
ABSTRACT 

Corrugated pipes are pipes with walls of rough surfaces 

consisting of discrete grooves periodically disposed along the 

flow direction and commonly use in engineering application 
such as irrigation, delivery devices to main distribution ducts 

as in transport of Liquid Natural Gas from ships to the 

mainland distribution network and heat exchanger in heating, 

ventilation, air-conditioning etc. The simulation of turbulent, 

incompressible, isothermal and single-phase flow is 

considered for five geometric configurations of corrugated 

surfaces with the different groove heights, length and spacing 

were evaluated in order to compare their influence on the 

friction factor. The numerical analysis was carried out using 

computational fluid dynamics, and the two-equation 

turbulence models was used to compute the friction factors 
and Reynolds number for comparison. The results shows that 

the friction factor is not solely depend on the roughness height 

but also on the thickness of the roughness and space between 

successive roughness. 

 

INTRODUCTION: 

Corrugated pipes are pipes use in various engineering 

application such as irrigation, transportation of Liquid Natural 

Gas from ships, and as heat exchanger in heating, ventilation, 

air-conditioning etc with walls of rough surfaces groove 

periodically along the flow direction. They are also used as 

culverts at road crossings in Canada, the United States, and 
other countries, as velocities reduction in the culverts for fish 

to travel upstream.  Since the pipes are large use in many 

engineering device, the effect of the corrugated surfaces on the 

flow properties have been in study for many years. The flow in  

a pipe or the flow between moving parallel plates (plane 

Couette flow) behave different ways  and various studies on 

the flow of fluid in pipes have be in consideration in past and 

have helped to advance both our understanding of the various 

transition scenarios and of the properties of fluid. The main 

features of turbulence transition in a pipe were documented 

long ago by Reynolds [1]. He noticed the possibility to delay 

the transition by suppressing perturbations in the inflow 

region, the intermittent character of the transition, and the 
presence of vortices in the turbulent regions. He noticed that 

the flow can be characterized by a dimensionless combination 

of mean downstream velocity U, radius of the pipe R and 

kinematic viscosity ν, nowadays known as the Reynolds 

number Re = 2UR/ν. The intermittent character of the 

transition and absence of a linear instability of the laminar 

profile make the determination of a critical Reynolds number 

above which turbulence can be observed a tricky business, as 

attested by the huge variability of critical numbers that can be 

found in the literature. The  turbulent trajectories above about 

1650, and most reference books and textbooks quote numbers 
in the range of 2000 to 3000[2].. But an interesting feature of 

turbulence present in pipe flow that is   below Reynolds 

numbers of about 2700. In addition, roughness becomes 

important in high Reynolds number flows [3]. The study of 

flow in non-straight pipes dates back to Nikuradse‟s 

experiments[4] whose results obtained from artificially 

roughened pipes, were later arranged in the more well-known 

form of the Moody Diagram [5] where for laminar flow, the 

friction factor is usually shown as independent of the 

roughness. Despite this, several numerical and experimental 

studies have shown that the contribution of wall shape is not 

trivial, even in the laminar case. This happens specially when 
dealing with a wall-shape, rather than just with some random 

roughness.[6] Many attempts had been made to quantify the 

effect of roughness on the overlying flow.[7,8,9]. The effect of 

the roughness shifts the mean velocity profile, downward with 

respect to a smooth wall and affects the friction factor of 

forced flow.[10] the change in  the wall roughness, imposition 

of a streamwise pressure gradient, or the presence of a free 

surface as in open channel flows can impose changes in 
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boundary conditions and generally it is a nonlinear 

combination of all the perturbations on the boundary 

layer[11]. It has be confirmed experimentally  that the 

roughness strip modulated behaviour of the turbulent transport 

of the Reynolds stresses especially in the region between the 

two internal layers and more pronounced on the rough surface 

than flat surface and the turbulent kinetic energy increased in 

rough surface than smooth surface[12] .. 

Moreover the drag reduction in turbulent flows at low 
Reynolds numbers associated with the  corrugation 

configurations (such as triangular, trapezoidal and “d-type” 

square forms) [13]. Experimentally, it was showed that the 

global friction factor increased in corrugated pipes in compare 

with that of smooth pipes[14] and  spirally corrugated pipes 

with cavities much larger than the rib height tend to increase 

the global friction factor in comparison with smooth pipes[15]. 

Finally, the friction factor increases with Reynolds number 

and grooves length[16] . This paper focus on the effect of the 

corrugated shape  on the friction factors for turbulent flow in a 

pipe  using computational fluid dynamics and the two-

equation turbulence models for numerical simulation. 

NOMENCLATURE 

Ui  [m/s] components of the velocity vector, 

xi  [m]  components of the position vector, 

t  [s] Time, 

ρ  [kg/m3] Fluid density, 

P  [N/ m2] Pressure, 

μ  [N.s/m] dynamic Viscosity, 

μt  [N.s/m] Turbulent viscosity, 

k  [kg/m-s ] Turbulence kinetic energy, 

ε  [kg/m-s ] Turbulence dissipation, 

σi j -   Reynolds stress tensor,  
v* [m/s]   friction velocity 

 ν  [m2/s]  kinematic viscosity. 

U  [m/s]   velocity  

D [m]   diameter 

g [m/s2]    acceleration due to gravity. 

 f      [- ] friction factor, 

Re [- ]   Reynolds number and  

 

 

THE GOVERNING EQUATIONS 

The Incompressible and isothermal fluid flow in pipes  govern 
by mass and momentum conservation equations, and in the 

present work these equations are solved for turbulent flow 

using k-ε turbulence model, 

Conservation of Mass  
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Conservation of momentum 

uii

i

ji

j

i

jj

jii Sg
x

p
UU

x

U

xx

UU

t

U






















































   (2) 

 

By Boussinesq hypothesis 
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Equation 2 can be rewritten as 
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Neglect source term Sui and gravity term  ρgi effect in above 

equation 
Express the above equation in cylinder polar coordinate (2D) 
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Along radial coordinate: 
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Along axial coordinate: 
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Two-equation models (k-ε) 

 In the two‐equation models, two PDEs equations for the 

turbulent kinetic energy and the turbulent dissipation rate. The 

turbulent viscosity is expressed as a function of K and ε and 
equations (8) and (9) are formed. 

Turbulence energy equation: 
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Turbulence dissipation equation: 
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Where  Cε1 = 1.44, Cε2 = 1.92, Cμ = 0.09, σk = 1.0, σε = 1.3 

and turbulent viscosity
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To solve equations (5) and (9) numerically is complex. The 

Boussineq approximation is used to solve the turbulence [17].
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The friction velocity proposed [18] L4/PDV*    (9) 
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Friction factors 

The following equations can be used to estimate the friction 

factor 

(a) Darcy-Weisbach relation 

 The pressure drop, ∆P as;  

g2

U

D

L
fP

2
                                          (10) 

(b) Colebrook -White [18] expression  
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(c) Romeo et al.  Expression[18]: 
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(d) Blasius correlation that is widely accepts for flow that 

the Reynolds number less than 105.fsmooth = 0.3162 

Re-0.25 

 

Boundary conditions

 

The flow is considered to be steady, incompressible and 

adiabatic. 2D axis metric model is used one of the boundaries 

is parallel to the flow (axial symmetry boundary condition) 

and the other is coincides with centreline of the pipe. The 

velocity along the radial is Ur and along the axial is Uz. The 

boundaries perpendicular to the flow represent inflow and 

outflow boundaries. Assuming the flow is fully developed.  

The following conditions are assumed 
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Assuming there is no slip along the wall.  

Ur(0,z) =  0 and  Ur(c,z) = Uz(c,z) =  0            (14) 

  

where c is the groove height . the velocity of the flow at the 

centre is the maximum flow. 

i.e. Ur(c,z) = Uz(c,z) = Umax           (15)         

For the pressure, the conditions at the inflow and outflow 

pressures along the axial length L are considered as following.  

P(x1,L) = P(x1,0) - β∆x2    (16) 

Where β is the pressure gradient and P(x1,0) is the inflow 

pressure and P(x1,L) is the outflow pressure. The term – β∆x2 

represents the pressure drop along the direction of flow. 
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Geometrical modelling 

Five different configurations were assumed for the corrugate 

pipe, involving grooves height and length. Figure below shows 

the representative dimensions of the corrugated pipe, where a 

represents the grooves spacing, b is the groove length, c is the 
groove height, s is the pitch between two consecutive grooves 

and D is the pipe inner diameter.  

Consider Length, L = (a+b)   if a/D = xa and b/D = xb  

Equation (18) become   

S4/PV*      (18) 

   

 
Figure1. The main dimension of the corrugated pipe  
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Table.1:  Numerical values of the main dimensions shown in 

Fig. 3.1, for the five geometric configurations assumed [15] 

 

NUMERICAL SIMULATION: RESULT AND 

DISCUSSION 

Water is considered as the fluid properties with assumed 

density ρ = 1000 kg/m3, dynamic viscosity, μ=1x 10-3 and 

Kinematic viscosity ν = 1×10-6m2/s. For easy simulation the 
pressure difference is assumed to be 1000N/m2.and diameter 

of the pipe assumed to be 100mm. MATLAB language was 

used to solve the problems to return the friction factors for the 

Reynolds number 10000,20000,30000,40000 and 50000. 

These Reynolds numbers were used to compute the 

corresponded friction factor using Colebrook, Romel 

expressions and Blasius correlation. The dimensions were 

rated with the diameter of the pipe.

. 

 

Result 

 

Figure 2: The friction factors at different Reynolds number for 

the five configurations  

 

 

Figure3: The comparison between present work, colebrook, 

Romel, and Blasius correlation for configurations 1 and 3 

 

Figure4: The comparison between present work Colebrook, 
Romel and Blasius for configurations 4 and 5  

 

Figure5: The comparison between present work Henrique el at 

results and experimental results (Morales el at) for 

configurations 4.  

 

Discussions 

The grove is constant in all configurations which represent the 

roughness height of the Colebrook White and Romel at el 
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equations at 3% of the diameter of the pipe. The groove height 

is 1.1% of the diameter for configurations 1 to 4 but 1.5% for 

configuration 5. From the figure2, the friction factor reduced 

as the Reynolds number increased. The effects of the 

configurations on the friction factor were pronounced in 

configuration1 than others.   The change in  groove length 

dimension was much  in configuration1. The groove length 

was 5% while configuration 2 was 3% and configuration 3,4 

and 5 were 4%/. As groove spacing increased, the friction 
factors increased. This agreed with Henrique el at report and 

shown that the groove length affects the friction factor flow.  

i.e. the groove length contributes to turbulence of the flow.  

The effect of the corrugated surface on the friction factor is 

very low even at high Reynolds numbers. The friction factor at 

this configuration is closed to corresponding Reynolds 

numbers using the Colebook White and Romel at el formulae 

and the smooth formula of the Blasius correlation is differed 

from others.  In the figure 3 and 4 shwn the friction factor 

always greater than the smooth flow and the Colebrook White 

and , Romel values  at Reynolds number low than 20000. The 

figure5 shown   the similarity between the present work with 
Henrique el at results and Morales el at experimental results 

for configuration 4 

Conclusion 

It can be concluded that the groove length and spacing 

contribute to the loss of pressure flow in the pipe. From the 

discussion with increase in the groove lengths and spacing, 

increase the friction factor. The increase in the friction factor 

is as a result of a momentum transfer enhancement between 

the confined recirculation in the groove which can cause 

fluctuation of the velocity near the corrugated, The friction 
factor does not depend only on the roughness height alone but 

also on the thickness and spacing of the roughness. The 

equations   depend lonely on the roughness height cannot give 

accurate friction factor in the pipes..  
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