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Gradual Contraction

Circular Cross-Section
(Pipe Flow - Guide)

Model description:

This model of component calculates the head loss (pressure drop) generated by the flow
in a gradual contraction. The head loss by friction in the gradual contraction is also
taken into account.

The head loss by friction in the inlet and outlet piping is not taken into account in this
component.

Model formulation:

Ratio of small to large diameter:
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d,

B

Top cone angle (°):
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Major cross-sectional area (m?):
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A=r

Minor cross-sectional area (m?2):
d,’
4

A,=rm-

Mean velocity in major diameter (m/s):

Mean velocity in minor diameter (m/s):
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Mass flow rate (kg/s):
G=Q oy

Fluid volume in the truncated cone (m?):
2 2
V=] Z . ﬁ + d_2 + ﬂ . d_2
3 2 2 2 2

Fluid mass in the truncated cone (kg):
M=V pn

Reynolds number in major diameter:

NRe1 = Vl . dl
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Reynolds number in minor diameter:
— \Z 'dz
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Darcy friction factor:
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Colebrook-White equation ([1] equation 3.6)
Darcy Friction Factor
Pipe Flow - Guide (2012) - Equation 3.6
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Friction pressure loss coefficient:

Kfr2 -
8 sm[zj
([1] equation 10.16)

Gradual contraction
Friction pressure loss coefficient (f = 0.02)
Pipe Flow - Guide (2012) - Equation 10.16
—— d&2dT=0 —— &dT=05 —— d&2dT=06 —— d2Z[di=07

—— d2/d1=08 —— d2/d1=0.485 d2/d1=09 —— d2/d1=0.95
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([1] equation 10.16 with f =
0.02)

Jeft velocity ratio:

4
A=1+ o.eszz-(&j5 (1-0.2155% ~0.7855%)

([1] equation 10.18)

Gradual contraction
Jet velocity ratio
Pipe Flow - Guide (2012) - Equation 10.18

— d2/dT=10 — d2[dT=05 — d2id1=06 —— d2id71=07
—— d2/d1=08 —— d2/d1=0.485 d2/d1=09 —— d2/d1 =095
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Local resistance coefficient:



Keonz =0.0696 - sin(%j : (1— ,85)- A2+ (a-1

([1] equation 10.17)

Gradual contraction
Coefficient of local resistance
Pipe Flow - Guide (2012) - Equation 10.17

— d2[d1 =10 — d2[d1=05 — d2idT=06 — dZid7=0.7
—— d2/d1=08 —— d2/d1=0.85 d2/d1 =09 —— d2/d1=0.95

06

Kcon2

0 5‘0 1(;0 I 1;0
Alpha (°)

Total pressure loss coefficient (based on mean velocity in minor diameter):

K2 = Kfr2 + Kcon2

([1] equation 10.11)

Total pressure loss (Pa):

2
AP =K, .Pm V2 2"2

Total head loss of fluid (m):

2
AH:KZ.\Z’L
g

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

Symbols, Definitions, SI Units:

di Major diameter (m)

d> Minor diameter (m)

B Ratio of small to large diameter ()

| Contraction length (m)

o Top cone angle (°)

A1 Major cross-sectional area (m?)

Az Minor cross-sectional area (m?)

Vi Mean velocity in major diameter (m/s)

Ve Mean velocity in minor diameter (m/s)



Validity range:

Volume flow rate (m?/s)

Mass flow rate (kg/s)

Fluid volume in the truncated cone (m?)
Fluid mass in the truncated cone (kg)
Reynolds number in major diameter ()
Reynolds number in minor diameter ()
Darcy friction factor ()

Absolute roughness of the cone walls (m)
Friction pressure loss coefficient ()

Jet velocity ratio ()

Local resistance coefficient ()

Total pressure loss coefficient (based on mean velocity in minor
diameter) ()

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?)

e turbulent flow regime in minor diameter (NRez > 10%)

Example of application:
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Fluid characteristics

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

eweness 7 [«

Pressure : P 1013 bar

Density : p 998.2061 kg/m3

Dynamic Viscosity @ L 0.0010015% M.sfm2

Qv
D
™
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Geometrical characteristics
Help Info

Calculate

Kinematic Viscosity : v 1.00340E-08 m3fs 1.288 mfs
(Turbulent)
(® Density O Dyn. Vise. () Kin. Visc, V1
1010 R ———_—_——— .
m
1000 AP
Pressure loss bar
AH - 0.1308 m of fluid
90
? Complementary results
‘_g‘ . Designation Symbol Value Unit
'_E' bl A Diameters ratio B 0.6130868
DS 5 Major cross-section area Al 0.003381508 m2
ara L. Minor cross-section area A2 0.001458963 m?
Cross-sections area ratio AZA1 0.3758754
m Internal truncated cone volume v 2.573391E-05 m?
80 Mass of fluid in the bend M 0.02568774 kg
Major diameter Reynolds number MRel 90251
Minor diameter Reynolds number MRe2 147207.5
950 A 8.3 .3 .3 8. .10 Top angle of cone oL 107.3463 =
1020 30 40 S0 B0 70 B0 8O 100 | Darcy Friction Factor (Equation 3.5) f 0.0180455
[ logy Temperature {*C) 2|2 %5 Friction pressure loss coefficient (Equation 10.16) Kfr2 0.002404265
%5 3et velodity ratio (Equation 10.18) A 1.35013
@ Coefficent of local resistance (Equation 10.17) Kcon2 0.2159508
Pressure loss coefficient (based on velodity in minor diameter) K2 0.2183551
Hydraulic power loss Wh 6,399922 W
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