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Straight Pipe
Annular Cross-Section and Roughness Walls
(MILLER)

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.

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 turbulent flow regime by the explicit Swamee-Jain equation (dependent of
the value of relative roughness), the explicit Swamee-Jain equation is a
Colebrook-White equation approximation,

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?):

. dOZ _ dlZ
4

A=rx

Mean velocity (m/s):

b-Q
A
Mass flow rate (kg/s):

m=Q-p



http://www.hydraucalc.com/
http://www.hydraucalc.com/

Fluid volume in the pipe (m?):
V=AL

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

Reynolds number:
_uU-D
14

Re

Laminar flow coefficient:
Cf =f(d,/d,)

([1] figure 8.8)

Straight pipe with annular cross-section
Laminar flow coefficient
MILLER - Figure 8.8
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Darcy friction factor:
B |aminar flow regime (Re < 2000):

Darcy friction factor for annular cross-section:
Cf

" _Re ([1] equation 8.7)




Darcy Friction Factor (Laminar flow)
Straight pipe with annular cross-section (Cf = 90.0)
MILLER (roughness walls)
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B turbulent flow regime - transition region and complete furbulence region (Re >
4000):

Darcy friction factor for circular cross-section:
Swamee-Jain equation (Colebrook-White equation approximation)
0.25

fcirc - 2
o k N 5.74
g 3.7-D Re®

Reynolds number corresponding to the beginning of complete furbulence:

Re"lim = @

Kk
é ([2] diagram 2.4)

([1] equation 8.4)

Transition region
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Darcy Friction Factor (Turbulent-transition flow)
Circular cross-section pipes
MILLER (roughness walls)
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Complete turbulence region

Darcy Friction Factor (Turbulent-quadratic flow)
Circular cross-section pipes
MILLER (roughness walls)
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Darcy friction factor for annular cross-section:

f

=1.05-f

annu

@cl ([1] equation 8.5)

W critical flow regime (2000 < Re < 4000):

Darcy friction factor for circular cross-section:

cubic interpolation

fcirc

=(X1+R-(X2+R-(X3+ X4)))

(3D

with:
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Darcy Friction Factor (Critical region)
Circular cross-section pipes

MILLER (roughness walls)
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Darcy friction factor for annular cross-section:

f.., =1.05-f

annu circ

Friction pressure loss
L

K, =f

Relative eccentricity:
2-e
d1 B do

e =

([1] equation 8.5)

coefficient:

" ([1] equation 8.3)

Correction for axis eccentricity:

Cf,. =f(e,d,/d, )

([1] figure 8.2)



Straight pipe with annular cross-section
Correction factor for eccentricity
MILLER - Figure 8.2
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Total pressure loss coefficient (based on the mean pipe velocity):
K=K, -Cf,,.

Total pressure loss (Pa):
p-U?

AP =K -

([1] equation 8.1b)

Total head loss of fluid (m):
2
AH =K -2
2-9 .
([1] equation 8.1a)

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

Symbols, Definitions, SI Units:

di Annulus inner diameter (m)
do Annulus outer diameter (m)
D Hydraulic diameter (m)

A Cross-section area (m?)

Q Volume flow rate (m?3/s)

V) Mean velocity (m/s)

m Mass flow rate (kg/s)

L Pipe length (m)

Vv Fluid volume in the pipe (m?)
M Fluid mass in the pipe (kg)
Re Reynolds number ()

Cf Laminar flow coefficient ()
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Re"lim
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Validity range:

Absolute roughness of walls (m)

Darcy friction factor for circular cross-section ()

Reynolds number corresponding to the beginning of complete turbulence
0

Darcy friction factor for annular cross-section ()

Friction pressure loss coefficient ()

Pipes eccentricity (m)

Relative eccentricity ()

Correction for axis eccentricity ()

Total 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 k/D < 0.05

e stabilized flow

e relative eccentricity <0.9
note: for relative eccentricity greater than 0.9, the correction factor for axis
eccentricity 'Cfecc' is extrapolated

Example of application:



m HydrauCalc 2019k - [Straight pipe annular cross-section and roughness walls - MILLER (2nd Ed.]] -

File Edit Preferences Calculation method Database Tools  Help

o B

Fluid characteristics Geometrical characteristics
Fluid: | Water @ 1atm [HC] | [ Hep | | Info | | MoodyChart Calculate
Ref.: IAPWS IF97

il <

Pressure : P 1.013 bar — di
| 0.0703
di m

Density : p 998,2061 kgfm? ] — |

Dynamic Viscosity @ n 0.0010015% M.sfm2 n!|

Kinematic Viscosity : v 1.00340E-08 m3fs

@ Density O Dyn. Visc, O Kin. Visc,
1010

@HEFIHINES

1000 -
Pressure loss bar
A 0.1822 m of fluid
g80 .. ...
E- Complementary results
‘g Designation Symbol Value Unit
'_E' e Hydraulic diameter o} 0.0272 m
L Annulus cross-section area A 0.002422545 m2
a0 L0 Annulus volume v 0.002422545 m?
Mass of fluid in the annulus M 2418199 kg
Diameters ratio di/d2 0.6130868
80 Relative roughness kD 0.0003676471
Relative eccentricity g 1]
Reynolds number Re 55949,25
950 A 8.3 .3 .3 8. .10 Limiting Reynolds number for quadratic law Re” lim 1523200
10020 30 40 S0 60 TO B0 80 100 % Friction factor for drcular cross-section fiirc 0.02172814
[ logy Temperature {*C) E Friction factor for annular cross-section fannu 0.02231455
| Correction factor for eccentricity (Figure 8.2) Cfecc 1
Pressure loss per length unit 0.01783322 bar fm
m Pressure loss coeffident {based on the mean pipe velocity) K 0.8387703
Hydraulic power loss Wh 8.916608 W
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