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APPLICATION DESCRIPTION

HydrauCalc is a software application that allows accurate modeling and calculating of stabilized
flows in piping elements as straight pipes, bends, changes of cross-section, tees, valves,

orifices and more.

HydrauCalc is particularly suitable for pre-projects because it allows fo estimate quickly the
pressure losses of the components of a hydraulic installation, and thus to specify the

characteristics of the pumps.
Friction Loss is calculated using the Darcy-Weisbach method, which provides accurate results fo
non-compressible fluids (liquids). This method also provides satisfactory results of reasona

accuracy for compressible fluids (gases) when the flow velocity is not very high.

HydrauCalc is mainly based on well-known and respected references in the field of fluidflow and

pressure drop calculation.

3

HydrauCalc - © Frangois Corre 2017-2021 04/06/2021

THE REFERENCES

\N
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MAINLY REFERENCES

[1] Handbook of Hydraulic Resistance, I.E. Idelchik

[2] Internal Flow System, D.S. Miller

[3] CRANE - Flow of Fluids Through Valves, Fitting and Pipe - Technical Paper No. 410 /
[4] Pipe Flow - A Practical and Comprehensive Guide, D. C. Rennels, H. M. Hudson

5

HydrauCalc - © Frangois Corre 2017-2021 04/06/2021

THE GRAPHICAL USER INTERFACE

\N
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GRAPHICAL USER INTERFACE

HC)

File Edit Preferences Calculation method Database Tools
=T =l© V=

4 0[] R eR

Fiuid characteristics
Fluid: | Water @ 1atm [HC]
Ref.: IAPWS IF97

Temperature : L 60,00001| °F

Pressure : 33,9112 fH20
Density : 62,3665 Ib/ft
Dynamic Viscosity : 0,00075330 bb/ft.s
Kinematic Viscosity 1,20786E-05 ft3fs
(®) Density Oopyn.visc. O kin. Visc.

830

% 100 150 20
Temperature (*F) 12

(G
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Help FC

2500 solved problems in fluid mechanics hydraulics - 1989 - Schaum's - Problem 9.64 - page 209

Geometrical characteristics

Help Info Moody Chart

| 7.879fts

| i [[000ES
rbuent) - =

J qubd =

/ \/ N
99,9999 | ft )“
Pressure loss 15 | fo
1,5014 ft of fluid
Complementary results
Designation Symbol value
Hydrauiic diameter Dh %
Pipe cross-section area F0 7238,229
Internal pipe volume v 50265,47
Mass of flud in the ppe: ] 1421959
Length / Diameter' ratio 1100 125
Relative roughness 3 0,00010625
Reynolds number Re 5218642
/22 Darcy Friction Factor 2 0,01244985

Pressure loss per length unit 0,0015
Pressure loss coefficient (based on the mean pipe veloity) < 1,556231
Hydrauiic power loss wh 68,36465

5235 §

ftH20/ft

The graphical user interface is
available in English, French or
Spanish.

From this interface, the user
selects the type of component
he wants to calculate and the
fluid carried in this
component. It also provides
the necessary input data (flyi
and flow characteristics
component geometry).

This interface is intuw
very easy-to-use.
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GRAPHICAL INTERFACE STRUCTURE

Version

s

Shortcuts Bar /J Menus
1

4‘ Caleulation method

V2 |

Fle Ede Preferences Cakulatfdmethod Database Took Help |

Comment

=Y

\
\4 Components Bar

8

/ WA
y A4 5 L5 bl i i = TR
I Flad characterisscs Geometrcal charactensics
( ) Fuid: Water © 10t Heb Info Moody Chart Calodate
i Ref.: LAPWS IF97
Tempersture : 2 o —
=i ».199k8 A
/- Prsson L 0.0392699
e s
\ 0
Oensity 998.2061 kghn — 100
Dynamic viscosity 0.00300159 N.sjm Soms -
ey Knematc vacosty : LODIEDS mifs .y [50%%
e ™
®) Density Dyn. Visc. O Kin. Visc
: » o . \Z
— 0o
(5 0 =
J < >
3 S Pressure loss 2
( - 32,4409 m of Aud
4 N\
& N\ Complementary resuts
B
¢ 2 \ Desgnaton Symbol vake unt
£ E
"&' F \ Hydraukc dameter » 100 —
—ll 3 b \ Ppe cross-secton ares 783981 -
Internal ppe volume: 0.7853982 n
Mass of fsd i the ppe 723.9092 "
‘Length / Diameter’ rato 1000
Divers Relote rougness 0.0026
Reynolds number 48207.2
— A2 Friction factor 0.0254509
s Pressure loss per length unt 3175654 wajm
- Pressure loss coefficent (based on the mean poe velooty) 25.4509
Ul ogt Rmponten ) Hydr ke powes loss 12.4707% o

\l Fluid pane

\l Composant pane
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The graphical interface is
structured in four main parts:

Q The components bar

Q The fluid pane

O The component pane

O The upper part which includes:

O The information about rele
and calculation method ch

0 Menus and shortcuts b

0 The display area fq
comment

pgssible
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COMPONENTS BAR
Q) DUZL

SN
J on |E
= |
o1
) 511 |©
38
3

*QT\("?"/’T»(’T’EC"?
oA L \G W\ SIS

PO 5T )
1,
{h

a8 [ 8 @
Divers AE Apli., % I:_I:' A;; @ :
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The vertical components bar
makes it possible to select a
family of components (straight
pipes, bends, changes of cross-
section, tees, pipeline entrances
and discharges, restriction and
measurement orifices, valves, ...)

Selecting a family displays the
available components for th
family in one or more horizo
bars.

The shaded components
development and will
in a future release.

er
available
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FLUID PANE

Fluid characteristics ‘/J Fluid Selection
Fiuid : [ Water @ 1atm v]

[Ref.: 1APWS IF97 Reference of fluid
Temperature : [ 20" o characteristics
Pressure : 1.013 bar

\JFluud Parameters
Density : 998.2061 kg/m?
Dynamic viscosity : 0.00100159 N.s/m? (——J fFhaid Characterestics

Kinematic viscosity : 1.00340E-06 m3/s
Selecting the characteristic
| (@ Density O opyn.visc. O Kin. Visc. to be plotted

Curve of the selected
characteristic

onsity (Kg/m®)

10 20 30 40 50 60 70 80

20100l
[ logy Temperature (°C) 4_4 Zoom of the curve

Logarithmic ordering Comparison of fluid
characteristics
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The fluid pane mainly allows:

Select the fluid

Set the fluid according to the selected
fluid type (temperature, pressure,
salinity, quality, humidity, ...)

Visualize the characteristics of the
fluid (density, dynamic and kinematic
viscosity)

Visualize the evolution of
characteristics according
temperature  or  the
(according to the type o
fluid)

selected
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COMPONENT PANE

Geometrical characteristics

Help Info Moody Chart
PN L
47N\ ( 39.199kals A
{f \ N\ ["0.03926%9 |
f |” ,\ ;“ \ mils
{ ‘! H S — 100
‘,'\ # ) A mm
W /1 | 50ms 500026
L\ / | (urbulent) ——
N .\__\_// / Y
l¢ 00 |m N
Pressureloss | 317.5654 | kPa
32.4409 m of fluid
Complementary results
Designation Symbol Value Unit
Hydraulic diameter Dh 100 mm
Pipe cross-section area FO 7853.981 mm?
Internal pipe volume v 0.7853982 m?
Mass of fiuid in the pipe M 783.9892 ka
"Length / Diameter' ratio I/o0 1000
Relative roughness A 0.0026
Reynolds number Re 498307.2
2 Friction factor i 0.0254509
Pressure loss per length unit 3.175654 kPa/m
Pressure loss coefficient (based on the mean pipe velocity) 25.4509
Hydraulic power loss Wwh 12.47076 kw

o
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The component pane allows you to:

Q Define the geometry of the component
according to the selected component type
(inside diameter, length, roughness, ...)

0 Define flow (volume flow rate)

O Execute the calculation of the component

Q Visualize the results

Q Display the Moody diagram correspondi
to the calculation with the calcul
point (case of friction loss)

O Access information about the co

O Help (technical documenta
component)

a Info (information on the use6f the component)

Q Other eventually
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COMPLEMENTARY RESULTS

| S
Thick-edged orifice
Coefficient of local resistance
Pipe Flow - Guide (2012) - Equation 13.13
Beta (do/d) = 0 Beta (do/d) = 0.1 Beta (do/d) = 0.2
Beta (do/d) = 0.3 Beta (do/d) = 0.4 Beta (do/d) = 0.5
Beta (do/d) = 0.6 Beta (do/d) = 0.71 Beta (do/d) = 0.8
Beta (do/d) = 0.9
3.0 -
25 4o
— /do=2.000E-04
"~ [Betatdold)=3.500E-61
2onl Ko=2.3d5E+00~__ %
; 15 4 2
(0 d seormrre e
05 4 e
0.0 t t + +
00 0.2 04 06 08 10 12 14
t/do
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When, in the complementary results, the
variable is preceded by the symbol 2,
a simple click on this variable shows
the evolution graph of the variable
with the calculated point.

Example :

Designation Symbol Value Unit %
Pipe cross-section area A 7853.981 mm2 /
Orifice cross-section area Ao 962.1127 mm?2
Diameters ratio (Do/d) B 0.35 /
Cross-sections area ratio Ao/A 0.1225
Thickness to orifice diameter ratio t/Do 0.2
Pipe Reynolds number NRe 498307.2
Orifice Reynolds number NReo 1423735
Velodity in vena contracta Ve 65.43075 m/s

2 Jet velocity ratio (Equation 13.4) n 1603054

gt ocfficient Cth (Equation 13.14) Cth 0.9763061

2 Qoefficent of local resistance (Equation 13.13) Ko 2.34488
Pressure loss coefficient (based on the mean pipe velocity) K 156.2602
Hydraulic power loss Wh 76.56641 kw
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MOODY DIAGRAM

|
Moody Chart
.05
0.04
.03
a
3
)
3
2
25451 63
X ]
&
.001
uuuL
0004
0.0002
0.0001
0.00005
1 0.00001
+£+0.000005
4.98. 5
C 0.000001
Flow Characteristics
mean V: 5.0m/s 39.199 kgfs A
\\ 0.0392699
\ m3fs
’L - 100
mm
// 5-&:"‘/5 0.00026
urbulent;
» (Turbudent) e
— max V: 6.26 mfs v

When the component is subjected to
friction, the Moody diagram can be
consulted to observe the operating
point (as well as the flow velocity
profile).

Example of a straight pipe:

Geometrical characteristi

<
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Help d Moody Chart l
N = s
/\ ( ( 39.199 ks 4 A
z } 0.0392699 /
{ v'/ \ \\ - /
4] ] \ m3fs | = |
'J f | — f [ w0
\ k‘ \J \ 5.0 . mm
W / | rrurbzéi:) oz |
\ ‘ / AN
\\F/ / / Se v
|2 \ 100 |m \‘
< >
Pressure loss L 317.5654 | kPa
32.4409 m of fluid
/
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MOODY DIAGRAM AND HAZEN-WILLIAMS FORMULA

| 8

Moody Chart

‘<0.00005

: 0.00001

7.9535E+4

Flow Characteristics

mean V: 1.288 m/s 4.9955kg/fs
\\ 0.005
\ m3fs
// 1.288 mfs 0.00023
L (Turbulent) =
—— max V: 1.632m/s f

+£+0.000005
0.000001

0.0703

For the "Hazen-Williams" calculation method for circular
cross-section straight pipes, the Moody diagram shows
the relationship between the roughness coefficient of
the Hazen-Williams formula and the friction coefficient
of Darcy. The diagram also shows the limits of
applicability of the Hazen-Williams formula.

<
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Geometrical characteristi
Help m Hazen »Wlll@ms roughness coefficient
[(= ]
PR P =
4 N ( 4.9955 kafs A
{/ A . 0.005 /
lll‘ v'l \ '.l‘ \\ \ =7 ‘:
| = J ——
- —
W J 1.288mfs
A \ / L (Turbulent) —
\¥/ 4 : Y
< L2 & >
2 Z 4t
Pressure loss | 333.97 67 Pa
0.0341 m of fiuid
04/06/2021




GRID PLOT

lal§ Grid plot
Geometry of the grid

D =0.0703 m
d=0.015m

S = 0.003881508 m2
s =0.0001767146 m2
n=7
s.n = 0.001237002 m2
s.n/S =31.87 %

Cartesian and polar coordinates of the holes

= x (m) y (m)

0.01171666 0.02029386
2 -0.01171667 | 0.02029386
3 -0.02343333 | -2.048607E-09
4 -0.01171666 | -0.02029386
5 0.01171666 | -0.02029386
6 0.02343333 | 4.0972146-09
7 0 0

) For "Grid" components (perforated
plate), the application provides a grid
plot with the coordinates of each hole.

Example of a perforated plate plot:
Geometrical characteristi
.4;9310%';9/5 | » g/( LOEOS | & A
HE \)\ \ A a042mfs =
LZBﬁ/s»,/;l \\‘\\“ “\ (Turbulent) \ m -
r(m) theta (%) (Turbulent) /'/ } '\ A‘ 0.015 ]:\
0.02343333 60 Cgfp‘gg‘ame ‘v,\'\\___ / —Y /4; Y
0.02343333 120 . ot
0.02343333 -180 ‘ 7 0.007
0.02343333 -120 3 m
0.02343333 0
0.02343333 0
o o 1.1384 m of fluid
g 15
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THE COMPONENTS

HydrauCalc - © Frangois Corre 2017-2021

16

04/06/2021




STRAIGHT PIPES

Y 4 “N\ fl\\

Circular cross-section

Rectangular cross-section

Triangular cross-section

The proposed calculation methods:

0 IDELCHIK

O Uniform
equation)

a Nonuniform roughness walls (Colebrook-
White equation)

O Smooth roughness walls (Filonenko and
Althsul equation)

0O Explicit Darcy friction factor

O MILLER
O Roughness walls (Swamee-Jain equation)
Q Explicit Darcy friction factor

0 HAZEN-WILLIAMS (only circular cross-secti
0 Roughness walls (Hazen-Williams equatj

roughness  walls  (Nikuradze

The proposed calculations:

O Pressure loss
- a Volume flow rate
Q Length of pipe
///% (- 0 Inside diameter (circylar cross-section)
;\'w R Annular cross-section 0 Height or width (re€tangular cross-section)
v/_//’ ‘ O Height or baseftriangular cross-section)
| 17
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- The proposed calculation methods:
Smooth bend with circular cross-section
O IDELCHIK
O MILLER
_ o . O CRANE
Miter bend with circular cross-section , ,
Q Pipe Flow Guide /
/ —  Smooth bend with rectangular The proposed calculations:
/ ' cross-section O Pressure loss
/L i Z 0 Volume flow rate
Miter bend with rectangular
cross-section
S I S 18
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BENDS

New R2021a The proposed calculation methods:
Composite bend 90° with circular

cross-section (4 x 22.5°) O IDELCHIK
N O MILLER
Mew R2(i21a
New ,\.4.\;&.1‘: . | O CRANE
Composite bend 90° with circular
Q

cross-section (3 x 30°) Pipe Flow Guide /
New R2021a ™ 4 caleulat
Composite bend 90° with circular e proposed calculations:
cross-section (2 x 45°) 0 Pressure loss
O Volume flow rate

New R2021a
Helical tube
19
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CHANGES OF CROSS-SECTION
N i
C ~ Th sed calculation methods:

N = Sudden expansion € proposed cajciation metho
e a IDELCHIK

D W Sudden contraction sharp o MILLER
N — | Sudden contraction rounded 0 Pipe Flow Guide
A (R Sudden contraction bevelled The proposed calculations:

- ] N /d//,_ O Pressure loss
(}\j) . h" ; Gradual expansion O Volume flow rate

) O Y : Gradual contraction
. 20
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ENTRANCE OF PIPELINE

_ ’ (  Flush-mounted sharp-edged entrance
-~ ({ Flush-mounted rounded entrance

- ({ Flush-mounted bevelled entrance

) Sharp-edged entrance mounted at
a distance

~ 7 Sharp-edged entrance mounted at

The proposed calculation methods:

0 IDELCHIK
Q MILLER
o CRANE

O Pipe Flow Guide /

The proposed calculations:

Q Pressure loss

0 Volume flow rate

an angle
21
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DISCHARGE OF PIPELINE
_— ‘ The proposed calculation methods:
N = Flush-mounted sharp-edged discharge
- 0 IDELCHIK
] O MILLER
N Flush-mounted rounded discharge 0 CRANE
R O Pipe Flow Guide /
_p- Sharp-edged discharge mounted at
)\~ ) adistance The proposed calculations:
7 | Q Pressure loss
a Volume flow rate
22
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JUNCTIONS

— —  Combining sharp-edged junction
— —  Dividing sharp-edged junction

; —~  Symmetric combining sharp-edged
~ T-junction
[

< —  Symmetric dividing sharp-edged
*‘ uf T-junction

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

Q IDELCHIK
O MILLER
O CRANE
The proposed calculations:
O Pressure loss in each branch
23
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JUNCTIONS (FoLLowrNe)

— —  Combining radiused-edged T-junction
- —  Dividing radiused-edged T-junction

— ~  Symmetric combining radiused-
edged T-junction

= —  Symmetric dividing radiused-edged
— A F%‘ T-junction

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

O MILLER
O Pipe Flow Guide

The proposed calculations:
O Pressure loss in each branch

24
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RESTRICTION ORIFICES

Thick-edged orifice

212

Sharp-edged orifice

Bevelled-edged orifice

Radiused-edged orifice

468
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The proposed calculation methods:

0 IDELCHIK

O MILLER

0 CRANE

0 Pipe Flow Guide

The proposed calculations

O Pressure loss
0 Volume flow rate
0 Orifice diameter

/

25
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RESTRICTION ORIFICES (FoLLown

Thick-edged orifice
(in transition section)

Sharp-edged orifice
(in transition section)

Bevel-edged orifice
(in transition section)

Round-edged orifice
(in transition section)

SRR

HydrauCalc - © Frangois Corre 2017-2021

NG)

The proposed calculation methods:

0O IDELCHIK
O Pipe Flow Guide

The proposed calculations
O Pressure loss
0 Volume flow rate
Q Orifice diameter

/

26
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GRIDS

Thick-edged grid

Sharp-edged grid

— Bevelled-edged grid

|l Radiused-edged grid

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

0 IDELCHIK
O MILLER
O Pipe Flow Guide

Holes diameter

0O 0O 0 D

Holes number

The proposed calculations:
Pressure loss
Volume flow rate

27
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MEASUREMENT ORIFICES

Orifice plate flowmeter

@ @

= Mew R2021a
Y - '

Nozzle and Venturi nozzle flowmeter

“‘ ’x. \
@H@ - New Rz2021a
—~ | Venturi tube flowmeter

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

O ISO 5167:2003
O ISO 5167:1991
O CRANE 1999

The proposed calculations:

Measured differential pressure,
Net pressure loss
Volume flow rate

0O 0O 0 o

Orifice diameter

Vs

28

04/06/2021




VALVES

e 4

% Y globe valve

Ball valve
Butterfly valve

Globe valve

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

0 IDELCHIK
O MILLER

O Manufacturers

The proposed calculations:
Q Pressure loss
0 Volume flow rate

29
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CHECK VALVES

Swing check valve

Lift check valve

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation methods:

0O IDELCHIK

O Manufacturers

The proposed calculations:
Q Pressure loss

30
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PUMP QUICK DESIGN

Suction lift operation
Tank with pipe ending below the fluid level

Suction lift operation
Free flow from the pipe ending above the
water level

Suction head operation
Tank with pipe ending below the fluid level

Suction head operation
Free flow from the pipe ending above the
water level

HydrauCalc - © Frangois Corre 2017-2021

The proposed calculation method:

0 KSB Manufacturer

Vs

ablgANPSH,)
discharge lines

The proposed calculations:
Q Total Dynamic Head (TDH)
0 Net Positive Suction Head a

QO Pressure loss in suction a

m]

Pressures at the pumpAflanges

31
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THE MEASURE UNITS

HydrauCalc - © Frangois Corre 2017-2021

N\
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UNIT SYSTEM SELECTION

1219 Unit system selection X

Length unit
e -
Diameter and radius unit

Cancel
milimeter (mm) v
Thickness unit
meter (m) < Load unit system
Absolute roughness unit Sl unit
meter (m) Vi =

Slunit ('C)

Temperature unit
degree Celsius (°C) v Slunit ('C, bar)

Pressure unit

Imperial unit
kiloPascal (kPa) N =
Hydraulic load unit CGS unit
meter (m) N

MKpS unit
Velocity unit
meter per second (m/s) v MTS unit
Volume flow rate unit

USCS unit
cubic meter per second (m3/s) N
Mass flow rate unit
kilogram per second (kg/s) 7
Density unit
kilogram per cubic meter (kg/m?) v
Dynamic viscosity unit
Newton second per square meter (N.s/m?) N
Kinematic viscosity unit Define unit system

2

E=E el pe e e Define as user unit 1
Mass unit
kilogram (kg) v Define as user unit 2
fowes ik Define as user unit 3
kilowatt (kw) N

HYUmUWTm'UﬂWYW'mmTIi

Units can be selected:
- individually
- by unit systems

The user can define his own systems of
units (within the
systems)

m/fw'/
33
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UNITS MODIFICATION

Fluid characteristics
Fluid : |Water @ 1atm [HC] v
Ref.: IAPWS IF97

Temperature : 20/ |+
Pressure : 101.3

Density : 998.2061 kg
Dynamic Viscosity : 0.00100159 N.s/m?

Kinematic Viscosity : 1.00340E-06 m3/s

Geometrical characteristics

\\

Calculate

39.199 kgfs y A

0.0392699

m3fs

I} S

ya

W | Y 50ms  [ooozs | |
W / | (rurbuient) ! = \
\ / m
\\\_/ A
100
< "
<«
Pressure loss [ l kPa

HydrauCalc - © Frangois Corre 2017-2021

The application has a dynamic unit
conversion engine.

The units displayed in the Fluid Pane
and Component Data Panes can be
changed by simply clicking on the unit
displayed.

After selecting a new unit, the value
entered in the input box s
automatically converted to the n
unit.

The results will be displaye
current units.

34
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THE DATABASES

N

35
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DATABASE - FLUIDS

|2y Fluids database (User tables database : 2 Fluids) b4

HydrauCalc has a fluid characteristics

Yaws liquids database Perry's gases database Yaws gases database RefProp database CoolProp database

User tables database User oils database HC oils database HC tables database Perry's liquids database da"‘a b as e C 0 nS iS‘r i n 9 o f s eve r!a I h u n d r\ e d
Example 1 v Liquid Mixture Vapor . .
Fud et eI ORpaNs | Akiifamrs fluids based on recognized references:

T(C) Rho(kg/m®) Mu(N.sfm?)  Nu(m3/s) )

osowson | 1oz 7 ,, - Perry's Handbook
: oo | 1w - Oil products
- Yaws Handbook

7 |v

T . 20: o Denswlfsc 140.65 ktg:m":1
o e e . Coolprop

[J Authorize modifications - 22 Add fiuid to list .
@® Densty Dyn. Visc O Kn. Vic. Densty @© Dyn. Visc. O K. Visc. ) Refpr‘op (Commg soon )
Density (kg/m?) Dynamic Viscostty (N.s/m?3

. Denaity 2 . Dynamic Viscosity 2

- The user can also define his ow
the form of point tables as a fincfion of
Pw temperature.

10 folE

w200

5 i
° w 100 e X & X ° ” 104 » el
[ logY Tomperature (°C) TOP [ logY Tomperatur () TOP

36
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DATABASE - PIPINGS

:[;.7 Tables of Nominal Diameters

Aluminum Pipes Cast Iron Pipes Black and Galvanized Steel Pipes
Steel Pipes Stainless Steel Pipes Copper Pipes and Tubes
Steel Pipes - EN 10216 - Serie 1
DN Outside diameter (mm)  Wall Thickness (mm) Inside diameter (mm)
6 10.2 0.5 9.2
6 10.2 0.6 9
6 10.2 0.8 8.6
6 10.2 1 8.2
6 10.2 1.2 7.8
6 10.2 14 7.4
6 10.2 1.6 7
6 10.2 1.8 6.6
6 10.2 2 6.2
6 10.2 2.3 5.6
6 10.2 2.6 5
8 13.5 0.5 12,5
8 13.5 0.6 12.3
8 13.5 0.8 11.9
8 13.5 1 11.5
8 13.5 1.2 11.1
8 13.5 1.4 10.7
8 13.5 1.6 10.3
8 13.5 1.8 9.9
8 13.5 2 9.5
8 13.5 2.3 8.9
8 13.5 2.6 8.3
8 13.5 2.9 7.7
8 13.5 3.2 7.1
8 13.5 3.6 6.3
10 17.2 0.5 16.2
10 17.2 0.6 16
10 17.2 0.8 15.6
[ Convett to inch

User database
PVC Plastic Pipes

Area (mm3) A
66.47626
63.6174
58.08818
52.8103
47.78374
43.0085
38.4846
34.21202
30.19078
24.63014
19.635
122.7188
118.8232
111.2205
103.8691
96.76913
89.92045
83.32309
76.97705
70.88235
62.21153
54.1062
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HydrauCalc has a database defining the
diameters of the main pipe standards.

- Steel piping

- Stainless steel piping
- Copper piping

- PVC piping

- Aluminium piping

- Cast iron piping
- Black and galvanized steel pipin

The user can also add his own
tables.
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DATABASE - WALL ROUGHNESS'S

iy

Steel pipes

Type of tubes

New smooth pipes

Centrifugally applied enamels

Mortar lined, good finish

Mortar lined, average finish

Light rust

Heavy brush asphalts, enamels and tars
Heavy rust

Water mains with general tuberculations

HydrauCalc - © Frangois Corre 2017-2021

Miler (ndEd) 150 5167-12003  Fluid Mechanics (7thEd)  Idelchik (3thEd)  Pipe Flow - Guide (2012)

Roughness (mm)
0.025
0.025
0.05

0.1
0.25
0.5
1
1.2

HydrauCalc has a database of values of
absolute roughness of pipe wall from
recognized references:

- MILLER

- IS0 5167-12003

- Fluid Mechanics - F. White
- IDELCHIK

- Pipe Flow Guide

N\
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DATABASE - ROUGHNESS COEFFICIENT

HC}
Tables Hazen-Wiliams
Cast-Iron pipes

Type of tubes

cast, plain

castiron, old, unlined
castiron (10 years old)
cast iron (20 years old)
castiron (30 years old)
castiron (40 years old)
castiron, tar (asphalt) coated
castiron, cement lined
castiron, bituminous lined
castiron, mitumastic
castiron, sea-coated
Ductile Iron Pipe (DIP)
Ductile Iron, cement lined
galvanized, plain
wrought, plain

HydrauCalc - © Frangois Corre 2017-2021

Coefficent
100
40-120
107-113
89-100
75-90
64-83

HydrauCalc has a database of values of
Hazen-Williams roughness coefficient
from:

- Hydraulic Tables by GARDNER S.
WILLIAMS and ALLEN HAZEN - 2nd
Ed. (1914)

AN
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THE TOOLS

N\
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TOOL - CALCULATOR FOR CIRCULAR CROSS-SECTIONS

General Head Drop Formulas
for Steady State and Incompressible Fluid
Formulation Numerical application

Help Info

= 200
= 9.17
= 2

FN

See

| b

O Check the input data

HydrauCalc - © Frangois Corre 2017-2021

55 | ftof fiuid

w

Reset

The application allows, from known
input data and for circular cross-

sections, to automatically
calculate those that can be
deduced.

It is thus possible to determine the
volume flow rate corresponding,
for example, to an imposed mean
velocity, so as fo inform the input
data of the components.
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TOOL - CALCULATOR FOR RECTANGULAR CROSS-SECTIONS

General Head Drop Formulas
for Steady State and Incompressible Fluid

Formulation Numerical application

Help Info

= 20
= 72490
=[ a9

O Check the input data

HydrauCalc - © Frangois Corre 2017-2021

Pa

m of fiuid

w

Reset

The application also makes it
possible, from known input data
and for rectangular cross-
sections, to calculate those that
can be deduced from it.

It is thus possible to determine
the volume flow rate
corresponding, for example, to an
imposed Reynolds number, so as
to inform the input data of
components.
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TOOL - UNITS CONVERSION

121§ Units conversion factors
Mass flow rate Force Pressure Energy Power Density Kinematic Viscosity Dynamic Viscosity
Length Mass Time Temperature Area Volume Velocity Volume flow rate
Unit name Symbol Value )
S.I. unit : meter per second mfs im/s
millimeter per second mm/s 0.001m/s
decimeter per second dm/min 0.1/60 m/s
centimeter per second anfs 0.01m/s
meter per minute m/min 1/60 m/s
decimeter per second dm/s 0.1m/s
decameter per minute dam/min 10/60 m/s
kilometer per hour kmmh 1000/3600 m/s
hectometer per minute hm/min 100/60 m/s
decameter per second dam/s 10m/fs
kilometer per minute km/min 1000/60 m/fs
foot per minute ft/min 0.00508 m/s
foot per minute fpm 0.00508 m/s
yard per minute yd/min 0.01524m/s
yard per minute ypm 0.01524m/s
inch per second infs 0.0254m/s
inch per second ips 0.0254mfs
foot per second ftfs 0.3048 m/s
foot per second fps 0.3048 m/fs
mile per hour mile/h 0.44704m/s
mile per hour mph 0.44704 m/s
yard per second ydfs 0.9144m/fs
yard per second yps 0.9144m/s
mile per minute mile/min 26.8224mfs
mile per minute mpm 26.8224mfs v
Conversion
from inch per second (n/s) v
to 0.08255 meter per second (m/s) v

X

HydrauCalc - © Frangois Corre 2017-2021

The application has a tool allowing:

to view the conversion factors
of the measurement units
integrated in the application,

to convert together units of
measurement of the same
physical size.

N\
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TOOL - ESTIMATE PRESSURE LOSS COEFFICIENT IN LAMINAR FLOW

HydrauCalc - © Frangois Corre 2017-2021

Ll
Laminar loss coefficient relationship to turbulent loss coefficient
MILLER - Figure 14.31 (Re < 1e4)
1000 T ME T T
100 1:\ 3
: d g :Kturb=20
10+ e PN : - Kturb=10 .- -~
: ~Kturb=5
- - Klurb=2.5
s 1 . Kturb=1
= - - - Kturb=
x 3 - Z : 3
B : * Kturb=0.25
014 i Kub=04- - -
: Kturb+0.025
001 : : : Kturb=0,01.
: : - Kturb=0,0025
il i il i
+ t t
10° 10 10° 10° 10*
Re
Laminar flow input data Pressure loss coefficient in turbulent
’ : flow regime (Re > Te4)
V ={0.0001591549 | mfs S =[ 0.031
Qv =| 5.0000606 | m3s am =[ o0 Kb = | 17
d =l 0.2 m Re = Fluid kinematic viscosity
Pressure loss coefficient in laminar flow regime
Kam = | 17.39762 Help o

The application has a tool

This method only applies to minor pressu

making it
possible to obtain an estimate of the
coefficient of pressure loss in the
laminar flow regime, if the coefficient of
pressure loss in the turbulent flow
regime is known.

losses (pipe fittings, valves, etfc.) a
based on the following reference

Internal Flow System, D.S. Miter
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TOOL - MOODY DIAGRAM

Moody Chart

= | Vioady Chart ==
o R

Compare with an other formulation

‘11’

Relative roughness

0.019076

uuuuuu

0.00005

| 0.00001

ompsiErs

Flow Characteristics

+5+0.000005
0.000001

_\JmeanV: 1.288m/s

max V: 1.567 m/s

A

Hydrau, diam.
- ms

mm

.

HydrauCalc - © Frangois Corre 2017-2021

The application has a tool to calculate the
coefficient of friction from more than
40 other formulations published by
recognized scientists. The curves of iso-
values of relative roughness are plotted
in a Moody diagram and the calculated
point is presented.

The velocity profile of the
corresponding to the calculation
also plotted in a pipe of sam
diameter as that of the com
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TOOL - MOODY DIAGRAM FoLLowine)

Moody Chart

ColeBrook-White Equation (1939)
Swamee-Jain Equation (1976)

v Info
v Info

Moady Chart

|

f

0.013076 | Comparaison

ColeBrook-White Equation (1939)

f1=0.01907611

Swamee-Jain Equation (1976)
2=0.01903223 i
Relative difference: (f1-f2) /f1x 100
0.23% i

10 L0 Tr

A

.\_\‘\ =

sy
e 000001

0.00005

soxsiees

Flow Characteristics

154&*‘190‘000005
%~ 0.000001

_N\[meanV: 1.288m/s 4.9910kgfs A
\\ 18
\ mh Hydrau,| diam.
- LYCTenq .
,,,,,,,,,, ’x 0.0703
7 ==
/I 1.288 m/s 0.01 o
74 (Turbulent) T
= max V: 1.567 m/s \/— 7v7
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This tool also makes it possible to
compare two different formulations
for determining the Darcy friction
coefficient.

The relative difference found at the
calculation point is calculated and
displayed on the diagram.
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TOOL - FLUID COMPARATOR

|2y HydrauCalc 2018a - Comparison of fluids characteristics (maximum: 6) X

—_ The application has a tool to
Fid : | Mobil Teresstic T 32 v 1](2][3]]4 Al L.
oot s compare the characteristics of
" T i the fluids integrated in the
2 Mobil SHC 639 [HC oil database] -15.000 270.000 . . .
3 Shell Tellus S2 V 15 [HC oil database] -42,000 160.000 apphca"'lon or‘ def”‘]ed by "'he user‘
4 Mobil Teresstic T 32 [HC oil database] -30.000 222.000
(density, dynamic viscosity and
@® Density O Kin. Visc. @® Dyn. Visc O Kin. Visc kinemaTic ViSCOSiTy)'
Density (kg/m?) N Dynamic Viscosity (N.s/m?3

N

Oynamic Visce st (N.sm)

00 - 10t
160 o % 200 s aco o0 o o 20 P aco
[ legY Tomperature (¢} logY  Tempenturecc) 4 7
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THE CALCULATION REPORT

N\

48

HydrauCalc - © Frangois Corre 2017-2021 04/06/2021




CALCULATION REPORT

b e i To include a calculation result in a
=] [_—i u iz [?2 2500 solved problems in fluid mechanics hydraulics - 1989 - Schaum's - Problem 9.64 - page 209 | documen‘rl |1’ |S poSS|b|e 1’0 Copy The
O] s M =] e wmdovy using the button and
o — N : paste it into the document.
(P = e e 7N\ T TR
2 b [\  -—— [ The screenshot contains all the data
[ \ N |
), e - \ %o |+ used for the calculation and the
| omw Oomm Omw ¥/ : ) Y ' results:
e B \ [ommms | . . .
< > o inthe title bar:
FC:Z e o the release of the application,
o . G : o the type of component calculated
i? i Descpation symbel Voo it i calculation method used,
QR § ::::sia:::ma 2; 72::229 :x M . .
' Internal pipe volume v 50265,47 2 @] In The fIUId pClne-
~ e e s - o the characteristics of the f, ,
\ \J Relative roughness A 0,00010625 .
\,) 2oy P T o o inthe component pan
T B o i ki) . el o the input data of the ponent,
s e = = o the desired main result (value in green
Bhars colour),
i o the additional résults from the calculation.
HydrauCalc - © Frangois Corre 2017-2021 04/06/2021

THE DATA EXPORT

N

HydrauCalc - © Frangois Corre 2017-2021 04/06/2021




DATA EXPORT

B [ C [ D E F [ G =
- For each component, the
2 . .
-2 input data and the main

4 Straight pipe circular cross-section and nonuniform roughness walls - IDELCHIK (3rd Ed.) r'eSUH'S can be COpled to

5 Diameter 0,3333598 m

: Enpésgt(;]ross-sectlon area 0.087%80%32 m? The CI |pboar!dl us|n9 The

en ,6m -~ .

8 Absolute Roughness 4,60E-005m button| ) , for reuse in

9 Volume flow rate 2557719 m%s . .

10 Pressure loss 1,00E+009 Pa GnOTher' GpplICCl'I'IOh, fOI“

" Fluid head 102191,5 m of fluid I d h

12 Pressure loss coefficient 23,33955 examp ea spr‘ea S eeT-

13 Darcy Friction Factor 0,01276324

14 Flow velocity 293,0464 m/s

15 Reynolds number 1,00E+008

16 Hydraulic power loss 2,56E+010 W

17 Density 997,9705 kg/m*

18 Dynamic Viscosity 9,75E-004 N.s/m*

19 Kinematic Viscosity 9,77E-007 m*/s

20

21 v

' Feuille1 { Feuille2 [ Feuille3 / < >|
HydrauCalc - © Frangois Corre 2017-2021 04/06/2021
LA B c 0 3 F G H | J K I M N 0 . .
12 Référence : Pipe Flow - A Practical and Comprehensive Guide (2012) - Example 7.4 - page 71 Ex Po rt' ng T h e ma' n daTa and
: results to a spreadsheet
)
3 90" LR Elbow (4) . aP;:;;N::PhMZaF:«NsdPs‘Nﬂ.dPuNsdPs a”ows you -ro perfor‘m
s . _ Gate Valve (2) ey . .
s : additional calculations such as:
n P1-P2=dP+dH
2 P1-P2 17,380 psi .
> o Calculation of the total
5 Check Valve P1-P2 17,41 psi I f Th . -1_
B 2 o pr‘essur‘e 0SS O e cCcircul
I 45" LR Elbow 7a% : .
. CURE L by summing the pressure
20 FIGURE 7.1. Four-inch pipe section. I f h 1—
a 0sses oT eac Componen
2 .
23
— : : o Search  for the f|
26 Straight pipe circular cross-section and nonuniform roughness walls -| Smooth bend with circular cross-section - Pipe Flow - Guide (2012) Smooth bend with circular cross-section - Pipe Flow - Guide (2012) . . . .
e ) L g circulating in  the cir
T e AT from the sum
31 Volume flow rate 0,05681 m*/s Absolute Roughness 0,00015 ft Absolute Roughness 0,00015 ft
T Shst0e] of it il it L pressure loss coe
34 K1|Pressure loss coefficient 1,77655 Fluid head 1,191?7 ftof fluid Fluid head 1,7375 ftoffluid d .
e o e — an using
% i i | oeiE it ot | o Gl st oveti | ARl | nTeg rated
33 rho |Density 62,3013 Ib/fe® : Density - ’52,‘3013 kh;'h’ . Density . 52,43013 \b;'ﬁ’ -
e e e [rom T spreadsheet.
b
Feuill P <

HydrauCalc - © Frangois Corre 2017-2021
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THE ASSURANCE QUALITY

HydrauCalc - © Frangois

Corre 2017-2021

N
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TECHNICAL DOCUMENTATION

[ HydrauCalc - Help

]

Masquer Chercher Précédent Andter Actual

loig

iser _Accuel _Imprimer _Qptions

99900009000 - -

<

u all flow regimes:

Pressure | Fficient (based on the mean pipe velocity):

([1] equation 2-2)

Total pressure loss (Pa):

([1] equation 2-2)

Total head loss of fluid (m):

Hydraulic power loss (W):

HydrauCalc - © Frangois Corre 2017-2021

In general, each component has several
calculation methods that come from
different reference works. For all
components, each calculation method is
detailed in a technical document including:

o A description of the method used

o The mathematical formulation of th
model

o The nomenclature wused for
equations

o The range of the formulation

o Anexample of an applicati

o The bibliographic refergnce (s) used for
modelling
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COMPONENTS MODEL VALIDATION

HydrauCalc comes with a document that provides a comparison of software results 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 results obtained by the HydrauCalc application are very close to the published /

results.

At each new software release, a series of tests is performed to check the

regression of the software features.

55
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THE ROAD MAP

N\
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ROAD MAP

Next release (2021b release):
o Add new components.

o Add Excel functions library for performing pressures loss calculations in an Excel
spreadsheet (see brief description on following pages).

N

Following releases:

o Gradual addition of new components.

57
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What is HydrauCalcXL Add-in?

HydrauCalcXL Add-in is a library of functions that has been developed to calculate the pressure
losses of hydraulic components in Microsoft Excel®. This library allows the direct call of
functions relating to the calculation of pressure losses. It comes from the HydrauCalc

application which is based mainly on recognized and respected references in the field of flow

and pressure losses calculation.
The HydrauCalcXL functions can be used via the user interface of Excel, like the own integrate

functions of Excel.

The joint use of this library and the solver integrated in Excel® (solver of nonlinear sygfémg/of
equations) makes it possible o solve iterative flow problems and to perform multi-variables

optimization analyzes of fluid systems.

58
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The functions of the HydrauCalcXL library

The HydrauCalcXL library includes three types of functions:

0 Functions for calculating pressure losses of piping components such as straight pipes, bends,

transitions, bifurcations, orifices, grids, Pipeline entrances, Pipeline discharges (54 functions).

Q Functions for calculation between the different variables entering into the general pressure
loss formulas (pressure loss, pressure loss coefficient, flow coefficient, volume flow, mass flow,

Reynolds number, flow velocity , ...) (81 functions).

O Functions to convert units of measure to each other (17 functions).

59
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The available piping components
Straight pipes: Transitions:
WA @ 1D C&r (8 (8 T CX
Bends: Pipeline entrances:
(oGl Ealededes|ce

Junctions: Pipeline discharges:
pu— | | — | p— | p— p—| p—| p— | p— L K| <=
2o | SaX | i | T || S Qs )] |
Orifices: Grids:
(o (& ( (7 ( (7 | (B ( § (B (B
L&l G .\ig RS \:_?)i - ’\Ei L&\ |\ & \ &
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Example of a function call of a category

1. Insert Function

2. Select a category

Insert Function 7 X

Search for a function:

Type a brief description of what you want to do and then Go
k Go
“D X% A = % %) Conditiona
By ~ (7 Format as1
Paste D. Font | Alignment | Number = * Select a function:
. ¥ v . (7 Cell Styles ) =
Clipboard % sty .
NUMBERVAL
. NOMEERVALUE | pydrauCalciL-packed
Al e HC Reynolds Number
FIXED HC Pressure Loss v
HC Pressure Loss Coefficient
A B c Insert Function SQRT(UmbED  |1C trsiamt Pis
I:l Returns the square r{HC Orifices v

Help on this function

Cancel

woa W -

3. Select a function 4. Enter function arguments

Insert Function ? X Function Arguments ?
Search for a function: b ircularC ion_dP
Type a brief description of what you want to do and then Go MinorDiameter |0.0431 [2] = oo
Go —
MajorDiameter |0, 2| = 00703
Or select a category: HC Transitions v jorDi: r 00703 é
VolumeFlowrate | 0.005 2| = o005
Select a function: — |
2| = ¥
[ ontractionCircularCi X DSty ) 908.2061 2] - ssaz06
| ircularCrossSection_dP FluidKinematicViscosity | 0.000001003397 ﬂ = 1.0034E-06
[ ircularCy _dP
[ ircularCrossSection_dP
[ X - .41
| TransitionsuddenContractionSharpCircularCrossSection_dP . . aesainse
This function calculates the pressure loss generated by a flow in a Sudden expansion with Circular
[ cross-section.
Eia O Son dP (N ) FluidKinematicViscosity Fluid kinematic viscosity (m/s).
This function calculates the pressure loss generated by a flow in a Sudden
expansion with Circular cross-section.
Formula result = 2283410156
Help on this function Cancel oK Cancel

HydrauCalc - © Frangois Corre 2017-2021
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Example of a function a component

m] X

Classeur2.xlsx - Excel =B
Insert Draw Pagelayout Formulas Data Review View Developer Help Solver Foundation Acrobat HydrauCalc Q Tell me ,O+ Share
Clipboard Font Alignment Number Styles Cells Editing
SQRT 5 X v K =PipeStraightCircuIarCrossSecﬁon_dP(SCSlO;SCSll;SCS7;$C$S;$CIS6;;SC512)
L g PipegtraightcircularCrcssSecti;n_dP(lntern;IDlameter; Pipelength; Vt‘JIIumeFIcwratle; FIuidDensi;y; FIuidKine;nati(Viscosilty
1] ; CalculationMethod; AbsoluteRoughness; DarcyFrictionFactor; HazenWilliamsRoughnessCoefficient; CheckData)
2 | This function calculates the pressure loss generated by a flow in a Straight pipe with Circular cross-section
3 | FluidKinematicViscosity: Fluid kinematic viscosity (m¥/s)
4| Flow data:
5 | 998.2
6 | 1.003E-06 s
7| 0.01|m?*/s
8 4
9 4
10 0.1lm
1| 10In
12 0.00001Im
13
14 Pressure loss in pipe: | 1434.2229_'Pa
151
Fonction call ® <
Edit i) B - +

[»
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Examples of systems solved using HydrauCalcXL and Excel solver

Reference: AFT Fathom 10 Reference: Applied Fluid Mechanics
Title: Examples - Sizing a pump Title: Example 12.4 page 309
Find: Pump working point Find: Flowrate in each branch

f}iper ‘1: 41( =: o ; —-‘

Reservoir |

®
%
|
J
|
|
|

Process control i l
devices

&P2

J
Lower
Reservoir

R B
of =T _J =

Pump J2 - Head ] |
T 100 7\\‘ 3m
3
% 80 '
; 60 w— Pump Curve K=12
S - = S l
o il I/

L g poimnT
0

Note: Inlet and outlet pipes: DN 50 Sch. 40
0.00 0.02 0.04 0.06 Branch pipes a, b, and ¢: DN 25 Sch. 40
flowrate (m?®/s) Elbows are standard

\
|
-
Gt
®
(o))
w

HydrauCalc - © Frangois Corre 2017-2021 04/06/2021

Examples of systems solved using HydrauCalcXL and Excel solver

Reference: AFT Fathom 10 Reference: Flomaster v2020
Title: Examples - Hot Water System Title: Marine Cooling System
Find: Pumps working point Find: Diameters of restriction orifices
16 J;g/ A 15 9 37 Cooling Water Circuit
E’- P19 ) P20 . P21 m A . 321 ; " . 2 L 1
P18 i :F ” 15 Jy 30
os s o5 s o Ao 1:: il -7“ W n ;tJ 1
3 ["3 ; il : Ay ) q 20 21 k 1
fg L) a8 ] 51
a5
. ol o Af a7 2?1 5
g ors m o2 PuneA o ) g 1 8 3 iag_ [ v 1
2 r_. < e ‘ﬂ ok :[ 32 25
P23 47
P9 P10 o 53 . 5;9 3€. 54.‘ % 21 69“ 4495 4‘8 - t S0
. h P8 B.,;_W:B P7 . . 515 %1.
-~ o S N T .
PS Ps z.r%sﬁs . * 56 i 3
4 ¥ ?

; : 64
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