =10 |
T T T

o1 ¢ ¢ "
10' 1w 10 10
Re

Total pressure loss coefficient (based on the mean velocity in the helical tube)
® furbulent flow (Re > 10%):

K=K,

m laminar flow (Re < 10%):
K=Kiam

Total pressure loss (Pa):

p-U*

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
UZ
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP.Q

Darcy friction factor:
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( k|
f=f Re,—
o

with: k = O (hydraulically smooth tube)

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kWD = 0.02 kD =004

T T T T

kD = 0.006 kD =001

Re

Straight length of equivalent pressure loss (m):

g,
aI.'

[ =K.

Symbols, Definitions, SI Units:

di Helical tube internal diameter (m)
Cross-section area (m?)
Volume flow rate (m?3/s)

Mean velocity (m/s)

v c o >

Pitch of the helical tube (m)

Number of turns constituting the helical tube ()

=

Length measured along the axis (m)

Diameter of curvature of the helical tube (m)

®© o

Mass flow rate (kg/s)
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% Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko Local resistance coefficient for Re=10*()

Kiam Local resistance coefficient for Re < 10*()

K Total pressure loss coefficient (based on the mean velocity in the helical tube) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

f Darcy friction factor ()

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:
e any flow regime: laminar and turbulent

note: for laminar flow regime (Re < 10%), the pressure loss coefficient "Kiam" is estimated

e hydraulically smooth flow
o stabilized flow upstream helical tube

Example of application:
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ﬁ HydrauCalc 20212 - [Melical tube with circular cross-section - MILLER (2nd Ed.)) - X

Fud:  Water € 18 PC] .
Ref.: TAPWS IF97 | o | —

Pressure loss
ap [ oomesist | b
AH 10102 of fud
Complementary resuits
Desgnation Symbol Unit
Hydraulc dameter ] m
Passane cross-secton ares A 000MI7es  mt
Relatve radus of curvatre rid =8
Developed straght length from the axis - L NN m
Entemnal heical tube volume v 0.1666082 i
Mass of fud in the helcal e M 166,309 kg
Ratio ‘a0’ 40 00625 g
Reyroids number Re 84595.27
¥ M 0 N € XN .rérm Em : "m" - h“ m B . . ) s.”
—— e Tompersture ) 212 Pressure loss coefficent (based on the mean hebcal ibe vel.. ¥ 15.46885
 —— S w mh =2 < 2 Y. wh .‘m w
[2DacyFrctonFacke f 0.0185037%
J Swaight length of equivalent pressure loss Lea 6269892 m
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.8.3 CRANE

Model description:

This model of component calculates the head loss (pressure drop) of a helical fube whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the helical tube.

Model formulation:

Cross-section area (m?):

2
A::r-d—
4

Mean velocity (m/s):

v=4

A

Length measured along the axis (m):
L=2-7-r-N

Mass flow rate (kg/s):

Fluid volume (m?):
V=A-L
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Fluid mass (kg):
M =Vol- o,

Reynolds number:

_v-d
=—

Re

Darcy friction factor:

1
fT B { Y 2
L& 2.01
2-10g, +
| 37-d RE-,\IIfT
: Colebrook-White equation
Darcy Friction Factor
Colebrook-White
— = 1E- —— epyd = 1E- — e =
e opa/d = 0 0004 eps/d = 0 0008 eps/d = 0.002
epsid = 0006 —— epsid=001 eps/d = 0.02
: eps/d = 0.04
10 . —
o=
=

107

Resistance coefficient for one 90° smooth bend:

!"r A
K=Ff —Ff
L_d’T}

([1] Appendix A-29)
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r/d K K/fr
1 20 f; 20
15 14 ; 14
2 12 f; 12
3 12 : 12
4 14 + 14
6 17 -+ 17
8 24 f; 24
10 30 30
12 34 f; 34
14 38 f: 38
16 42 ; 42
20 50 f; 50
Smooth bend

Correction coefficient vs . relative radius
CRANE - Appendix A-29

40 4

Total pressure loss coefficient (based on mean velocity in helical tube):

Kg=(n-1) D_EE-:r-fT-%+D_5-K1 <K

{ Y
|
\

([1] Equation 2-20)

with:
n=4.-N;

and:
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Ki=K-F

Smooth bend with circular cross-section
Pressure loss coefficient (fT = 0.02)
CRANE - Appendix A-29

—— Apha(=5 — Apha (=10 — Apha("I=15
e Alpha (*) = 30 Alpha () = 45 Alpha (") = 675
Alpha (')=90 —— Alpha {*) = 120 Alpha (*) = 150
Alpha (*) = 180
10 — - - T
09 ¥
o8 4 o

07 4

06 4

KB

05 4

04 4

03 4

(with fr=0.02)

Total pressure loss (Pa):

ap=k, 2V

Total head loss of fluid (m):

V2
2-g

AH=K, -

Hydraulic power loss (W):
Wh=2aF-q

Straight length of equivalent pressure loss (m):
d

S

L., =

Symbols, Definitions, SI Units:
d Internal diameter of the helical tube (m)
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A Cross-section area (m?)

q Volume flow rate (m3/s)

v Mean velocity (m/s)

N+ Number of turns constituting the helical tube ()
r Radius of curvature (m)

L Length measured along the axis (m)

w Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

€ Absolute roughness of walls (m)

fr Darcy friction factor ()

n Number of 90 ° bends constituting the helical tube ()

Ki Resistance coefficient for one 90° smooth bend ()

Kz Total pressure loss coefficient (based on mean velocity in helical tube) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

Y Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e turbulent flow regime (Re > 10%)

o stabilized flow upstream of the helical tube

¢ relative radius of curvature (r/d) range between 1 and 20
for relative radii 'r/d' between 0.5 and 1 or those greater than 20, the coefficient 'K' is
linearly extrapolated.
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Example of application:

{8 HydrauCalc 2021 - [Melical tube with circular cross-section - CRANE (1999)] - X

1083 ber

Density : (] 998.2051 Igim?
Dynamic Viscosity : o 0.00100159 N.sjm?
Knematic Viscosty : v LOJ3AEDS mifs

@ 0eraity Oo0mvec. O kn v

Symbol
Passage coss-section area A
Relative radus of curvature X
Developed straight length from the axis L
Internal helical tube volume v
Mass of fiusd In the helical tube M
Reynolds number Re
Refative roughness 4]
1 Darcy Friction Factor "
[ Resistance coefficent for one 50° smooth bend K
Coeficent X1 K1
Number of progressive 90 * bends n
5 Coeficent of local resistance (Equaton 2-20) E
Pressure loss coefficent (based on the mean heical tube vel.... E
Hydrauke power loss. wh
Swaght length of equvalent pressure loss Leq

References:

[1] CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 - Edition 1999
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2.2.8.4 Pipe Flow - Guide

Model description:

This model of component calculates the head loss (pressure drop) of a helical fube whose cross-
section is circular and constant. In addition, the flow is assumed fully developed and stabilized
upstream of the helical tube.

Model formulation:

Cross-section area (m?):

2
A::r-d—
4

Mean velocity (m/s):

v=2
A

Length measured along the axis (m):

L=N-\/|2-,T-F' 4+ p?

Mass flow rate (kg/s):
G=0- Pm

Fluid volume (m?):

397



Vol=A-L

HydrauCalc - 2024a (www.hydraucalc.com)

Fluid mass (kg):

Mas = Vol p

Reynolds number:

Nre

*

V.

Relative roughness:

R_r =E

Darcy friction factor:

1
f=
f Y 2
2 I:]g: - 201
373 ey ) N |
Colebrook-White equation ([1] equation 3.6)
Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6
—— epsld= IEO6b —— epsld = TEUS —— epdd=OﬂWV]
e ops/d = 0.0004 eps/d = 0.0008 epsid = 0.002
epsid = 0006 —— eps/d=001 eps/d = 0.02
eps/d = 0.04
0t B '
009
008
007
006
0.05
004
0035
003
.- 0025

002
oot
0016
0014
0012

0014
0009
0008
0.007
0 006

Total pressure loss coefficient (based on mean velocity in helical tube):
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2 2
K=N. f.\/{z"’r'” TP L02+48 f

([1] equation 15.3)

Helical tube with circular cross-section

Pressure loss coefficient

(d = 0,0500 m) (Pas = 0,1000) (f = 0,0200)
Pipe Flow - Guide (2012) - Equation 15.3

— LUd=10 — (AT — d=200 — Ld=
- Lid = 500 Lid = 750 Ld = 1000
50 T v Y T T p—
40 4 -
30 4
x

20 4
10 4
0 * $ ¥

00 01 02 03 04 05

(with d=0.05 m, Pas=0.1 m and f=0.02)

Total pressure loss (Pa):

2
aP=K.LmV

Total head loss of fluid (m):
VZ
2-g

AH=K-

Hydraulic power loss (W):
Wh=aP.Q

Straight length of equivalent pressure loss (m):

d
LE‘Q =K'F

Symbols, Definitions, SI Units:
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d Internal diameter of the helical tube (m)

A Cross-section area (m?)

Q Volume flow rate (m?*/s)

v Mean velocity (m/s)

N Number of turns constituting the helical tube ()
p Pitch of the helical tube (m)

r Radius of curvature (m)

L Length measured along the axis (m)

G Mass flow rate (kg/s)

Vol Fluid volume (m?)

Mas Fluid mass (kg)

Nre Reynolds number ()

R- Relative roughness ()

€ Absolute roughness of walls (m)

f Darcy friction factor ()

K Total pressure loss coefficient (based on mean velocity in helical tube) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)
Wh Hydraulic power loss (W)

Leg Straight length of equivalent pressure loss (m)

Pm  Fluid density (kg/m?)
% Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

e furbulent flow regime (Ng. > 10%)
o stabilized flow upstream of the helical tube

Example of application:
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ﬁMm*mzu-nu&umum:mu:m-m-msm-mmwl bt X

Fi Preferences Calkulabon method  Uatabase  Jools Helg

- ? ol . @- .:'

BN
." Fud:  Water © 18t I<C] ! | Heb | £
Ref.: IAPWS IFS7 | o | b=y
Temperatre : T 20 G 49510 kgfs
7 Ll e ]
Density : ? 938.2061 Igim?

Knematic Viscomty : v LOJ3EDS mifs
@ oeraty Oomvec. O kv

Presoure loss
ap [ oomoszsys |
AH 0.8236 = of fud
Complementary resuts
Desgnation Symbol Value Unit
Paszage coss-section ares A 0.004317865 m:
Relative radus of curvature [ 8 ’
Developed straght length from the aos L 3771238 m
Internal helcal tube volume Yol 0.1666082 m
Mass of fusd in the helcal tube Mas 166.3093 k
Relative roughness. okt 0.0001333333
Ratio 42 afz) 0.0625 “
Rato L W 502.8317 kg
Reynoids number NRet 84595.27
> 100 B 4 0K 0 8010 Relatve roughness Re 0.0001333333
—— kv Tompersture (€) BR:1Q 12 Darcy Fricton Factor (Equaton 3.6) f 0.01926448
S = — 5 Coefiicent of kocal resistance (Equa%on 15.3) x 12619
Pressure loss coefficent (based on the mean heical tube vel.... ¥ 1261199
| Hydraukc power loss ' : Wh %0,31267 w
Straight length of equivalent pressure loss Leq 49,09873 m

References:

[1] Pipe Flow: A Practical and Comprehensive Guide. Donald C. Rennels and Hobart M. Hudson. (2012)
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2.2.9 S-shaped bends (1 plane) - Circular cross-section
S-shaped Bends
(with flow in one plane)

Circular Cross-Section

af

For the calculation of the pressure loss coefficient of S-shaped bends with circular cross-section
(with flow in one plane), the user can choose from one of the methods described in the following two
reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
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2.2.9.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in one
plane) whose cross-section is circular and constant. In addition, the flow is assumed fully developed
and stabilized upstream of the first bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

qu
Foor2
W T 4

Total length measured along the axis (m):

Mean velocity (m/s):

w —E
0 F:,
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

A=
Dy,

B Case of a single bend of relative radius of curvature lower than 3 (Ro/Do < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

-
'R,
k,=f =
D,

I
Re A |
g

([1] diagram 6-1)

® 0.50 < Ro/Do <0.55

. Re
A 3-10° - 4-10° > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

® Ro/Do > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Al A, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

kﬂa—ﬂ Re

?

R,)
D, |

([1] diagram 6-1)

Smooth bend (Re/Do < 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e}

—_— = - —

20

kR#

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Re/Do < 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

[ F S N, R A T AR T N —

A1

06 4

Bl oo asmsssahaadsssschaanans s asaaannssPosaasssss s ssshosnsesns s ssss o6

oo PP P TP P P TP W PP S—

T T T T

4
1] 20 40 -] B 100 15 140 160
Delta (*)

Coefficient of effect of the relative curvature radius:

([1] diagram 6-1)

® 05<Ry/Do<15

Smooth bend (Ro/Do <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)

,2 T T M 3 T v Ll T T L]
.
02 4 4
0.0 ¢ 4 4 4 4 $ 4 4
05 06 07 08 09 10 11 12 13 14 15
Ro/Do

® Ro/Do>15
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Smooth bend (Ro/Do > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

B1

005 4

000

Coefficient of effect of the relative elongation of the cross section:

([1] diagram 6-1)

Reynolds number correction factor that depends on the relative curvature radius:

{ Y
A2 =f h ;
~ 71 ([1] diagram 6-1)
R,/D, | 050-055 |>055-0.70 | >0.70-10 | >1.0-20 >2.0
A2 x 103 40 6.0 40-20 10 0.6
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Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

OO0 -

S000 4 4. 1

4000 4 l.

™~
< ] \
3000 - \
2000 4 \\\\H ]
T,
1000 - ‘\\\‘-\_\___\_\__‘_
o 4
[ 10 15

Re/Da

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)
® 3103 <Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)

B Case of a single bend of relative radius of curvature greater than or equal o 3 (Ro/Do>3) ([1]
diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODO=50-80 RO/DO = 10 - 15 R0 = 20 - 26
RWDO =30 -850 —— RODO =50

o4

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

: ([1] diagram 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance

409



HydrauCalc - 2024a (www.hydraucalc.com)

| 2-7-R,-51360

So=A, = A
= loc - S )
D,

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the S-shaped Bends ([1] diagram 6-18)

Darcy friction factor:

Al
’=fRe—
’ Dy, |

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

al s - &/ 7 oo
delta/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0006 —— delta/Dh =001 delta’Dh = 0.02
deltaDh=003 —— delta/Dh = 0.05
o ! v T Al

Lambda

10’ v;‘ 10
Re
Pressure loss friction factor:
Py D 0175.5. % |, }
\ 0, ) D,
([1] diagram 6-18)

Interaction correction factor:

L, 5 )
D,

A=f

([1] diagram 6-18 graph a)
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S-shaped bends (flow in one plane)

Coefficient "A’
IDELCHIK - Diagram 6-18 - graph (a)
—— Angle=16 —— Angle=30 —— Angle=45 —— Angle =60
Angle = T8 Angle = 90 Angle = 120

T v

T - ™ v T ¥ — " ¥ - -

20

25 o

. T — — i PR §

Total pressure loss coefficient (based on the mean velocity in the bends):

:-F:A' - +:vfr

= oo

([1] diagram 6-18)

Straight length of equivalent pressure loss (m):

Total pressure loss (Pa):

_ - p-w;‘
AP=;. 2%
-T2

([1] diagram 6-18)

Total head loss of fluid (m):

W,"
2-9

AH=C-

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:
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Do
Fo

lel

Ro

Ka
Kre
Al
B1
C1

A2
C loc
7\«el
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Bend hydraulic diameter (m)

Bend internal diameter (m)

Cross-sectional area (m?)

Total length measured along the axis (m)

Straight length between bends (m)

Radius of curvature (m)

Curvature angle of each bend (°)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()
Coefficient that allows for the effect of the Reynolds number ()
Coefficient that allows for the effect of the angle ()
Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()
Coefficient of local resistance ()

Total friction factor with smooth wall ()

Darcy friction coefficient ()

Pressure loss friction factor ()

Interaction correction factor ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Straight length of equivalent pressure loss (m)

Total pressure loss (Pa)

Total head loss of fluid (m)
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Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Do

o relative radius of curvature: greater than or equal to 1 (Ro/Do 2 1)
e curvature angle of one bend: between 0° and 180°

for '8' angles less than 15° the pressure loss coefficient 'C' is estimated by taking into account
an interaction correction factor ‘A’ corresponding to that of an angle of 15°.

for '3' angles greater than 120° the pressure loss coefficient ' is estimated by taking into
account an interaction correction factor ‘A’ corresponding to that of an angle of 120°.

W case of relative radius of curvature: lower than 3 (Ro/Do < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature: greater than or equal to 3 (Ro/Do > 3)

e flow regime: Re > 400

for Reynolds number 'Re’ lower than 400 the coefficient 'Lel' is linearly extrapolated.

Example of application:
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[ HydrauCaic 2023a - [S-shaped bends with circular cross-section (flow in one plane) - IDELCHIK (3rd Ed)) = X
File  Edt  Preferences  Cakculation method  Database ool Hel|
- O [
L I BRE b
Fhud chavactenistcs Geametrical characteristics
Fud:  Water © 18t 0iC] v b _J =
Ref.: IAPWS IFGY
Temperatre : T » Pressure loss
i AP 0.00387%9%  bar
Tt P el A 0,096 m of Aid g
Density : [ 9982061 Igin?
Dynamic Viscosity : 1 0.00300159 N.sjm?
Knematc Viscosty : v LO034EDS mifs RO 0.175
Ooeraty Oo0mvec. O xnvec m
1910 00 0.0703
m
o R R W PO G Vg G 49i0kas
Q 0008
mfs
Complementary resuits
Desgnation Symbol Value Unit
Hydraukc dametes oh 0.07203 m
Passage cross-saction area o 0.003881508 m
Relatve radus of curvature Ro/Do 249301
Length between ebows / hydraulc dameter rato feljon LARNTS
Developed straight length from the aus I 0.6%7787 m
Relatve roughness 3 0.0001422475
Reynolds number Re 90251
1 Darcy Friction Factor Py 0.01507611
Coefiicent of local resstance Cle 0.131306
Coefficent of fricson resistance <3 0.1763193
142 interacion correcton factor (Diagram 6-18) A 1.609457
Pressure loss coefficent (based on the mean bend velooty) (4 0,4631237
Hydraukc power koss : » wh 1938473 w
Straght length of equivalent pressure loss Lea 1725147 m
o

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.9.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in one
plane) whose cross-section is circular and constant. In addition, the flow is assumed fully developed
and stabilized upstream of the first bend.

An option allows to take into account the effect of the straight length at the exit of the second
bend.

Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

o
A=r1.2
T3

Mean velocity (m/s):

U=—
A

Total length measured along the axis (m):
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f a
L=2- E-PI'-!'-—E'J+LS
! 360
Mass flow rate (kg/s):
G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V p

Reynolds number:
_U-D

1

Re

Basic resistance coefficient for one bend:

o
Kb = fl EJ S_[‘.i J
: ([1] figure 9.2)
Smooth bend with cireular cross-section
Coefficient of local resistance (Kb")
MILLER - Figure 9.2 (Re = 1e6)
" |I [] | : I x\ ‘x"ﬂ-\-._
150 ,."III |I .'I I ||| | II || ' II"'%\\‘\ \‘\\xb“}?ﬂ!*t:“
S IANNSSSSS
1:3-;// m{; p, / y e
au‘///l,f“:-.lx :zri// i
wl S
&0 4 /// g
4E 50 4 //// /4/ ,//"
E -n.J %/
30 f’ff;/ _'_‘__,_-o—'—'__‘_‘—*lil;ﬂ
L

# # ——
0% 0& OF DBQ9 1
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Reynolds number correction factor:

C..=f Re,L|
==Y

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3
[—d<=1 =15 — nd>=2 |

22
22 .\.... - - — D S AR
20 4 ~

CRe

Re

Er/d>1

( r
Ce. =F Re, — |
=T d )

([1] figure 9.3)
mr/d<l1
®r/d>07o0rkK, <04
Cas = fl Re,% |
i J ([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K» > 0.4)

Car = Ky
=K, -02C'.+0.2

([1] equation 9.2)

with:

: (pa I
C R= = fReE:

([1] figure 9.3 with r/d=1)

Outlet pipe length correction factor (optional):
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([1] figure 9.4)

Smooth bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

—— Kb =070 Fb =018 —— Fb"=0320 Kb =035
Kb® == 1.0

0.4

03

Loid
Bmr/d<3et6,<100°
c,=f| %,K,; |
i 1 ([1] figure 9.4)

W otherwise (r/d > 3 and/or 0, > 100°)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
I k )
f= f:\ Re,E |

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kWD =0.02 kD = 0.04

T T T T T

kD = 0.006 kD =001

Re
Roughness correction factor:
Cr — f.ﬂ:-'_';u:'
st ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmooth: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10°, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient for the first bend:
Kn' = Kru . cﬂe . cr

([1] equation 9.4)

Corrected loss coefficient for the second bend:

sz = Kbu' CF!E 'Cr 'Co

([1] equation 9.4)

Interaction correction factor:

o

."L
C..=f = _
b-& ) ddl

([1] figure 10.2)
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S-shaped bends (flow in one plane)
Correction factor 'Cb-b’
MILLER - Figure 10.2

[ Wire —— dd=1 —— 1d=2 —— nd=3]
LJ 1

Cb-b

09 4

08 4

06 } + b

Pressure loss coefficient of the two bends:

Kb—f: = [.Kﬁ' +K 2 ]'Cf:-—f-

([1] equation 10.1)

Friction loss coefficient of the straight length between bends:

k-1l
d

([1] equation 8.3)

Total pressure loss coefficient (based on the mean velocity in the bend):
K=K,_,+K;

Straight length of equivalent pressure loss (m):

d

Total pressure loss (Pa):

p-U*

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
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UZ
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:

D Bend hydraulic diameter (m)

d Bend internal diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m3/s)

U Mean velocity (m/s)

Ls Straight length between the two bends (m)
L Total length measured along the axis (m)
r Radius of curvature (m)

Ob Curvature angle of each bend (°)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko Basic loss coefficient of one bend ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor ()

Lo Length of the straight section downstream of the bend (m)
f Darcy friction factor ()

k Absolute roughness of walls (m)

Cs Roughness correction factor ()

Ko1 Corrected loss coefficient for the first bend ()

Kbz Corrected loss coefficient for the second bend ()

Cob-b Interaction correction factor ()

Kb-b Pressure loss coefficient of the two bends ()
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Kt Friction loss coefficient of the straight length between bends ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Re > 10%)
e stabilized flow upstream bend
e relative radius of curvature 'r/d": greater than or egal to 0.5 and lower than or egal to 10

for relative radius of curvature ‘'r/d’ greater than 3, the pressure loss coefficient 'K' is
estimated by taking into account the interaction correction factor 'Cb-b' corresponding to a
relative radius of curvature ‘'r/d’ of value 3.

e curvature angle: between 10° and 180°
the interaction correction factor 'Cb-b' is only applicable for angles '0,' between 70° and 90°,

for angles "0y’ less than 70° or greater than 90°, the pressure loss coefficient 'K’ is estimated
by taking into account the interaction correction factor 'Cb-b" applicable to angles '6y' between
70° and 90°

Example of application:
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(] 20234 - [S-shaped bends with ecular cross-section (fiow in one plane) - MILLER (2nd Ed)) - x

Fud:  Water @ 18t [C) v Hep Info
Temperatre © 2 Pressure loss
—_— AP D.003547327  ber
o P 4013 ber A 0.0362m of Asd O (o
0.178m
Density : ] 998.2051 Igim?
Dynamic Viscosity : ¢ 0.00200159 N.sjm? 0.1 "
Knematc Viscomty :  +  LOJ3MEDS mijs | r 0175
Oberaty ObDmvec. O kn v m
1910 4 0.0M3
m Opton: Outiet ppe length correcton factor
() Use outiet pipe length correction fiactor

STty >= 178332 W

Value Unit
0.0703 m

2489331
LARNTS
0.1540387
1510147

L0765
%0251
0.8270851
04912507

Fricton loss coeffcent of the spacer length ;
Pressure loss coefficient (based on the mean bend velocty)
0| swaghtlength of equivalent pressure loss

1.773663

i;aazgaesegqgi>=§

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.10 S-shaped bends (1 plane) - Rectangular cross-

section
S-shaped Bends
(with flow in one plane)

Rectangular Cross-Section

&

For the calculation of the pressure loss coefficient of S-shaped bends with rectangular cross-section
(with flow in one plane), the user can choose from one of the methods described in the following two
reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER. (2nd Ed.]
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2.2.10.1 IDELCHIK

.

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in one
plane) whose cross-section is rectangular and constant. In addition, the flow is assumed fully
developed and stabilized upstream of the first bend.

Model formulation:

Hydraulic diameter (m):

_2'5‘:'53
a, + b,

D,

([1] diagram 6-1)

Cross-section area (m?):
F,—a,-b

Total length measured along the axis (m):

-j 1
T+

=2 2. 7R, ;
\ P 260

Mean velocity (m/s):

w, _9
a F:l
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

Ao

i
D.Pr

B Case of relative radius of curvature lower than 3 (Ro/bo < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

A

p—

{ _
k,=f R Rex
by

([1] diagram 6-1)

® 0.50 < Ro/bo < 0.55

. Re
A 3-10° - 4-10* > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

® Ro/bo > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Ayl Ay, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

-
: [

ke =f Re,—~
=0 Th

N

([1] diagram 6-1)

Smooth bend (Ro/bo <= 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e)

. —— Rol

20

kRe

T

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Ro/bo <= 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

14 &=
T2 e U Uy« DI g A
10 = =
E T e o DL e e L OO e e e S 4
06 o '
Bl oo asmsssahaadsssschaanans s asaaannssPosaasssss s ssshosnsesns s ssss o6 .
B2 4 ]
oo } ——h —4 4 | —— b — } s
1] 20 40 -] B 100 15 140 160 185
Delta (*)
Coefficient of effect of the relative curvature radius:
=
Bi=f 3=
i My ) .
([1] diagram 6-1)
® 05<Ro/bp<15
Smooth bend (Ro/bo <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)
L] 2 T T T T T T T L] T
04 4 .
02 4 4
0.0 ¢ 4 4 ¢ + + 4 4 $
05 06 o7 na 0% 10 1 12 13 14 15
Rolbo
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] Ro/bo >15

Smooth bend (Ro/bo > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

0.25 .

015 4 N -

005 4 \

0.00 '

B1
/

Coefficient of effect of the relative elongation of the cross section:
4 a0 > bo

C1=F i_
=21 (11] diagram 6-1)
¢ a0 < bo
cl=f 2
71 (11] diagram 6-1)
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Smooth bend
Coefficient of effect of the relative elongation of the section
IDELCHIK - Diagram 6-1 - graph (d)

09 4

08 I 4 4 " 4 I 4
' *

f Y
A2 =f % [
~ 21 ({1] diagram 6-1)
Ro/by | 050-055 |>055-0.70 | »0.70-10 | »>1.0-20 >2.0
A2 x 107 40 6.0 40-20 1.0 0.6
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Smooth bend (Ro/bo < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

GO -
S000 4 4. 1

|
aoon 3.

o \
< ] Y
3000 - \
0 4 \‘\ -
] \\H
1000 - NH\"H__

1]
Rolbo

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)

® 3-10° < Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)
B Case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3) ([1] diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODA=50-80 ROMDO = 10 - 15 RO = 20 - 26
RWDO=30-50 —— RODO =50

04

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

' ([1] diagramme 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance
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C2.71-R,-5/360
Cope =g — A ) D

h

with:

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the S-shaped Bends ([1] diagram 6-18)

Darcy friction factor:
See Straight Pipe - Rectangular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

) ( A
Acic =T Re,— |
\ h
Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
dola/Dh = TE-06 dea/Dh = TE-05 —— dola/Oh = 0.0001
delta/Dh = 0. 0004 doRta/Dh = 0.0008 dedta/Oh = 0.002
delta/Dh = 0006 —— dela/Dh =001 delta’Dh = 0.02
delta/Dh = 0 03 delta/Dh = 0.05
01 or T T : :
(R
oo

007
006
005
004
0035
003

0025

Lambda

002
0018
0016
00e
0012

001 4
0009
0008
0007
0005 ko 4 } ; 4

Re

B Correction for Darcy friction factor for noncircular cross-section

4 a0 > bo
k =f(b /a,)
| (111 diagram 2-6)
4 ao < bo
k =fla,/b,)
| (111 diagram 2-6)
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® |aminar flow (Re < 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-6

T T T . T T T T T
14 4 -
il ]
12 4 -

b 4

c

g

= 11 4 N
10 4
09 4
08 D

o0 0t 02 03 04 0s 086 07 og 0s 10

® turbulent flow (Re > 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-6

'
110 T T T T T T T T T

109 4 ]
108 4 3
107 & 3
106 4- 3

b 4

S ws i . 3

c

-

104 4 : ]
o 4 . ‘ ]
102 L ]
10 & ]
100 } } } : 4 } } 4 "
00 01 02 03 04 05 05 07 08 09 10
b0/a0

B Darcy friction factor for rectangular cross-section

T~k
frea = fore Mrene ([1] diagram 2-6)
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Pressure loss friction factor:

R, | |
Cp=4-12-00175.5. =% |+-2
D, ) DJ

([1] diagram 6-18)

Interaction correction factor:

i |
a-flle 5]
D, )

([1] diagram 6-18 graph a)

S-shaped bends (flow in one plane)

Coefficient "A’
IDELCHIK - Diagram 6-18 - graph (a)
—— Angle=16 —— Angle=30 —— Angle=45 —— Angle =60
Angle = T8 Angle = 90 Angle = 120

1111111111

20 4

05 o=/

00 1 —

Total pressure loss coefficient (based on the mean velocity in the bends):

:-F:A' - +:vfr

= oo

([1] diagram 6-18)

Total pressure loss (Pa):

aP=;. 20 -;f.;.
([1] diagram 6-18)

Total head loss of fluid (m):

W~
2-g

AH =C-
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Hydraulic power loss (W):

Wh=aF-Q

Straight length of equivalent pressure loss (m):

Symbols, Definitions, SI Units:

ao
bo
Dn
Fo
I

Ro

Ka
Kre
Al
B1
C1

A2

C'loc

Rectangular cross-section width (m)
Rectangular cross-section height (m)
Bend hydraulic diameter (m)
Cross-sectional area (m?)

Total length measured along the axis (m)
Radius of curvature (m)

Curvature angle of each bend (°)
Volume flow rate (m?/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()

Coefficient of local resistance ()
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xr‘ec’r

xel

Cfr‘

AP
AH
Wh
Leq
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Darcy friction coefficient for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Darcy friction coefficient for rectangular cross-section ()

Friction coefficient ()

Pressure loss friction factor ()

Interaction correction factor ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Straight length of equivalent pressure loss (m)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Dy

¢ relative radius of curvature: greater than or equal to 1 (Ro/bo > 1)
e curvature angle of one bend: between 0° and 180°

for '8’ angles less than 15° the pressure loss coefficient 'C' is estimated by taking into account

an interaction correction factor ‘A’ corresponding to that of an angle of 15°.

for '3' angles greater than 120° the pressure loss coefficient 'C' is estimated by taking into

account an interaction correction factor ‘A’ corresponding to that of an angle of 120°.

B case of relative radius of curvature: lower than 3 (Ro/bo < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature: greater than or equal to 3 (Ro/bo > 3)
o flow regime: 500 < Re < 38:10°

for Reynolds number 'Re’ lower than 500 or greater than 38:10°, the coefficient 'L’ is

linearly extrapolated.
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Example of application:

(I8 HydrauCale 20232 - [S-shaped bends with quiar cross-section (flow in one plane) - IDELCHIK (3rd Ed.)] - x
B e o e - o i
Ref.: IAPWS IFS7
Temperatre © T 20 Pressure loss
i oo AP 0.001305047 ber
oo P edadl A 0.0184 m of Auid
Density g 938.2061 Igm?
Dynamic Viscosity : 1 0.00100159 N.sjm®
Knematc Viscesty : v LOJSAEDS mijs
RO OIS —
Ooeraty Oo0mvec. O knvisc &
10w v
1000 L G 49910kyls
q 0008
w ..., 3 mfs
; : Designation Symbol Ve Unit
I PR LR LR LT OO
Lo Hydraubc dametes oh 0.06666667 m
! I Passage cross-section area r 0.008 m:
0 AP0 Sides ratio bo/ed 0.8
s Relative radus of curveture ROBO 35
ae Length between ebows / hydrauk: dameter rato kelon Ls
0 Py Relative roughness a 0.00015
? Reynolds number Re 66440.97
Friction facter for rectangular cross-section Juwcs 0.0208327
142 Fricton factor (Disgram 6-2) ot 0.04368597
15 Darcy fricson factor (rydrauicaly smooth ppe) £ 0.01962496
{5 interacton correction factor (Didgram 6-18) A 1.59868
Pressure loss coefficent (based on the mean bend velooty) 4 0.3616582
Hydrauic power koss wh 0.9025233 w
S¥aght length of equvalent pressure loss Lea 1157341 m
L)

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

438




HydrauCalc - 2024a (www.hydraucalc.com)

2.2.10.2 MILLER

.

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in one
plane) whose cross-section is rectangular and constant. In addition, the flow is assumed fully
developed and stabilized upstream of the first bend.

An option allows to take into account the effect of the straight length at the exit of the second
bend.

Model formulation:

Hydraulic diameter (m):

2-b-W
D=
b+W

([1] equation 9.5)

Cross-section area (m?):

A=b-W]|

Mean velocity (m/s):

U=—
A

Total length measured along the axis (m):
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| =

L=2.2.7r- % .:+L
| 36

Mass flow rate (kg/s):
G=0Q p

Fluid volume (m?):

Fluid mass (kg):
M=V-p

Reynolds number:

_U-D
===

Re

([1] equation 9.6)

Basic resistance coefficient:

Ko=f L g
=MW

([1] figures 9.6 - 9.7 - 9.8)

B Sides ratio b/W =05
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Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)

MILLER - Figure 9.6 (Re = 1e6 & Sides ratio (b/W) = 0.5)

]

:I%

Theta

2.8
. ]

B Sides ratio b/W =1

Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.7 (Re = 1e6 & Sides ratio (b/W) = 1)

Theta

} ¥
05 06 07 0809 1 15 2 3 4 5 § 7 8 %%

B Sides ratio b/W = 2
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Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.8 (Re = 1e6 & Sides ratio (b/W) = 2)

TTTT T T7 7
150 [ | [ e o,
{1 f f:f f/f _-"r S
7 Y I N Y T Taim
120 S aee— S
b S LSS —— ~— T
Wit / F r — s e o
F g 4 f f 7 r —i Y g iy S
50 / B L R A I A — e e -
NN/
B0 Ao L od il o o —
7SS o B e —~ —
T0 4 ; y i d./ e -~ T oS T,
-, —
wl A A i — T
- P _/‘__, //// ey T el --.\_\__\_ e
A ,/_z/ﬁ_z__,/ o~ e T — S, e
[} = [ __z/__,ﬁ__:’_,./_,. T B "
’ e — - —
] By s T st
£ 404 __/sz‘::", - e — —
= :f}.: e .—""-'.--"':.___.-"’- e ol T — -\--""--\._\_\_
e 5 e — e o
e o T o ™
L o . - —
30 #;’f’(_z z"/_,.-"'-' _'_'_,_.o—"__ 'w'\—\__ -\-\-\-\""\-\._ T, -
o ; — -
- /"-__,z"'f ..-"'a — i) o H“""\--._ T S
/ # e o . e,
Ly /‘f o TR e -H"'-\-\._\_
s e e e
20 4 ’ — — e,
/ // e x'“‘m,,_ e
s 1" T s
15 // o — e -y
- — e -
- - Sy
-H'\-\. -
/ // T H"‘HH‘
S
10 L R T 1 ' L
@% 06 07 08 0% 1 15 2 3 4 5 & 7 B 9w
W

([1] figure 9.8)

For any sides ratio 'b/W' between 0.5 and 2, the coefficient Ky~ is obtained by curvilinear
interpolation between the values of Ky calculated for aspect ratios of 0.5, 1 and 2.

Reynolds number correction factor:

(oo ]
Ca. =f| Re. 77 |

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

[— W<=T —— W=15 — W>=2]
22

T T

20 4+

CRe
-
s
T

10 4

08 4 : -

06

e
S, +
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mr/W>1

o
D!

C.. =f|Re,

([1] figure 9.3)

mr/W<l1
®r/W>07o0rkK <04

Fo

Cee=f|Re. 5|

([1] figure 9.3 with r/W=1)

® otherwise (r/W < 0.7 and Ky > 0.4)
~ KH_

I:_F' = D
=K -02C'.+0.2

([1] equation 9.2)

with:

P

C'..=f Re.— |
==1"%D)

([1] figure 9.3 with r/W=1)

Outlet pipe length correction factor (optional):

B correction factor for circular cross-section
® 0, < 100°

([1] figure 9.4)
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Miter bend with rectangular cross-section
Qutlet pipe length correction (Co)

MILLER - Figure 9.4
—— R =010 Fbr=01% — K" =020 Fb" =025
Kb* == 1,0
3 v T T T
e :.ll.. - o — —
e O e T e o e
ol | g T
6 .'\-.-i P_,..-'/-’
"
’ ]# 1 4 L 'l=:" .E::l :,-:;" w
La/D
® 0, > 100°
C,=1 .
(negligible effect)
B correction factor for rectangular cross-section
® b/W < 0.7 and Lo/D > 1
1-C,
C,=1- g
or 2
® b/W>1andLo/D<1
415<r/W<3
Cor =2

®r/W<150rr/W=>3
C.o=C

ar

aQ

® otherwise

C.. =C

o

If this option is not activated, the factors C, and Co are equal to unity.
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Darcy friction factor:
! I ~:
f= f:‘ Re,E |

See Straight Pipe - Rectanqular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kD =0.02 kD = 0.04

T T T T T

kD = 0.006 kD =001

Re
Roughness correction factor:
Cr — f.ﬂ:-'_';u:'
st ([1] equation 9.3)
with:

frought Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient for the first bend:

Kn' = Kn_ ) [:Re ) Gr

([1] equation 9.4)

Corrected loss coefficient for the second bend:

sz = K.bu' cﬂs 'cr 'CD

([1] equation 9.4)
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Interaction correction factor:
Lr
Co. = f; N J
VDD

|

B Aspect ratio b/W < 0.7

U-shaped bends (flow in one plane)
Correction factor 'Cb-b’
MILLER - Figure 10.4

— D = 9) —— O =1 — D =g
— (" L

Cb-b

40

([1] figure 10.4)
B Aspect ratio 0.7 <b/W <15
S-shaped bends (flow in one plane)
Correction factor 'Cb-b’
MILLER - Figure 10.2
— D = 9) — D=1 — 0=
— 1 L
13 v T T
Q
8
e 4 + +
0 10 20 » 40
t» ([1] figure 10.2)
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B Aspect ratio b/W > 15

S-shaped bends (flow in one plane)
Correction factor 'Cb-b*
MILLER - Figure 10.2

— D = (Mitre) =7 D=2
— D=3 o .

13— Y ———— — - -9

Cb-b
\

cn«\ / 1

) . 4 s
o6 : ‘ .

Ls/D

([1] figure 10.2)

Pressure loss coefficient of the two bends:
B Aspect ratio b/W < 0.7

1-C, |

Koo = Ky + K2 )| 1=

B Aspect ratio b/W>0.7
K, =K. +K,.]-C,,

Friction loss coefficient of the straight length between bends:
LS
D ([1] equation 8.3)

Kf = fﬂ:u;ﬂ.‘ .

Total pressure loss coefficient (based on the mean velocity in the bend):
K=K,,+K;

Total pressure loss (Pa):
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ap—k. 2V

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh =aP-Q

Straight length of equivalent pressure loss (m):
0

L, =K

rough

Symbols, Definitions, SI Units:
w Cross-section height (m)

Cross-section width (m)
Bend hydraulic diameter (m)
Cross-section area (m?)

b
D
A
Q Volume flow rate (m?/s)
G Mass flow rate (kg/s)
U

Mean velocity (m/s)

Ls Straight length between the two bends (m)
L Total length measured along the axis (m)

r Radius of curvature (m)

Ob Curvature angle of each bend (°)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko™ Basic loss coefficient ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor for circular cross-section ()
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Cor Outlet pipe length correction factor for rectangular cross-section ()
Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()

K1 Corrected loss coefficient for the first bend ()

Kbz Corrected loss coefficient for the second bend ()

Co-b Interaction correction factor ()

Ko-b Pressure loss coefficient of the two bends ()

Ks Friction loss coefficient of the straight length between bends ()
K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:

turbulent flow regime (Re > 10%)

stabilized flow upstream bend

radius of curvature / hydraulic diameter ratio 'r/D": greater than or egal o 0.5 and lower than
or egal to 10

for ratio 'r/D' greater than 3, the pressure loss coefficient 'K' is estimated by taking into
account the interaction correction factor 'Cb-b" corresponding to a ratio 'r/D" of value 3.

curvature angle: between 10° and 180°
the interaction correction factor 'Cb-b' is applicable for angles 'y’ between 70° and 90°.

for angles '0y' less than 70° or greater than 90°, the pressure loss coefficient 'K' is estimated
by taking into account the interaction factor coefficient 'Cb-b" applicable to angles 6y’
between 70° and 90°
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e relative radius of curvature 'r/W' between 0.5 and 10
e sides ratio 'b/W': between 0.5 and 2
note: for any sides ratio 'b/W' less than 0.5, the resistance coefficients K»~ are obtained by
linear extrapolation from the values of Ky calculated for sides ratios of 0.5 and 1.
for any sides ratio 'b/W' greater than 0.5 and 2, the resistance coefficients Ky are
obtained by linear extrapolation from the values of Ky calculated for sides ratios of 1
and 2.

Example of application:

ﬁgHyduuCok 2023a - [S-shaped bends with rectangular cross-section (flow in one plane) - MILLER (2nd Ed)) - X
File Edt Preferences Cakculation method Database  Teols Help
~ -t
=0 NEDN W e
Fhud char aCteristes Geometrcal characterisics
@ Fud: Water © 1atm jiC] v Help Info
Ref.: IAPWS IFGY
Temperahre ; : i o Pressure loss
y s . ks 0.0010330- She
l? pochds P 1053 L A4 0.0197 m of fuud
Density : P 993.2061 Igim?
Dynamic Viscosity : o 0.00200159 N.sjm?
] Knematic Vecosty : v LOOSAEDS mijs
r 0.175 .
ODersity ODmvec. O knvisc e 5/
r? 1910 - 2 90°¢ 3¢5
o) Pt SN LR LSO A L LS = 49910 kp/s é - 1.94585
o~ NG § Q0™ A yomp ' -
T R e e N noy | (rubdeny
. - i RGN Complementary resuts
i — | Designation Symbal Value Unit
- ¥ Hydraubc dameter b 0.06666667 m
! Paszage cross-secton area A 0.008 m?
0 Relative radus of arvature rw s
Length between ebows [ hydraulc dameter rato 50 15
) Developed straight kength from the axis L 0.274393 m
\ P [ Bask coefficent (Figures 9.6 9.75.8) K 0.127294
. |5 Reynolds number correction factor (Fgure 9.3) CRe 1585444
[+ Outiet tangent correction (Figure 9.4) co 1
: et S Corrected coeficent Co for rectangular cross-section Cor 1
02N 600N 8 W0 Reynoids number Re 66440.97
—— Okgr Tempreature ('€) B2 {4 Interacion correcton factor (Figure 10.2) S 0.85319
i Pressure loss coefficent of the two bends b 0.3567045
Fricton loss coefficent of the spacer length ! 0.03028508
M Pressure loss coefficent (based on the mean bend velocty) K 0.356989%
| Hydrauk power ks wh 0.9657381 w
0] Swachtiencth of eauvaent presare loss = 12772 -

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.11 S-shaped bends (2 planes) - Circular cross-section
S-shaped Bends
(with flow in two perpendicular planes)

Circular Cross-Section

Qf

For the calculation of the pressure loss coefficient of S-shaped bends with circular cross-section
(with flow in two perpendicular planes), the user can choose from one of the methods described in
the following two reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
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2.2.11.1 IDELCHIK

o

&

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in two
perpendicular planes) whose cross-section is circular and constant. In addition, the flow is assumed
fully developed and stabilized upstream of the first bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

qu
Foor2
W T 4

Total length measured along the axis (m):

Mean velocity (m/s):

w —E
0 F:,
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

A=
Dy,

B Case of a single bend of relative radius of curvature lower than 3 (Ro/Do < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

-
'R,
k,=f =
D,

I
Re A |
g

([1] diagram 6-1)

® 0.50 < Ro/Do <0.55

. Re
A 3-10° - 4-10° > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

® Ro/Do > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Al A, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

kﬂa—ﬂ Re

?

R,)
D, |

([1] diagram 6-1)

Smooth bend (Re/Do < 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e}

—_— = - —

20

kR#

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Re/Do < 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

[ F S N, R A T AR T N —

A1

06 4

Bl oo asmsssahaadsssschaanans s asaaannssPosaasssss s ssshosnsesns s ssss o6

oo PP P TP P P TP W PP S—

T T T T

4
1] 20 40 -] B 100 15 140 160
Delta (*)

Coefficient of effect of the relative curvature radius:

([1] diagram 6-1)

® 05<Ry/Do<15

Smooth bend (Ro/Do <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)

,2 T T M 3 T v Ll T T L]
.
02 4 4
0.0 ¢ 4 4 4 4 $ 4 4
05 06 07 08 09 10 11 12 13 14 15
Ro/Do

® Ro/Do>15
455



HydrauCalc - 2024a (www.hydraucalc.com)

Smooth bend (Ro/Do > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

B1

005 4

000

Coefficient of effect of the relative elongation of the cross section:

([1] diagram 6-1)

Reynolds number correction factor that depends on the relative curvature radius:

{ Y
A2 =f h ;
~ 71 ([1] diagram 6-1)
R,/D, | 050-055 |>055-0.70 | >0.70-10 | >1.0-20 >2.0
A2 x 103 40 6.0 40-20 10 0.6
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Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

OO0 -

S000 4 4. 1

4000 4 l.

™~
< ] \
3000 - \
2000 4 \\\\H ]
T,
1000 - ‘\\\‘-\_\___\_\__‘_
o 4
[ 10 15

Re/Da

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)
® 3103 <Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)

B Case of a single bend of relative radius of curvature greater than or equal o 3 (Ro/Do>3) ([1]
diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODO=50-80 RO/DO = 10 - 15 R0 = 20 - 26
RWDO =30 -850 —— RODO =50

o4

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

: ([1] diagram 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance
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] 2. 7R -5/360

:Ibczl:.’i‘ﬂ_"‘s] Dh

with:
As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the S-shaped Bends ([1] diagram 6-19)

Darcy friction factor:

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

— aDh = 1E- — =1E- pm— aDh =
delta/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh =001 delta’Dh = 0.02
deltaDh=003 —— delta/Dh = 0.05
o ! v T Al

Lambda

Re

Pressure loss friction factor:

R\ |
So=4-12.00175.5- 2 |+ ¢
=1r :t. Dh; Dh:|

([1] diagram 6-19)

Coefficient of correction:

{ 1 \

4 el - !
L0

\ Dh )

A=f

([1] diagram 6-19 graph a)
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S-shaped bends (flow in two perpendicular planes)
Correction factor "A’
IDELCHIK - Diagram 6-19 - graph (a)

[ Ange=50 — Angle=W)

——

20 4

Total pressure loss coefficient (based on the mean velocity in the bends):

:-F:A' - +:vfr

= oo

([1] diagram 6-19)

Straight length of equivalent pressure loss (m):

Total pressure loss (Pa):

_ . 2 -H.-’.;.z
AP=;. 2%
-T2

([1] diagram 6-19)

Total head loss of fluid (m):

W,"
2-9

AH =7

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:
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Fo

lel

Ro

Kre
Al
B1
C1

A2
C loc
7\«el
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Bend hydraulic diameter (m)

Bend internal diameter (m)

Cross-sectional area (m?)

Total length measured along the axis (m)

Straight length between bends (m)

Radius of curvature (m)

Curvature angle of each bend (°)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()
Coefficient that allows for the effect of the Reynolds number ()
Coefficient that allows for the effect of the angle ()
Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()
Coefficient of local resistance ()

Total friction factor with smooth wall ()

Darcy friction coefficient ()

Pressure loss friction factor ()

Coefficient of correction ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Straight length of equivalent pressure loss (m)

Total pressure loss (Pa)

Total head loss of fluid (m)
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Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Do

o relative radius of curvature: greater than or equal to 1 (Ro/Do 2 1)
e curvature angle of one bend: O to 180°

for '8' angles less than 60° the pressure loss coefficient 'C' is estimated by taking into account
an interaction correction factor ‘A’ corresponding to that of an angle of 60°.

for '3' angles greater than 90° the pressure loss coefficient 'C' is estimated by taking into
account an interaction correction factor ‘A’ corresponding to that of an angle of 90°.

W case of relative radius of curvature lower than 3 (Ro/Do < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature greater than or equal to 3 (Ro/Do > 3)

e flow regime: Re > 400

for Reynolds number 'Re’ lower than 400 the coefficient ‘Lo’ is linearly extrapolated.

Example of application:
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[ 20232 - [S-shaped bends with Grcular cross-section (flow in two perpendiculac planes) - IDELCHIX (3rd Ed)]

Cakculation method  Uatadase 005, it

Geometrical char cteristics
Fud: Water © 18t (<) - b _J =
Ref.: LAPWSIF97 o
it M H - AP 0.00400507t  ber
SINare - P 1013 ber AH 0.0%09 m of flud

Density : 4 9982061 Igin?
Dynamic Viscosity :  w 0.00100159 N.sjm? RO 0.17%
Knematc Viscomty :  «  LOOJWEDS mijs | "

Ooeraty Oo0mvec. O xnvec 00 00703

<
142 Inberaction correcsion factor (Diagram 6-19) A
Pressure loss coefficent (based on the mean bend velooty) (4
Hydraukc power koss wh

13§

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.11.2 MILLER

P

Sl
Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow
in two perpendicular planes) whose cross-section is circular and constant. In addition, the flow is
assumed fully developed and stabilized upstream of the first bend.

An option allows to take into account the effect of the straight length at the exit of the second
bend.

Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

o
A=r1.2
T3

Mean velocity (m/s):

U=—
A

Total length measured along the axis (m):
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f a
L=2- E-PI'-!'-—E'J+LS
! 360
Mass flow rate (kg/s):
G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V p

Reynolds number:
_U-D

1

Re

Basic resistance coefficient for one bend:

o
Kb = fl EJ S_[‘.i J
: ([1] figure 9.2)
Smooth bend with cireular cross-section
Coefficient of local resistance (Kb")
MILLER - Figure 9.2 (Re = 1e6)
" |I [] | : I x\ ‘x"ﬂ-\-._
150 ,."III |I .'I I ||| | II || ' II"'%\\‘\ \‘\\xb“}?ﬂ!*t:“
S IANNSSSSS
1:3-;// m{; p, / y e
au‘///l,f“:-.lx :zri// i
wl S
&0 4 /// g
4E 50 4 //// /4/ ,//"
E -n.J %/
30 f’ff;/ _'_‘__,_-o—'—'__‘_‘—*lil;ﬂ
L

# # ——
0% 0& OF DBQ9 1
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Reynolds number correction factor:

C..=f Re,L|
==Y

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3
[—d<=1 =15 — nd>=2 |

22
22 .\.... - - — D S AR
20 4 ~

CRe

Re

Er/d>1

( r
Ce. =F Re, — |
=T d )

([1] figure 9.3)
mr/d<l1
®r/d>07o0rkK, <04
Cas = fl Re,% |
i J ([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K» > 0.4)

Car = Ky
=K, -02C'.+0.2

([1] equation 9.2)

with:

: (pa I
C R= = fReE:

([1] figure 9.3 with r/d=1)

Outlet pipe length correction factor (optional):

466



HydrauCalc - 2024a (www.hydraucalc.com)

([1] figure 9.4)

Smooth bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

—— Kb =070 Fb =018 —— Fb"=0320 Kb =035
Kb® == 1.0

0.4

03

Loid
Bmr/d<3et6,<100°
c,=f| %,K,; |
i 1 ([1] figure 9.4)

W otherwise (r/d > 3 and/or 0, > 100°)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
I k )
f= f:\ Re,E |

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kWD =0.02 kD = 0.04

T T T T T

kD = 0.006 kD =001

Re
Roughness correction factor:
Cr — f.ﬂ:-'_';u:'
st ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmooth: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10°, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient for the first bend:
Kn' = Kru . cﬂe . cr

([1] equation 9.4)

Corrected loss coefficient for the second bend:

sz = Kbu' CF!E 'Cr 'Co

([1] equation 9.4)

Interaction correction factor:

(L
C. =f = _
="l d’'d)

([1] figure 10.3)
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S-shaped bends (flow in two perpendicular planes)
Correction factor "Cb-b’
MILLER - Figure 10.3

—— nd =05 [Mire)] — rd=1 —— rd=2
id = 3

08 4

Ch-b

o8 4

BT

G 4 i & " 4

Ls/d

Pressure loss coefficient of the two bends:

Kb—f: = [.Kﬁ' +K 2 ]'Cf:-—f-

([1] equation 10.1)

Friction loss coefficient of the straight length between bends:

k-1l
d

([1] equation 8.3)

Total pressure loss coefficient (based on the mean velocity in the bend):
K=K,_,+K;

Straight length of equivalent pressure loss (m):

d

Total pressure loss (Pa):

p-U*

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
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UZ
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:

D Bend hydraulic diameter (m)

d Bend internal diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m3/s)

U Mean velocity (m/s)

Ls Straight length between the two bends (m)
L Total length measured along the axis (m)
r Radius of curvature (m)

Ob Curvature angle of each bend (°)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko Basic loss coefficient of one bend ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor ()

Lo Length of the straight section downstream of the bend (m)
f Darcy friction factor ()

k Absolute roughness of walls (m)

Cs Roughness correction factor ()

Ko1 Corrected loss coefficient for the first bend ()

Kbz Corrected loss coefficient for the second bend ()

Cob-b Interaction correction factor ()

Kb-b Pressure loss coefficient of the two bends ()
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Kt Friction loss coefficient of the straight length between bends ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Re > 10%)
e stabilized flow upstream bend
e relative radius of curvature 'r/d": greater than or egal to 0.5 and lower than or egal to 10

for relative radius of curvature ‘'r/d’ greater than 3, the pressure loss coefficient 'K' is
estimated by taking into account the interaction correction factor 'Cb-b' corresponding to a
relative radius of curvature ‘'r/d’ of value 3.

e curvature angle: between 10° and 180°
the interaction correction factor 'Cb-b' is applicable for angles 'y’ between 70° and 90°.

for angles "0y’ less than 70° or greater than 90°, the pressure loss coefficient 'K' is estimated
by taking into account the interaction factor coefficient 'Cb-b' applicable to angles '0y'
between 70° and 90°

Example of application:
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X
Fud:  Water © 18t 4G - teo B o
Ref.: IAPWSIF97 o
Carnti s RN (o AP 0003214826  bar
SINare - P 1013 ber AH 0.0328 m of fud

Opton: Outiet ppe length correcton factor
() Use outiet pipe length correction fiactor

SUaght engy

>m 1783542

m

Fricton loss coeffcent of the spacer length ;
Pressure loss coefficent (based on the mean bend velocty)
D swaghtiength of equivalent pressure loss

i;aazgaesegqgi>=§

value
0.0703

2489301

142475

0.150387
1510147

LO42765
90251
0,3513028
0.3381756

1.433818

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.12 S-shaped bends (2 planes) - Rectangular cross-
section
S-shaped Bends
(with flow in two perpendicular planes)

Rectangular Cross-Section

For the calculation of the pressure loss coefficient of S-shaped bends with rectangular cross-section
(with flow in two perpendicular planes), the user can choose from one of the methods described in
the following two reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER. (2nd Ed.]
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2.2.12.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in two
perpendicular planes) whose cross-section is rectangular and constant. In addition, the flow is
assumed fully developed and stabilized upstream of the first bend.

Model formulation:

Hydraulic diameter (m):

D,zz'ai'bi
a, + b

([1] diagram 6-1)

Cross-section area (m?):

Total length measured along the axis (m):

-

=22 7 R .41
.. “"3g0 ) ¢

Mean velocity (m/s):

w —E
0 F:I
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

Ao

i
D.Pr

B Case of relative radius of curvature lower than 3 (Ro/bo < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

A

p—

{ _
k,=f R Rex
by

([1] diagram 6-1)

® 0.50 < Ro/bo < 0.55

. Re
A 3-10° - 4-10* > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

® Ro/bo > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Ayl Ay, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

-
: [

ke =f Re,—~
=0 Th

N

([1] diagram 6-1)

Smooth bend (Ro/bo <= 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e)

. —— Rol

20

kRe

T

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Ro/bo <= 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

A1

06 4

Bl mcasssscohiaadessschassansssdasanannssBonaasnssslosan [ g PR S

oo e b e ]

Bl f=ccccccanfoasasssndhas T T N, RS-

T T T T

4
1] 20 40 -] B 100 15 140 160
Delta (*)

Coefficient of effect of the relative curvature radius:

([1] diagram 6-1)

® 0.5<Ro/bp<15

Smooth bend (Ro/bo <= 1.5)

Coefficient of effect of the relative curvature radius

IDELCHIK - Diagram 6-1 - graph (b)

T T T T T T T T

0.0 ¢ 4 s 4 4 + 4 s +
05 06 07 08 03 10 1" 12 13 14
Rolbo
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] Ro/bo >15

Smooth bend (Ro/bo > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

0.25 .

015 4 N -

005 4 \

0.00 '

B1
/

Coefficient of effect of the relative elongation of the cross section:
4 a0 > bo

C1=F i_
=21 (11] diagram 6-1)
¢ a0 < bo
cl=f 2
71 (11] diagram 6-1)
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Smooth bend
Coefficient of effect of the relative elongation of the section
IDELCHIK - Diagram 6-1 - graph (d)

09 4

08 I 4 4 " 4 I 4
' *

f Y
A2 =f % [
~ 21 ({1] diagram 6-1)
Ro/by | 050-055 |>055-0.70 | »0.70-10 | »>1.0-20 >2.0
A2 x 107 40 6.0 40-20 1.0 0.6
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Smooth bend (Ro/bo < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

GO -
S000 4 4. 1

|
aoon 3.

o \
< ] Y
3000 - \
0 4 \‘\ -
] \\H
1000 - NH\"H__

1]
Rolbo

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)

® 3-10° < Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)
B Case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3) ([1] diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODA=50-80 ROMDO = 10 - 15 RO = 20 - 26
RWDO=30-50 —— RODO =50

04

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

' ([1] diagramme 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance
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C2.71-R,-5/360
Cope =g — A ) D

h

with:

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the S-shaped Bends ([1] diagram 6-19)

Darcy friction factor:
See Straight Pipe - Rectangular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

) ( A
Acic =T Re,— |
\ h
Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
dola/Dh = TE-06 dea/Dh = TE-05 —— dola/Oh = 0.0001
delta/Dh = 0. 0004 doRta/Dh = 0.0008 dedta/Oh = 0.002
delta/Dh = 0006 —— dela/Dh =001 delta’Dh = 0.02
delta/Dh = 0 03 delta/Dh = 0.05
01 or T T : :
(R
oo

007
006
005
004
0035
003

0025

Lambda

002
0018
0016
00e
0012

0014
0009
0008
0007
0005 4o + 4 : +

Re

B Correction for Darcy friction factor for noncircular cross-section

4 a0 > bo
k =f(b /a,)
| (111 diagram 2-6)
4 ao < bo
k =fla,/b,)
| (111 diagram 2-6)
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® |aminar flow (Re < 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-6

T T T . T T T T T
14 4 -
il ]
12 4 -

b 4

c

g

= 11 4 N
10 4
09 4
08 D

o0 0t 02 03 04 0s 086 07 og 0s 10

® turbulent flow (Re > 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-6

'
110 T T T T T T T T T

109 4 ]
108 4 3
107 & 3
106 4- 3

b 4

S ws i . 3

c

-

104 4 : ]
o 4 . ‘ ]
102 L ]
10 & ]
100 } } } : 4 } } 4 "
00 01 02 03 04 05 05 07 08 09 10
b0/a0

B Darcy friction factor for rectangular cross-section

T~k
frea = fore Mrene ([1] diagram 2-6)
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Pressure loss friction factor:

[ R L]
So=A-12- 0017586 — |+
=1fr A |_ | D_ly : Dly_ .

([1] diagram 6-19)

=l

Interaction correction factor:

L, L
A=f = ey
L =R .
([1] diagram 6-19 graph a)
S-shaped bends (flow in two perpendicular planes)
Correction factor ‘A’
IDELCHIK - Diagram 6-19 - graph (a)
(= Angle =50 Angle =30 |
e ———————— S —— .
20 4 <|‘
\\ 1
\ L=
\l e
a4\ ) St e ‘
\ {
\ : |
\ 1
/S |
< 1
\ |
\ 1
\ / 1
14 4 f ~
/ |
/ |
o *’/ i 4|
|
|
10 4 A J ]
0 10 15 0
lel/Dh

Total pressure loss coefficient (based on the mean velocity in the bends):

:E = A ) :E I.'9:+ :uﬁr

([1] diagram 6-19)

Total pressure loss (Pa):

_pw,
AP=r PV
. 2

([1] diagram 6-19)

Total head loss of fluid (m):

W,
2-g

AH =C-
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Hydraulic power loss (W):

Wh=aF-Q

Straight length of equivalent pressure loss (m):

Symbols, Definitions, SI Units:

ao
bo
Dn
Fo
I

Ro

Ka
Kre
Al
B1
C1

A2

C'loc

Rectangular cross-section width (m)
Rectangular cross-section height (m)
Bend hydraulic diameter (m)
Cross-sectional area (m?)

Total length measured along the axis (m)
Radius of curvature (m)

Curvature angle of each bend (°)
Volume flow rate (m?/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()

Coefficient of local resistance ()
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AP
AH
Wh
Leq
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Darcy friction coefficient for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Darcy friction coefficient for rectangular cross-section ()

Friction coefficient ()

Pressure loss friction factor ()

Interaction correction factor ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Straight length of equivalent pressure loss (m)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Dy

¢ relative radius of curvature: greater than or equal to 1 (Ro/bo > 1)
e curvature angle of one bend: O to 180°

for '8’ angles less than 60° the pressure loss coefficient 'C' is estimated by taking into account

an interaction correction factor ‘A’ corresponding to that of an angle of 60°.

for '3’ angles greater than 90° the pressure loss coefficient 'C' is estimated by taking into

account an interaction correction factor 'A’ corresponding to that of an angle of 90°.

B case of relative radius of curvature lower than 3 (Ro/bo < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3)
o flow regime: 500 < Re < 38:10°

for Reynolds number 'Re’ lower than 500 or greater than 38:10°, the coefficient 'L’ is

linearly extrapolated.
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Example of application:

B e o e - o o
Ref.: IAPWS IFS7 Pressure loss -
Temperatre © T 2 AP 0001546393  bar
Pressure : P 1013 ber AM 0.0289 m of fud
Density : (] 998.2051 Igim? ®
Dynamic Viscosity : w1 0.00100159 N.sjm?
Knematic Viscomty : v LOJ3AEDS mifs RO 0.178
Ooberaty Oomvec. O xnviec L
Value Unit
0.06666667 m
0.008 m
0.5
3s
15
0.00015
6649097
0.0208327
0.04358597
0.01962486
168218
Pressure loss coefficent (based on the mean bend velodty) 0.3699424
Hydraul power ks 0,9231967 w
Svaght length of equvalent pressure loss 1.183851 m

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.12.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of S-shaped bends (with flow in two
perpendicular planes) whose cross-section is rectangular and constant. In addition, the flow is
assumed fully developed and stabilized upstream of the first bend.

An option allows to take into account the effect of the straight length at the exit of the second
bend.

Model formulation:

Hydraulic diameter (m):

2-b-W
D=
b+W

([1] equation 9.5)

Cross-section area (m?):

A=b-W

Mean velocity (m/s):

u=2
A

Total length measured along the axis (m):
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| =

L=2.2.7r- % .:+L
| 36

Mass flow rate (kg/s):
G=0Q p

Fluid volume (m?):

Fluid mass (kg):
M=V-p

Reynolds number:

_U-D
===

Re

([1] equation 9.6)

Basic resistance coefficient:

Ko=f L g
=MW

([1] figures 9.6 - 9.7 - 9.8)

B Sides ratio b/W =05
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Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)

MILLER - Figure 9.6 (Re = 1e6 & Sides ratio (b/W) = 0.5)

]

:I%

Theta

2.8
. ]

B Sides ratio b/W =1

Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.7 (Re = 1e6 & Sides ratio (b/W) = 1)

Theta

} ¥
05 06 07 0809 1 15 2 3 4 5 § 7 8 %%

B Sides ratio b/W = 2

490

([1] figure 9.6)

([1] figure 9.7)



HydrauCalc - 2024a (www.hydraucalc.com)

Smooth bend with rectangular cross-section
Coefficient of local resistance (Kb*)
MILLER - Figure 9.8 (Re = 1e6 & Sides ratio (b/W) = 2)

TTTT T T7 7
150 [ | [ e o,
{1 f f:f f/f _-"r S
7 Y I N Y T Taim
120 S aee— S
b S LSS —— ~— T
Wit / F r — s e o
F g 4 f f 7 r —i Y g iy S
50 / B L R A I A — e e -
NN/
B0 Ao L od il o o —
7SS o B e —~ —
T0 4 ; y i d./ e -~ T oS T,
-, —
wl A A i — T
- P _/‘__, //// ey T el --.\_\__\_ e
A ,/_z/ﬁ_z__,/ o~ e T — S, e
[} = [ __z/__,ﬁ__:’_,./_,. T B "
’ e — - —
] By s T st
£ 404 __/sz‘::", - e — —
= :f}.: e .—""-'.--"':.___.-"’- e ol T — -\--""--\._\_\_
e 5 e — e o
e o T o ™
L o . - —
30 #;’f’(_z z"/_,.-"'-' _'_'_,_.o—"__ 'w'\—\__ -\-\-\-\""\-\._ T, -
o ; — -
- /"-__,z"'f ..-"'a — i) o H“""\--._ T S
/ # e o . e,
Ly /‘f o TR e -H"'-\-\._\_
s e e e
20 4 ’ — — e,
/ // e x'“‘m,,_ e
s 1" T s
15 // o — e -y
- — e -
- - Sy
-H'\-\. -
/ // T H"‘HH‘
S
10 L R T 1 ' L
@% 06 07 08 0% 1 15 2 3 4 5 & 7 B 9w
W

([1] figure 9.8)

For any sides ratio 'b/W' between 0.5 and 2, the coefficient Ky~ is obtained by curvilinear
interpolation between the values of Ky calculated for aspect ratios of 0.5, 1 and 2.

Reynolds number correction factor:

(oo ]
Ca. =f| Re. 77 |

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

[— W<=T —— W=15 — W>=2]
22

T T

20 4+

CRe
-
s
T

10 4

08 4 : -

06

e
S, +
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mr/W>1

o
D!

C.. =f|Re,

([1] figure 9.3)

mr/W<l1
®r/W>07o0rkK <04

Fo

Cee=f|Re. 5|

([1] figure 9.3 with r/W=1)

® otherwise (r/W < 0.7 and Ky > 0.4)
~ KH_

I:_F' = D
=K -02C'.+0.2

([1] equation 9.2)

with:

P

C'..=f Re.— |
==1"%D)

([1] figure 9.3 with r/W=1)

Outlet pipe length correction factor (optional):

B correction factor for circular cross-section
® 0, < 100°

([1] figure 9.4)
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Miter bend with rectangular cross-section
Qutlet pipe length correction (Co)

MILLER - Figure 9.4
—— R =010 Fbr=01% — K" =020 Fb" =025
Kb* == 1,0
3 v T T T
e :.ll.. - o — —
e O e T e o e
ol | g T
6 .'\-.-i P_,..-'/-’
"
’ ]# 1 4 L 'l=:" .E::l :,-:;" w
La/D
® 0, > 100°
C,=1 .
(negligible effect)
B correction factor for rectangular cross-section
® b/W < 0.7 and Lo/D > 1
1-C,
C,=1- g
or 2
® b/W>1andLo/D<1
415<r/W<3
Cor =2

®r/W<150rr/W=>3
C.o=C

ar

aQ

® otherwise

C.. =C

o

If this option is not activated, the factors C, and Co are equal to unity.
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Darcy friction factor:
! I ~:
f= f:‘ Re,E |

See Straight Pipe - Rectanqular Cross-Section and Roughness Walls (MILLER)

Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kD =0.02 kD = 0.04

T T T T T

kD = 0.006 kD =001

Re
Roughness correction factor:
Cr — f.ﬂ:-'_';u:'
st ([1] equation 9.3)
with:

frought Darcy friction factor for rough pipe at Re

fsmootn: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10%, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient for the first bend:

Kn' = Kn_ ) [:Re ) Gr

([1] equation 9.4)

Corrected loss coefficient for the second bend:

sz = K.bu' cﬂs 'cr 'CD

([1] equation 9.4)
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Interaction correction factor:
Lr
Co. = f; N J
VDD

|

B Aspect ratio b/W < 0.7

U-shaped bends (flow in one plane)
Correction factor 'Cb-b’
MILLER - Figure 10.4

,‘:T’D':‘U'Sm.) — 3 F | — D=2
— D=3

Cb-b

0s

] 10 20 4
Ls/D .
([1] figure 10.4)
B Aspect ratio 0.7 <b/W <15
S-shaped bends (flow in two perpendicular planes)
Correction factor 'Cb-b’
MILLER - Figure 10.3
— D = Q) ——— N0 =1 — =g
— 1 L
12 v T T
11 4 ~
10
2 09 4 4
o

08 4 ﬁ
o7 4 -
06 . = +

0o 10 20 » 40

Ls/D .
([1] figure 10.3)
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B Aspect ratio b/W > 15

S-shaped bends (flow in one plane)
Correction factor 'Cb-b*
MILLER - Figure 10.2

—— 1D = 0.5 (Miire) =1 D=2
- =3
S > r —
\
\
\ B
\
\
0 \ A
2 \Sr e ¥ T
a2 Y= ~
[3)
09 4 ; s 4
o8 4 \ s 4
o7 1
o6 ‘
0 10 20 % 40
Ls/D

([1] figure 10.2)

Pressure loss coefficient of the two bends:
B Aspect ratio b/W < 0.7

1-C

KD_D:[KD.+KDZ|.i1_ 2r-:~ |

B Aspect ratio b/W>0.7
K, =K. +K,.]-C,,

([1] equation 10.1)

Friction loss coefficient of the straight length between bends:
LS
D

Kf = fﬂ:u;ﬂ.‘ )

([1] equation 8.3)

Total pressure loss coefficient (based on the mean velocity in the bend):
K=K,,+K;

Total pressure loss (Pa):
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ap—k. 2V

([1] equation 8.1b)

Total head loss of fluid (m):
UE
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh =aP-Q

Straight length of equivalent pressure loss (m):
0

L, =K

rough

Symbols, Definitions, SI Units:
w Cross-section height (m)

Cross-section width (m)
Bend hydraulic diameter (m)
Cross-section area (m?)

b
D
A
Q Volume flow rate (m?/s)
G Mass flow rate (kg/s)
U

Mean velocity (m/s)

Ls Straight length between the two bends (m)
L Total length measured along the axis (m)

r Radius of curvature (m)

Ob Curvature angle of each bend (°)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko™ Basic loss coefficient ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor for circular cross-section ()
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Cor Outlet pipe length correction factor for rectangular cross-section ()
Lo Length of the straight section downstream of the bend (m)

f Darcy friction factor ()

k Absolute roughness of walls (m)

Ct Roughness correction factor ()

K1 Corrected loss coefficient for the first bend ()

Kbz Corrected loss coefficient for the second bend ()

Co-b Interaction correction factor ()

Ko-b Pressure loss coefficient of the two bends ()

Ks Friction loss coefficient of the straight length between bends ()
K Total pressure loss coefficient (based on the mean velocity in the bend) ()
AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

Leq Straight length of equivalent pressure loss (m)
p Fluid density (kg/m?*)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)

Validity range:
e turbulent flow regime (Re > 10%)
e stabilized flow upstream bend

¢ radius of curvature / hydraulic diameter ratio 'r/D": greater than or egal to 0.5 and lower than
or egal to 10

for ratio 'r/D' greater than 3, the pressure loss coefficient 'K' is estimated by taking into
account the interaction correction factor 'Cb-b" corresponding to a ratio 'r/D" of value 3.

e curvature angle: between 10° and 180°
the interaction correction factor 'Cb-b' is applicable for angles 'y’ between 70° and 90°.

for angles '0y' less than 70° or greater than 90°, the pressure loss coefficient 'K' is estimated
by taking into account the interaction factor coefficient 'Cb-b" applicable to angles 6y’
between 70° and 90°
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relative radius of curvature 'r/W' between 0.5 and 10
sides ratio 'b/W': between 0.5 and 2

note: for any sides ratio 'b/W' less than 0.5, the resistance coefficients K»~ are obtained by

linear extrapolation from the values of Kv" calculated for sides ratios of 0.5 and 1.
for any sides ratio 'b/W' greater than 0.5 and 2, the resistance coefficients Ky are
obtained by linear extrapolation from the values of Ky calculated for sides ratios of 1
and 2.

Example of application:

s HydrauCalc 2023a - [S-shaped bends with rectangular cross-section (flow in two perpendicular planes) - MILLER (2nd Ed)] - X
File Edt  Prefer Caiculation method  Datab Tools  Help
- ) - -l
e A o [R R
Fhid char actenisdes Geametrical characternistics = -
\ R 1
@ Fud: Water @ 1atm iC] reb Info | | P — ™ [ caaste |
Ref.: IAPWS IF97 Pressure foss /——.\ 0.05 -
Temperatre : 2 AP 0.00193147%  bar 7 ,-“\— : “ Yy
[7 Pressure P 1013 ber AH 0.0197 m of fud / 7 L~
// \
Density : p 9532061 Igim?
Dynamic Viscosity : w4 0.00100159 N.sjm?
/ Knematic Viscomty :  +  LOJ3WEDS mifs '
© Deraity Oomvec. O xn Visc.
'.? 1310
1000 m 49910 kpls
2 Q0008
1 ’ m -i,-k--
5. T Complementary resuts
i ~ | Designation Symbol Valoe Unit
- v Hydraulc dameter ) 0.06666667 m
! Paszage cross-secton area A 0.008 m?
Py Relative radus of crvature W s
Length between ebows [ hydraulc dameter rato 50 15
) Developed straight kength from the axis L 0.274393 m
| o [ Bask coefficent (Figures 9.6 9.75.8) e 0.127294
. |5 Reynolds number correction factor (Fgure 9.3) CRe 1585444
[+ Outiet tangent correction (Figure 9.4) co 1
. Fou S L S Coerected coefficent Co for rectangular cross-secton Cor 1
10 N N € X 8 N 8 0 0 Reynoids number Re 65440.97
—— ey Tempeaure ) IR° A 1 Interaction correcton factor (Fgure 10.2) @b 0.85319
Pressure loss coefficent of the two bends b 0,3567045
Fricton loss coeficent of the spacer length X! 0.03028508
m Pressure loss coefficent (based on the mean bend velocty) K 0.356989%
| Hydrauk power oss wh 0.9657381 w
References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.13 U-shaped bends (1 plane) - Circular cross-section
U-shaped Bends
(with flow in one plane)

Circular Cross-Section

For the calculation of the pressure loss coefficient of U-shaped bends with circular cross-section
(with flow in one plane), the user can choose from one of the methods described in the following two
reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER (2nd Ed.)
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2.2.13.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of U-shaped bends (with flow in one
plane) whose cross-section is circular and constant. In addition, the flow is assumed fully developed
and stabilized at the enfrance bend.

Model formulation:

Hydraulic diameter (m):
D, =D,

Cross-section area (m?):

qu
Foor2
W T 4

Total length measured along the axis (m):

Mean velocity (m/s):

w —E
0 F:,
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

A=
Dy,

B Case of a single bend of relative radius of curvature lower than 3 (Ro/Do < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

-
'R,
k,=f =
D,

I
Re A |
g

([1] diagram 6-1)

® 0.50 < Ro/Do <0.55

. Re
A 3-10° - 4-10° > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 15

® Ro/Do > 0.55
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. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Al A, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

kﬂa—ﬂ Re

?

R,)
D, |

([1] diagram 6-1)

Smooth bend (Re/Do < 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e}

—_— = - —

20

kR#

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Re/Do < 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

T T T T T T T T
14 4
7 | N - S <SOSR SO - WY g 4
10 o= P
E Bl d=-cccccccbansannnnitias e £ RV TNy e VNPV Ve & N 4
06 4 -
Bl dmcasssscitaafassschasnansnslanannnnssBuns P R~ S .
LF -
a0 + } b —4 + } P N E— I‘ PR -
[+ ] 20 40 -] Bl 1060 130 140 160 123
Delta (%)

Coefficient of effect of the relative curvature radius:

([1] diagram 6-1)

® 05<Ry/Do<15

Smooth bend (Ro/Do <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)

,2 T T M 3 T v Ll T T L] T
.
02 4 4
0.0 ¢ 4 4 4 4 $ 4 4 ¢
05 06 07 08 09 10 11 12 13 14 15
Ro/Do

® Ro/Do>15
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Smooth bend (Ro/Do > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

B1

005 4

000

Coefficient of effect of the relative elongation of the cross section:

([1] diagram 6-1)

Reynolds number correction factor that depends on the relative curvature radius:

{ Y
A2 =f h ;
~ 71 ([1] diagram 6-1)
R,/D, | 050-055 |>055-0.70 | >0.70-10 | >1.0-20 >2.0
A2 x 103 40 6.0 40-20 10 0.6

505




HydrauCalc - 2024a (www.hydraucalc.com)

Smooth bend (Re/Do < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

OO0 -

S000 4 4. 1

4000 4 l.

™~
< ] \
3000 - \
2000 4 \\\\H ]
T,
1000 - ‘\\\‘-\_\___\_\__‘_
o 4
[ 10 15

Re/Da

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)
® 3103 <Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)

B Case of a single bend of relative radius of curvature greater than or equal o 3 (Ro/Do>3) ([1]
diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODO=50-80 RO/DO = 10 - 15 R0 = 20 - 26
RWDO =30 -850 —— RODO =50

o4

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

: ([1] diagram 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance
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] 2. 7R -5/360

:Ibczl:.’i‘ﬂ_"‘s] Dh

with:
As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the U-shaped Bends ([1] diagram 6-20)

Darcy friction factor:

See Straight Pipe - Circular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)

— aDh = 1E- — =1E- pm— aDh =
delta/Dh = 0.0004 delta/Dh = 0.0008 deMta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh =001 delta’Dh = 0.02
deltaDh=003 —— delta/Dh = 0.05
o ! v T Al

Lambda

Re

Pressure loss friction factor:

R\ |
So=4-12.00175.5- 2 |+ ¢
=1r :t. Dh; Dh:|

([1] diagram 6-20)

Coefficient of correction:

{ 1 \

4 el - !
L0

\ Dh )

A=f

([1] diagram 6-20 graph a)
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S-shaped bends (flow in one plane)
Correction factor "A’
IDELCHIK - Diagram 6-20 - graph (a)

[— Ange =60 — Fngle=90]

Total pressure loss coefficient (based on the mean velocity in the bends):

:-F:A' - +:vfr

= oo

([1] diagram 6-20)

Straight length of equivalent pressure loss (m):

Total pressure loss (Pa):

_ . 2 -H.-’.;.z
AP=;. 2%
-T2

([1] diagram 6-20)

Total head loss of fluid (m):

W,"
2-9

AH =7

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:
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Dn
Do
Fo

lel

Ro

Kre
Al
B1
C1

A2
C loc
7\«el
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Bend hydraulic diameter (m)

Bend internal diameter (m)

Cross-sectional area (m?)

Total length measured along the axis (m)

Straight length between bends (m)

Radius of curvature (m)

Curvature angle of each bend (°)

Volume flow rate (m3/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)

Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()
Coefficient that allows for the effect of the Reynolds number ()
Coefficient that allows for the effect of the angle ()
Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()
Coefficient of local resistance ()

Total friction factor with smooth wall ()

Darcy friction coefficient ()

Pressure loss friction factor ()

Coefficient of correction ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Straight length of equivalent pressure loss (m)

Total pressure loss (Pa)

Total head loss of fluid (m)
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Wh Hydraulic power loss (W)

p Fluid density (kg/m?*)
Y Fluid kinematic viscosity (m?/s)
g Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Do

o relative radius of curvature: greater than or equal to 1 (Ro/Do 2 1)
e curvature angle of one bend: O to 180°

for '8' angles less than 60° the pressure loss coefficient 'C' is estimated by taking into account
an interaction correction factor ‘A’ corresponding to that of an angle of 60°.

for '3' angles greater than 90° the pressure loss coefficient 'C' is estimated by taking into
account an interaction correction factor ‘A’ corresponding to that of an angle of 90°.

W case of relative radius of curvature lower than 3 (Ro/Do < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature greater than or equal to 3 (Ro/Do > 3)

e flow regime: Re > 400

for Reynolds number 'Re’ lower than 400 the coefficient ‘Lo’ is linearly extrapolated.

Example of application:
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[ HydrauCate 2023a - [U-shaped bends with circular cross-section (fiow in cne plane) - IDELCHIK (3rd Ed.) - X
File dt  Preferences  Calculation method  Database  Tools  He
G- E
<1 | 1 2
Flid chor actenisics Geametrical char acteristics
Fud:  Water © 18t 0iC] v b _J =
Ref.: IAPWS IFGY Pressure koss
Temperatre © T 2 AP 000979399 ber
Pressure : P 1013 ber AM 0.0304m of flud
m
Density : [ 9982061 Igin?
Dynami Viscosity : 1« 0.00100159 N.sjm? L]
Knematic Viscomty : v LOJ3AEDS mifs |
Ooeraty Oo0mvec. O xnvec 00| TToues
=5 P ianiece SN
W0 Pmmc v fe s anesmrsraitspnnnressdesass G 4910kg/s
Q o008
Complementary resuits
Desgnation Symbol Value Unit
Hydraubc dometes oh 0,073 m
Passage cross-saction area o 0.003881508 m
Relatve radus of curvature Ro/Do 249301
Length between ebows / hydraulc dameter rato feljon LARNTS
Developed straight kength from the axis I 0.6457787 -
Relative roughness 3 0.0001422475
Reynolds number Re 90251
1 Darcy Friction Factor x 0.01507611
Coefiicent of local resstance Cle 0.131306
Coeficent of fricton resstance <3 0.1763193
142 interacion correcton factar (Diagram 6-20) A 1.011713
Pressure loss coefficent (based on the mean bend velooty) 4 0.3597469
Hydraukc power koss » » wh 1.489699 w
Straght length of equivalent pressure loss Lea 132571 m
o

References:

[1] Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik
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2.2.13.2 MILLER

Model description:

This model of component calculates the head loss (pressure drop) of U-shaped bends (with flow in one
plane) whose cross-section is circular and constant. In addition, the flow is assumed fully developed
and stabilized upstream of the bend.

An option allows to take into account the effect of the straight length at the exit of the bend.
Model formulation:

Hydraulic diameter (m):

Cross-section area (m?):

o
A=r1.2
T3

Mean velocity (m/s):

u=2
A

Total length measured along the axis (m):

L=2.2.7-r- % .:+L¢
| 36 ;
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Mass flow rate (kg/s):
G=0-p

Fluid volume (m?):

V=A-L
Fluid mass (kg):
M=V p

Reynolds number:
_U-D

1%

Re

Basic resistance coefficient for one bend:

i r 4
K-=fLg
b !ld:l .ﬁJ

([1] figure 9.2)

Smooth bend with circular cross-section
Coefficient of local resistance (Kb")
MILLER - Figure 9.2 (Re = 1e6)

180 - -
| | ! \ "\\\\\\ =,

wl f}] |

| |

f |

1] SR Nt ey
. /"E o ,j/ / / / /OO
ﬁu:,. : R'“/ —— ,q::

0 ‘/ Fi b{ :2;,;&?'._“.- At = e N ]
ru.:_,-’i(/ ;;@W_ "_*“-x_‘_&h :\\H

&0 4

L.

50 4

\\\{
\
;\\\
/ /
)
//

Theta

Reynolds number correction factor:

514



HydrauCalc - 2024a (www.hydraucalc.com)

C..=f Re,— |

™

([1] figure 9.3)

Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3

[ Td<=1 7d=15 —— Wd>=7 |
22 .Kﬂm.,..,...m.,,.'......-4.7....-...-‘-.»7..,....»...,.,.ww« S —
20 '\\_\
AN »
\
18 4 NN
6 .'\\
\.
L N\
x 4
o
\ \
10 4 N
08 4 FeRa 1
06 4
10 1 10° 10
Re
mr/d>1
." r 1I
Cr=f R,
: 1 ([1] figure 9.3)
mr/d<1

®r/d>07o0rK <04

{ r
CRE = f Re E :

([1] figure 9.3 with r/d=1)

® otherwise (r/d < 0.7 and K» > 0.4)

Ca. = Ky
=K, -02C',.+0.2

with:

([1] equation 9.2)

( r
C'..=f Re — |
R= ) d'

([1] figure 9.3 with r/d=1)

Outlet pipe length correction factor (optional):
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([1] figure 9.4)

Smooth bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

—— Kb =070 Fb =018 —— Fb"=0320 Kb =035
Kb® == 1.0

0.4

03

Loid
Bmr/d<3et6,<100°
c,=f| %,K,; |
i 1 ([1] figure 9.4)

W otherwise (r/d > 3 and/or 0, > 100°)

C, =1

(negligible effect)

If this option is not activated, the factor C, is equal to unity.

Darcy friction factor:
I k )
f= f:\ Re,E |

See Straight Pipe - Circular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls

kD = 0.0008 kD = 0002
kWD =0.02 kD = 0.04

T T T T T

kD = 0.006 kD =001

Re
Roughness correction factor:
Cr — f.ﬂ:-'_';u:'
st ([1] equation 9.3)
with:

frough: Darcy friction factor for rough pipe at Re

fsmooth: Darcy friction factor for smooth pipe (k = 0) at Re

For Re > 10°, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient for the first bend:
Kn' = Kru . cﬂe . cr

([1] equation 9.4)

Corrected loss coefficient for the second bend:

sz = Kbu' CF!E 'Cr 'Co

([1] equation 9.4)

Interaction correction factor:

(L
C. =f = _
="l d’'d)

([1] figure 10.4)
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U-shaped bends (flow in one plane)
Correction factor 'Cb-b’
MILLER - Figure 10.4

— FIQ = (Metre) ——— rid=1 — ] =g
— gfd = 3

10 4

09 4

08 4

Cb-b

06 4

0s 4 e -

Pressure loss coefficient of the two bends:

Kb—f: = [.Kﬁ' +K 2 ]'Cf:-—f-

([1] equation 10.1)

Friction loss coefficient of the straight length between bends:

k-1l
d

([1] equation 8.3)

Total pressure loss coefficient (based on the mean velocity in the bend):
K=K,_,+K;

Straight length of equivalent pressure loss (m):

d

Total pressure loss (Pa):

p-U*

AP =K-

([1] equation 8.1b)

Total head loss of fluid (m):
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UZ
2-g

AH=K-

([1] equation 8.1a)

Hydraulic power loss (W):
Wh=aP.Q

Symbols, Definitions, SI Units:

D Bend hydraulic diameter (m)

d Bend internal diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m3/s)

U Mean velocity (m/s)

Ls Straight length between the two bends (m)
L Total length measured along the axis (m)
r Radius of curvature (m)

Ob Curvature angle of each bend (°)

G Mass flow rate (kg/s)

v Fluid volume (m?)

M Fluid mass (kg)

Re Reynolds number ()

Ko Basic loss coefficient of one bend ()

Cre Reynolds number correction factor ()

Co Outlet pipe length correction factor ()

Lo Length of the straight section downstream of the bend (m)
f Darcy friction factor ()

k Absolute roughness of walls (m)

Cs Roughness correction factor ()

Ko1 Corrected loss coefficient for the first bend ()

Kbz Corrected loss coefficient for the second bend ()

Cob-b Interaction correction factor ()

Kb-b Pressure loss coefficient of the two bends ()
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Kt Friction loss coefficient of the straight length between bends ()

K Total pressure loss coefficient (based on the mean velocity in the bend) ()
Leq Straight length of equivalent pressure loss (m)

AP Total pressure loss (Pa)

AH Total head loss of fluid (m)

Wh Hydraulic power loss (W)

p Fluid density (kg/m?)

v Fluid kinematic viscosity (m?/s)

g Gravitational acceleration (m/s?)
Validity range:

e turbulent flow regime (Re > 10%)
e stabilized flow upstream bend
e relative radius of curvature 'r/d": greater than or egal to 0.5 and lower than or egal to 10

for relative radius of curvature ‘'r/d’ greater than 3, the pressure loss coefficient 'K' is
estimated by taking into account the interaction correction factor 'Cb-b' corresponding to a
relative radius of curvature ‘'r/d’ of value 3.

e curvature angle: between 10° and 180°
the interaction correction factor 'Cb-b' is applicable for angles 'y’ between 70° and 90°.

for angles "0y’ less than 70° or greater than 90°, the pressure loss coefficient 'K' is estimated
by taking into account the interaction factor coefficient 'Cb-b' applicable to angles '0y'
between 70° and 90°

Example of application:
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(] 2023 - [U-shaped bends with Grcular cross-section (flow in one plane) - MILLER (2nd £d) -

Fud:  Water © 18t <) - teb B o
Ref.: IAPWS IFO7 ramra ks
Temperatre © T 2 < AP 0002983377 bar
Pressure : P 1013 ber AM 0.0305 m of flud s
0.1 m
Density : [ 9982061 Igim?
OynamcVecosty: 1 0.00100159 Mgkt ol ERGoEE
Knematc Viscomty :  «  LOOJWEDS mijs | m
Ovesty ODmiec’ Om i ¢ ooms LESS
=i JENYVERZSR fniaoint)
Opton: Outiet ppe length correcton factor
(7] Use outiet pipe langth correction factor

STty >= 178332 W

Value Unit
0.0703 m

2489331
LARNTS
0.1540387
1510147

L0765
0251
0.6358459

Fricton loss coeffcent of the spacer length ;
Pressure loss coefficient (based on the mean bend velocty)
0| swaghtlength of equivalent pressure loss

1.491938
1330814

i;aazgaesegqgi>=§

References:

[1] Internal Flow System, Second Edition, D.S. Miller
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2.2.14 U-shaped bends (1 plane) - Rectangular cross-
section
U-shaped Bends
(with flow in one plane)

Rectangular Cross-Section

For the calculation of the pressure loss coefficient of U-shaped bends with rectangular cross-section
(with flow in one plane), the user can choose from one of the methods described in the following two
reference documents:

¢ Handbook of Hydraulic Resistance, 3rd Edition, I.E. Idelchik

e Internal Flow System, 2nd Edition, D.S. Miller

The calculation method is selected using the "Calculation method" menu. The default option is
"IDELCHIK (3rd Ed.)"

Calculation method

IDELCHIK (3rd Ed.)

MILLER. (2nd Ed.]

522



HydrauCalc - 2024a (www.hydraucalc.com)

2.2.14.1 IDELCHIK

Model description:

This model of component calculates the head loss (pressure drop) of U-shaped bends (with flow in one
plane) whose cross-section is rectangular and constant. In addition, the flow is assumed fully
developed and stabilized upstream of the first bend.

Model formulation:

Hydraulic diameter (m):

_2'5‘:'53
a, + b,

D,

([1] diagram 6-1)

Cross-section area (m?):
F,—a,-b

Total length measured along the axis (m):

-j 1
T+

=2 2. 7R, ;
\ P 260

Mean velocity (m/s):

w, _9
a F:l
Mass flow rate (kg/s):
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G=Q-p

Fluid volume (m?):
V=F I

Fluid mass (kg):
M=V.p

Reynolds number:

= »

Re

Relative roughness:

Ao

i
D.Pr

B Case of relative radius of curvature lower than 3 (Ro/bo < 3) ([1] diagram 6-1)

Coefficient of effect of the roughness:

A

p—

{ _
k,=f R Rex
by

([1] diagram 6-1)

® 0.50 < Ro/bo < 0.55

. Re
A 3-10° - 4-10* > 410*
0 1.0 1.0
0 - 0.001 1.0 1+0510°- A
> 0.001 1.0 1.5

® Ro/bo > 0.55

524



HydrauCalc - 2024a (www.hydraucalc.com)

. Re
A 3-10° - 4-10° > 410% - 2-10° > 2:10°
0 10 10 1.0
0 - 0.001 1.0 Ayl Ay, 1+10°- A
> 0.001 10 2.0 2.0

with:

Asm : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

Aa: Darcy friction factor for rough pipe ( A = A/Dn) at Re

Coefficient of effect of the Reynolds number (Re > 10*):

-
: [

ke =f Re,—~
=0 Th

N

([1] diagram 6-1)

Smooth bend (Ro/bo <= 3)

Reynolds number correction factor
IDELCHIK - Diagram 6-1 - graph (e)

. —— Rol

20

kRe

T

Coefficient of effect of the angle:

Al1=f(5]

([1] diagram 6-1)
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Smooth bend (Ro/bo <= 3)
Coefficient of effect of the angle
IDELCHIK - Diagram 6-1 - graph (a)

14 &=
T2 e U Uy« DI g A
10 = =
E T e o DL e e L OO e e e S 4
06 o '
Bl oo asmsssahaadsssschaanans s asaaannssPosaasssss s ssshosnsesns s ssss o6 .
B2 4 ]
oo } ——h —4 4 | —— b — } s
1] 20 40 -] B 100 15 140 160 185
Delta (*)
Coefficient of effect of the relative curvature radius:
=
Bi=f 3=
i My ) .
([1] diagram 6-1)
® 05<Ro/bp<15
Smooth bend (Ro/bo <= 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (b)
L] 2 T T T T T T T L] T
04 4 .
02 4 4
0.0 ¢ 4 4 ¢ + + 4 4 $
05 06 o7 na 0% 10 1 12 13 14 15
Rolbo

526



HydrauCalc - 2024a (www.hydraucalc.com)
] Ro/bo >15

Smooth bend (Ro/bo > 1.5)
Coefficient of effect of the relative curvature radius
IDELCHIK - Diagram 6-1 - graph (c)

0.25 .

015 4 N -

005 4 \

0.00 '

B1
/

Coefficient of effect of the relative elongation of the cross section:
4 a0 > bo

C1=F i_
=21 (11] diagram 6-1)
¢ a0 < bo
cl=f 2
71 (11] diagram 6-1)
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Smooth bend
Coefficient of effect of the relative elongation of the section
IDELCHIK - Diagram 6-1 - graph (d)

09 4

08 I 4 4 " 4 I 4
' *

f Y
A2 =f % [
~ 21 ({1] diagram 6-1)
Ro/by | 050-055 |>055-0.70 | »0.70-10 | »>1.0-20 >2.0
A2 x 107 40 6.0 40-20 1.0 0.6
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Smooth bend (Ro/bo < 3)
Reynolds number correction factor
IDELCHIK - Diagram 6-1

FIHH

GO -
S000 4 4. 1

|
aoon 3.

o \
< ] Y
3000 - \
0 4 \‘\ -
] \\H
1000 - NH\"H__

1]
Rolbo

Pressure loss coefficient (without friction):
® Re > 10*

O =k, ke - A1-B1-C1

([1] diagram 6-1)

® 3-10° < Re < 10*

£ oo :£+A1-B1-C1
~ Re

([1] diagram 6-1)
B Case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3) ([1] diagram 6-2)

Total friction factor with smooth wall:
® 4-10°<Re < 10°

([1] diagram 6-2)
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Smooth bend with circular cross-section (Ro/Do >= 3)
Coefficient lambda el”
IDELCHIK - Diagram 6-2 - graph (a)

— RODA=50-80 ROMDO = 10 - 15 RO = 20 - 26
RWDO=30-50 —— RODO =50

04

Lambda el

® Re > 10°

f 1
i IR,
i, =f —
' 1D=.J

' ([1] diagramme 6-2)

Smooth bend with circular cross-section (Ro/Do »= 3)
Coefficient "lambda el”
IDELCHIK - Diagram 6-2 - graph (a) - Re > 1E5

050 T T T T

o5 4

n040 1

®035 -

Lambda el

203 4

Estimation of the coefficient of local resistance
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C2.71-R,-5/360
Cope =g — A ) D

h

with:

As : Darcy friction factor for hydraulically smooth pipe ( A = 0) at Re

B Case of the U-shaped Bends ([1] diagram 6-20)

Darcy friction factor:
See Straight Pipe - Rectangular Cross-Section and Nonuniform Roughness Walls (IDELCHIK)

B Darcy friction factor for circular cross-section

) ( A
Acic =T Re,— |
\ h
Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
dola/Dh = TE-06 dea/Dh = TE-05 —— dola/Oh = 0.0001
delta/Dh = 0. 0004 doRta/Dh = 0.0008 dedta/Oh = 0.002
delta/Dh = 0006 —— dela/Dh =001 delta’Dh = 0.02
delta/Dh = 0 03 delta/Dh = 0.05
01 or T T : :
(R
oo

007
006
005
004
0035
003

0025

Lambda

002
0018
0016
00e
0012

001 4
0009
0008
0007
0005 ko 4 } ; 4

Re

B Correction for Darcy friction factor for noncircular cross-section

4 a0 > bo
k =f(b /a,)
| (111 diagram 2-6)
4 ao < bo
k =fla,/b,)
| (111 diagram 2-6)
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® |aminar flow (Re < 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-6

T T T . T T T T T
14 4 -
il ]
12 4 -

b 4

c

g

= 11 4 N
10 4
09 4
08 D

o0 0t 02 03 04 0s 086 07 og 0s 10

® turbulent flow (Re > 2000):

Straight pipe with rectangular cross-section
Correction factor for rectangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-6

'
110 T T T T T T T T T

109 4 ]
108 4 3
107 & 3
106 4- 3

b 4

S ws i . 3

c

-

104 4 : ]
o 4 . ‘ ]
102 L ]
10 & ]
100 } } } : 4 } } 4 "
00 01 02 03 04 05 05 07 08 09 10
b0/a0

B Darcy friction factor for rectangular cross-section

T~k
frea = fore Mrene ([1] diagram 2-6)
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Pressure loss friction factor:

|, | R, | |
co=i-2.00175.5-22 |+
=fr f‘|_ x c .DJ_, ] Dj_‘_ |
([1] diagram 6-20)

=l

Interaction correction factor:

L, L
A=f = ey
D, .
([1] diagram 6-20 graph a)
S-shaped bends (flow in one plane)
Correction factor "A’
IDELCHIK - Diagram €-20 - graph (a)
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Total pressure loss coefficient (based on the mean velocity in the bends):

:E = A ) :E I.'9:+ :uﬁr

([1] diagram 6-20)

Total pressure loss (Pa):

_pw,
AP = BV
. 2

([1] diagram 6-20)

Total head loss of fluid (m):
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Hydraulic power loss (W):

Wh=aF-Q

Straight length of equivalent pressure loss (m):

Symbols, Definitions, SI Units:

ao
bo
Dn
Fo
I

Ro

Ka
Kre
Al
B1
C1

A2

C'loc

Rectangular cross-section width (m)
Rectangular cross-section height (m)
Bend hydraulic diameter (m)
Cross-sectional area (m?)

Total length measured along the axis (m)
Radius of curvature (m)

Curvature angle of each bend (°)
Volume flow rate (m?/s)

Mean velocity (m/s)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Absolute roughness of walls (m)
Relative roughness of walls ()

Coefficient that allows for the effect of the roughness ()

Coefficient that allows for the effect of the Reynolds number ()

Coefficient that allows for the effect of the angle ()

Coefficient that allows for the effect of the relative curvature radius ()

Coefficient that allows for the effect of the relative elongation of the cross section

0

Reynolds number correction factor that depends on the relative curvature radius ()

Coefficient of local resistance ()
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Darcy friction coefficient for circular cross-section ()

Correction for Darcy friction factor for noncircular cross-section ()
Darcy friction coefficient for rectangular cross-section ()

Friction coefficient ()

Pressure loss friction factor ()

Interaction correction factor ()

Total pressure loss coefficient (based on the mean velocity in the bend) ()
Total pressure loss (Pa)

Total head loss of fluid (m)

Hydraulic power loss (W)

Straight length of equivalent pressure loss (m)

Fluid density (kg/m?)
Fluid kinematic viscosity (m?/s)

Gravitational acceleration (m/s?)

Validity range:

e stabilized flow upstream bend

¢ length of the straight section downstream: > 10 Dy

¢ relative radius of curvature greater than or equal to 1 (Ro/bo > 1)
e curvature angle of one bend: O to 180°

for '8’ angles less than 60° the pressure loss coefficient 'C' is estimated by taking into account

an interaction correction factor ‘A’ corresponding to that of an angle of 60°.

for '3’ angles greater than 90° the pressure loss coefficient 'C' is estimated by taking into

account an interaction correction factor 'A’ corresponding to that of an angle of 90°.

B case of relative radius of curvature lower than 3 (Ro/bo < 3)
o flow regime: Re > 3-10°

B case of relative radius of curvature greater than or equal to 3 (Ro/bo > 3)
o flow regime: 500 < Re < 38:10°

for Reynolds number 'Re’ lower than 500 or greater than 38:10°, the coefficient 'L’ is

linearly extrapolated.
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Example of application:

Dynamic Viscosity :  w 0.00100159 N.sjm?
Knematic Viscosity : v LOO3EDS mijs

Ooberst