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Straight Pipe

Triangular Cross-Section and Nonuniform Roughness Walls

(IDELCHIK)
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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:
o for laminar flow regime by the law of Hagen-Poiseuille (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 (°):
—tan?t| 2o
p =tan (2-hj

Hydraulic diameter (m):
2-h
1
——+1
tan®( ) i

D, =

Cross-section area (m?):
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Mean velocity (m/s):

W, = <
0 FO

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

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

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

Reynolds number:

_W, D,
Vv

Re

Relative roughness:

A=
Dh

Darcy friction factor for circular cross-section:

B laminar flow regime (Re < Reo):
Hagen-Poiseudille law

64
ﬂ“circ =
Re :
([1] diagram 2.1)
Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (nonuniform roughness walls)
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B turbulent flow regime - fransition 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'nm = E
A

([1] §2.23)

Reynolds number corresponding to the beginning of complete turbulence:

Re";, = 5_90
A

([1] diagram 2.4)

Transition region

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

—— deltalDh = TE-06 —— delta/Dh = TE-05 —— delta/Dh = 0.

—— delta/Dh =0.0004 —— delta/Dh = 0.0008 —— delta/Dh = 0.002
delta/Dh = 0.006 —— delta/Dh=0.01 delta/Dh = 0.02
deltalDh=0.03 —— deltalDh=0.05

Lambda

Re

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

Ay, =f(Re,A)

([1] diagram 2.3)

Reynolds number of start of critical zone:

Re, =754 exp(%&msj

([1]1 §2.21)

Reynolds number at end of critical zone:

1 0.0635
Re, = 2090(=j
A

([1] §2.22)

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

—— deltalDh = TE-06 —— delta/Dh = TE-05 delta/Dh = 0.

—— delta/lDh =0.0004 —— delta/Dh = 0.0008 delta/Dh = 0.002
delta/Dh =0.006 —— delta/Dh=0.01 delta/Dh = 0.02
deltalDh =003 —— delta/Dh =0.05
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® all flow regimes:

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

—— deltalDh = TE-06 —— delta/Dh = TE-05 delta/Dh = 0.
—— 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 =0.03 —— delta/Dh =0.05
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Correction for Darcy friction factor for triangular cross-section:
B laminar flow (Re < 2000):

I(non—c =f (ﬂ)

([1] diagram 2.8)

Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re <= 2000)
IDELCHIK - Diagram 2-8
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m turbulent flow (Re > 2000):
knon—c =f (ﬂ)

([1] diagram 2.8)
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Straight pipe with triangular cross-section
Correction factor for triangular cross-section (Re > 2000)
IDELCHIK - Diagram 2-8
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Darcy friction factor for triangular cross-section:

ﬂ'tria = ﬂ“circ ) knon—c ([1] diagl"am 28)

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

g = A‘tria ’

|
Ov ] ([1] diagram 2.8)

Total pressure loss (Pa):

2
AP =¢ .2V
2 ([1] diagram 2.8)
Total head loss of fluid (m):

AH=¢-

2

WO
2.

g9

Hydraulic power loss (W):

Wh = AP -Q

Symbols, Definitions, SI Units:

ao
h
B
Dn
Fo
Q

Wo

Cross-section base (m)
Cross-section height(m)
Half top angle (°)
Hydraulic diameter (m)
Cross-sectional area (m?)
Volume flow rate (m?/s)
Mean velocity (m/s)



Re'lim
Re"lim
Reo
Re2
Knon-c

kfria

G
AP

AH
Wh

p
v

g9

Validity range:

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)
Gravitational acceleration (m/s?)

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

e relative roughness A <0.05

e stabilized flow

Example of input data and results:
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Fluid characteristics Geometrical characteristics
\
@ Fud: | Water @ 1 atm [HC] v] | Hep | | o | | Moody Chart Calaulate
Ref.: IAPWS IF97
T 1 <
Pressure : p 1.013| bar
Density : o 998,2061 kgfm?
Dynamic Viscosity : 1 0.0010015% M.sfm2
Kinematic Viscosity : v 1.00340E-06 m3fs
(® Density O Dyn. Vise. () Kin. Visc,
1010 - s
1000 ;
Pressure loss | 0.003236998 | bar
. . e AH 0.0949 m of fiuid
E- Complementary results
E : Lo N L Designation Symbol Value Unit
T o0 . ] P00 00 0000 Baydh 0.0 (00 o o
'_E' 5 Foon a2y 5 F Hydraulic diameter Ch 0.04142136 m
H : Top angle 2p %0 :
ao L. L 1 Pipe cross-section area FO 0.0025 m2
0 Internal pipe volume v 0.0025 m3
E ©c o 3 g9 35 @8 t Mass of fluid in the pipe M 2.495515 ka
980 Joo il Relative roughness A 0.0002414213
5 E 8 5 a 8 =8 & Reynolds number Re 82562.24
2 Friction factor for crcular cross-section i 0.01982567
950 A e Iﬁ Correction factor for triangular cross-section knon-c 0.9719
0020 30 40 50 680 7O Friction factor for triangular cross-section Rtria 0.01926857
[ logy Temperature {*C) Pressure loss per length unit 0.009286938 barm
Pressure loss coefficent (based on the mean pipe velodty) c 0.4651845
Hydraulic power loss Wh 4,643499 W
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