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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-Poiseuille (independent of the value
of relative roughness),
e for furbulent 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, —d

Cross-section area (m?):

D,? —d?
4

F=r

Mean velocity (m/s):

Mass flow rate (kg/s):
G=Qp
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Fluid volume in the pipe (m?):
V=F,-I

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

Reynolds number:

_W, D,
Vv

Re

Relative roughness:

A=l
Dh

Relative eccentricity:
2-e
D, —d

e =

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

e =

™ Re| (1] diagram 2.1)

Darcy Friction Factor (Laminar flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
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B turbulent flow regime - transition region and complete turbulence region (Re >
4000):



Nikuradse equation

o

1

circ

[ai +Db, -log(Re: \/I) +C;- Iog(Z)}2

([1] diagram 2.2)

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

A-Re {1 a; by !
36-10 -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 1.138 0.000 -2.000

26.9

lim =~ =1.143
A

Re'

([1]1 §2.17)

Reynolds number at which pipe cease to be hydraulically smooth:

Reynolds number corresponding to the beginning of complete turbulence:

Re" 217.6 —382.4-log(A)
€ lim — Z
([1] diagram 2.2)
Transition region
Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
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Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
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B critical flow regime (2000 < Re < 4000):
linear interpolation

A =41 Re—2000 s Re— 2000
e 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)
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® all flow regimes:
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Correction for Darcy friction factor for annular cross-section

Darcy Friction Factor
Circular cross-section pipes
IDELCHIK (uniform roughness walls)
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B laminar flow (Re < 2000):

k, =f(d/Dy)

([1] diagram 2.7)

Straight pipe with annular cross-section
Correction factor for annular cross-section {Re <= 2000)
IDELCHIK - Diagram 2-7
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® 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 = 1E+07

—— HRe=10000l —— Re=50000 —— Re=1
—— Re =500000 —— Re=1000000 —— Re = 5000000

1.07 ——r

T

LI e

T

106 I
105 -

104 L

k2r

1.03

1.02

101 L. /{,"

0.0 0.1 02 0.3 0.4 0.5 0.6 07 0.8 09 1.0
d/DO

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

Blzf(d/DO)

([1] diagram 2.7)

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

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

([1] diagram 2.7)



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

[— dD0<=050 — dD0>=070]

L RN SIS NS

k'ell

08 f } } - o } i

Darcy friction factor for annular cross-section:
B laminar flow (Re < 2000):
Aoy = Agre - Ky, - B

annu circ 1r 1

B furbulent flow (Re > 2000):
A = ﬂ’circ ) k2r ’ k IeII

annu

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

non—-c

B turbulent flow (Re > 2000):
k = k2r -k IeII

non—-c

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

I
=1 -k L
é‘ circ non-c Dh

([1] diagram 2.7)

Total pressure loss (Pa):

2
AP:;%

([1] diagram 2.7)

Total head loss of fluid (m):

2

AH=¢-

WO
2.9




Hydraulic power loss (W):

Wh=AP-Q

Symbols, Definitions, SI Units:

Do
d

Dn
Fo
Q

Wo

=T <—O®

Validity range:

e any flow

Annulus outer diameter (m)

Annulus inner diameter (m)

Hydraulic diameter (m)

Cross-sectional area (m?)

Volume flow rate (m?3/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) ()
Correction for noncircular cross-section (turbulent regime) ()
Correction for eccentricity (laminar regime) ()

Correction for eccentricity (turbulent regime) ()

Darcy friction factor for annular 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?)

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

note: for Reynolds number lower than 10* or greater than 107, the correction
factor 'k2r' is extrapolated

e relative roughness A <0.05

e stabilized flow



Example of input data and results:
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Fluid characteristics

Fluid : |Waher @ 1atm [HC]

Ref.: IAPWS IF97

e 7 <
Pressure : p 1.013| bar
Density : o 998.2061 kajm?

Dynamic Viscosity : 1 0.0010015% M.sfm2
Kinematic Viscosity : v 1.00340E-06 m3fs

@87 YRS

Geometrical characteristics
| Help | | Info | | Moody Chart

Calculate

(® Density O Dyn. Vise. () Kin. Visc,
1010 — -
1000
Pressure loss | 0.01684124
AH 0.1720 m of fluid
seo f.. 0.
E- Complementary results
‘g Designation Symbol Value Unit
'_:';' = Hydraulic diameter Ch 0.0272 m
L Annulus cross-section area FO 0.002422545 m2
oo L0 Annulus volume v 0.002422545 m?
Mass of fluid in the annulus M 2418199 kg
L Diameters ratio d/Do 0.6130868
a80 - Relative roughness A 00003676471
5 Relative eccentricity = i}
: Reynolds number Re 5504925
050 A AR 3 3 13 ; Iﬁ Friction factor for drcular cross-section it 0.02033022
1020 30 40 S0 B0 70 B0 8O 100 | Correction factor for annular cross-section (Diag 2-7) k2r 1.057176
[ loay Temperature [*C) | Correction factor for eccentricity (Diag 2-7) Kel 1
Friction factor for annular cross-section Aannu 0.0215454%
Pressure loss per length unit 0.01684124 bar fmi
mm Pressure loss coeffident {based on the mean pipe velocity) g 0.7921135
Hydraulic power loss Wwh 8.420619 W
0
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