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Smooth Bend
Rectangular Cross-Section
(MILLER)

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):
D~ 2-b-W
b +W ([1] equation 9.5)

Cross-section area (m?):

A=b-W|

Mean velocity (m/s):

T

A

Length measured along the axis (m):

L=2-7-r- O
360

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

Fluid volume (m?):
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V=A-L

Fluid mass (kg):
M=V .p

Reynolds number:
~uU.-D
Y ([1] equation 9.6)

Re

Basic resistance coefficient:

¥ r
Kb Zf(v—v,ebj

([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)

Theta

([1] figure 9.6)

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)
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([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)
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([1] figure 9.8)

For any sides ratio 'b/W' between 0.5 and 2, the coefficient Kbv" is obtained by
curvilinear interpolation between the values of Ky~ calculated for aspect ratios of 0.5, 1

and 2.

Reynolds number correction factor:

o =f(Re,L)
W

([1] figure 9.3)




Smooth bend
Reynolds number correction factor (CRe)
MILLER - Figure 9.3
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([1] figure 9.3)

mr/W<1
®r/W>07orkKs <04

Cro =f1 (Re,%}
([1] figure 9.3 with r/W=1)
® otherwise (r/W < 0.7 and Kv" > 0.4)
Kb*

C
R K, -0.2C',,+0.2

([1] equation 9.2)

with:

Cre :f(Re,L)
D ([1] figure 9.3 with r/W=1)

Outlet pipe length correction factor (optional):

B correction factor for circular cross-section
® 0, < 100°

C, :f(%",Kb*j

([1] figure 9.4)




Smooth bend with circular cross-section
Outlet pipe length correction (Co)
MILLER - Figure 9.4

— Kb"<=0.10 —— Kb"=0.15 —— Kb"=020 —— Kb"=025
— Kb*>=1.0

Lo/d

® 0, > 100°
C, =1

(0]

(negligible effect)

B correction factor for rectangular cross-section
®b/W<0.7and Lo/D > 1

1-C,
2

Cor =1-

® b/W>1landLo/D<1
¢15<r/W<3

C, =2

¢r/W<150rr/W=3

C, =C,

® otherwise
Cor :CO

If this option is not activated, the factors C, and Cor are equal to unity.

Darcy friction factor:

f :f(Re,EJ
D

See Straight Pipe - Rectanqgular Cross-Section and Roughness Walls (MILLER)
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Darcy Friction Factor
Circular cross-section pipes
MILLER - Roughness walls
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Roughness correction factor:
f

C, = _rough
Fsmoorr ([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 > 109, Cs is calculated from equation (9.3) for Re = 10°

Corrected loss coefficient:
Kb = Kb* 'CRe 'Cor 'Cf

([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)

Total head loss of fluid (m):
U2
2-9 ([1] equation 8.1a)

AH =K -

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




Straight length of equivalent pressure loss (m):

L

€q

—K.-

Symbols, Definitions, SI Units:

Validity range:

T<O@PIrTCcp>aU0T <

0
)

Cross-section height (m)

Cross-section width (m)

Bend hydraulic diameter (m)

Bend internal diameter (m)

Cross-section area (m?)

Volume flow rate (m?/s)

Mean velocity (m/s)

Length measured along the axis (m)

Radius of curvature (m)

Curvature angle (°)

Mass flow rate (kg/s)

Fluid volume (m?)

Fluid mass (kg)

Reynolds number ()

Basic loss coefficient ()

Reynolds number correction factor ()

Outlet pipe length correction factor for circular cross-section ()
Outlet pipe length correction factor for rectangular cross-section ()
Length of the straight section downstream of the bend (m)
Darcy friction factor ()

Absolute roughness of walls (m)

Roughness correction factor ()

Corrected loss coefficient ()

Total pressure loss coefficient (based on the mean velocity in the bend)
0)

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?)

turbulent flow regime (Re > 10%)

stabilized flow upstream bend

curvature angle: between 10° and 180°

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 Ko~ are obtained by linear extrapolation from the values of Ko"
calculated for sides ratios of 0.5 and 1.

Example of application:

i.i_i.! HydrauCalc 2020a - [Smooth bend with rectangular cross-section - MILLER (2nd Ed )] — *
File Edit Preferences Calculation method Database Tools Help
vy
o T r r
'd I[' i = /i :/i
Fluid characteristics Geometrical characteristics
@ Fluid : |Water @ 1 atm [HC] w Help - : Calculate
Ref.: IAPWS IF97 Info [ oos | !
i
Teperatwe: 1 [ ] «c e ——r
i
Pressure : -] LOEO5 | k
’ 8 1013 bar o [roe0s ] k \L i
m # o
Density : o 998.2061 kgjm3 \ ; b
Dynamic Viscosity : 1 0.00100155  M.sfm2 r i m
Kinematic Viscosity : 1.00340E-06 m3fs 4 0.175 Pressure loss
;
. o ! 0.001043333
(®) Density (O pyn. visc,. () Kin. Visc. m > AP =
/ g~ ! AH 0.0107 m of fluid
1010 e , z i
LI_\I_‘ N (- il : : Option: Outlet pipe length correction factor
: —-—-—-—-—-—-y—-—-—-—-f-— [ use outlet pipe length correction factor
1000 . m 4.9910kgfs u |
= = B B B > 8 = B y == 1945852
s .2 3 2 8 8 ¢ Q 1'?,"?!5
] N - —E "\ (Turbulent)
Qg0
- ? Complementary results
? Designation Symbol Value Unit
- fa0
% Hydraulic diameter D 0.06666667 m
DE Passage cross-section area A 0.005 m?
a0 Sides ratio b 2
Relative radius of curvature riw EE
@\ Developed straight length from the axis L 0.2743893 m
\}J 80 @ Basic coeffident (Figures 9.6 9.7 9.8) Kb* 0.127294
@ Reynolds number correction factor (Figure 9.3) CRe 1.585444
@ QOutlet tangent correction (Figure 9.4) Co i
950 Sy Corrected coefficient Co for rectangular cross-section Cor i
10020 30 40 50 680 TO BO 80 100 Relative roughness kD 0.00015
[ log¥ ) LS Roughness correction cf 1.035796
Reynolds number Re 66440.97
Corrected pressure loss coeffident Kb 0,2090416
mam Pressure loss coefficient (based on the mean bend velocity) K 0.2090416
Hydraulic power loss Wh 0.5216665 W
o Straight length of equivalent pressure loss Leg 0.6902463 m
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