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Cmugzded pipes are pipes with walls of rough h 
coasisting ofdim& grooves periodicaIly disposed along the 
flow diredon and ~ommonly use in agh&ng application 
such as irrigation, Mivery dwices to main dklributian ducts 
as in transpgz of Liquid Naturat Gas from ships to the 
mainland distribution network and hmt exchanger in heating, 
ventilation, airwditicming etc. The sirnulatian of turWent, 
ineompmsible, Mmnd and singlephase ff ow is 
cmsidered for fiw geometric c u n f i ~ a r s  of wrrugakd 
surfacres with the d i h t  gmavc hcighta, length and spacing 
were d u d  in order to compare their influence m the 
friction fador. The nunlaical analysis wss &ad wa rrsing 
wrnputationd fluid dynamics, and the tw+equation 
trabdencc models was Usdd to compute the friction factors 
and ReynoIds number foc cornprism. The results shows that 
the fiction mop is not solely depend on the roughna height 
but dim on the hi&= of the m&ms and spolee Imwn 
successive rw&ness. 

m O D U m I O I Y :  
Corrugated pipa are p i p e  me in various enginewing 
application such as higdm, mspmatiaa of Liquid Natural 
Cfas h m  ships, d as heat exchanger in h- vcntaation, 
air-conditiming etc with walls of rough smik4s 
periodically along the flow direction Tbey are atso used as 
culverts at r o d  crossings h Canada, the United  stat^, and 
athu countries, as velocities reductian in the culverts for fish 
to trawl upsbam. Since the pipa art large use in many 
enginwing M a e ,  the effect of the mmgated mrhces on the 
flow propdes have k m ~  in study for many years, The flow in 
a pipe w the 0ow between moving parallel plates (plane 
cle#e flow) Wave difFcml ways and various studies on 
the flow of fluid in pipes have be in consideration in past and 
have helped to advance b t h  ow mdmmdhg of the various 

transition scenarias and of the m i w  of fluid. The main 
ktures of turbulence transition in a p b  wwe documental 
long ago by Reynolds [I]. He n o t i d  the posslbiiity to &lay 
the tmMon by supprassing pemabatims in the inflow 
qim, h e  intermkt ehareeta ofthe Wansition, and the 
pram= of vmtices in tbc tddent  regions. He n e t i d  that 
the flow m~ be c h m  by a dimensionlm combination 
of mean d o w r m m  velw U, radius ofthe pipe R and 
kinanatic v i w i t y  v, nowadays known as the Repolds 
number Re = 2 W .  The inkmitht charam ofthe 
transitim and a h c e  of a linear instability of the laminar 
profile make the debtmination of a criticai Reynolds number 
ahwe which ~bulence can be observed a tridcy business, as 
attestad by the huge vaMil i ty of'eritieal numbers &at m be 
found in the l i t u t e .  The turbulent tmjectories ahm abwt 
1650, and most r&mm books and textbooecs quote numbers 
in the range of 2000 to 3000[2].. But an interesting h t u r e  of 
turbulence present in pipe flow that is behw Reynolds 
numbers of abut 2700. h addition, roughness becomes 
important in high Reynolds number flows [3]. The study of 
flow in nan-might pipes back to Nikuradse's 
exwents [4 ]  whose results obtained 6m orrtificialiy 
rwghend pipes, were later arranged in the more well-known 
form of the Moody Diagram IS] whae for laminar flow, ?he 
friction factor is usually shown as independent ofthc 
mghne88. Despite this, ~everal numerical and experimmtal 
studies have shown that the contriMm of d l  shaw is not 
trivial, even in h e  laminar case This happens specihy when 
dealing wiih a wall-shape, rather than just with m e  random 
rougtYless.[6] Many attunpts h d  been made to quantify the 
effect of rwghness cn the overlying flow.[7,8,9]. The effect of 
the roughness shifts the mean vtl&ty profile, downward with 
r q x d  to a smooth wall and affects the friction fadw of 
f o r d  flow.[lO] the change in the wall roughness, imposition 
of a stramwise prwsure gad id ,  or the presence of a free 
surface as in open channel flows can impose change in 
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boundary conditions and generalIy it is a nonlinear 
eombidon  of di the perturbations on the boundmy 
layerr1 13. It has be canfirmed experimentally that the 
mu* strip modulated behaviour of the turbuleat tmmport 
of the Reynolds cspaiatly in L a  region khwm the 
two internal layen and mare pronmoed on the rough s u r b  
than flat sud& and lhe hrt.trulmt kinetic energy i n c m d  in 
ma m a  tban s m a  &ceIl2] .. 
M ~ c ~ m c r  the drag redudan in turbulmt flows at low 
Reynolds numbers associated with the cmmption 
cmrfiguratitions (such as triangular, trspezoida1 and "cEtypcw 
square forms) 1131. Experimentally, it was showed that the 
global fiction fitor inwmed in cmugsted pipes in campare 
with that of moPth pipesf141 and spirally comgated pipes 
with &ties much larger than the rib height tend to haease 
the global fiction factor In comparison with smwth pipdlS). 
Fially, tht friction faam ha- with Reynolds numba 
and lmgth[16] . This paper focus m the efFect of the 
mgated  shape on the fiietion factors for turbulent flow in a 
p i  using wmputatianal fluid dynamics and the two- 
equatim mbulence models for numaid shulatfon. 

NOMENCLATURE 
Ui I d s ]  cumponents of the velocity vector, 
xl [ml compmm ofthe psition -or, 
t Is1 Pme, 
P wd] Fluid density, 
P WmZ] R-e, 
P m.s/m] dynamic Visccsity, 
p, m.dm] Turbulent v i d t y ,  
k Ikglm* 1 Turbulence kinetic energy, 
e h i m +  1 Turbulence hipatian, 
"I, - Reynoldsstressfcnsor, 
Y* 1 9 1  fietion docity 
v [m 1s) kinematic vismity. 
u [&$I velocity 

aoceleration due to gravity. 

[-I fiction h, 
[- 1 Reynolds number and 

THE GOVERNING EQUATIONS 

The Incompressible and isothermal fluid flow in pipes govern 
by mass and momeatum msmation cquationq and in the 
present w r k  thae equatians are solved fix htrbulent flow 
using rts turbuIenw model, 
Consavation d M t s s  

Conservation ofmtlmentum 

av, SUI 13) 
f--+- (p+p, -+- .(%+.?) E, [ / 6%)) 

Negfed source term S, and gravity term pgi e i k t  in above 

equation 
Express the above equation in tylinder polar cmrdmate (21)) 

Along mdid coordinate: 

Twoquotion mdtls  (be) 
In the two-equation models, Mo PDEs equations for the 

turbuIent kinetic energy and h e  iurbulent dissipatim rate. 'Iht 
turbulent viscosity is e x p r d  as a function of K and e and 
equations (8) and (9) are formed. 
Turbulence energy aquatian: - 

Turbulence dissimtion eadon: 

kZ 
and mhlent viscosity /A, = PC, - 

E 

To d y e  equations (5) and (9)  numerically i s  complex. The 

Bciwineq approximatim is used to solve the turbulence [lq. 

The fiidion velocity proposed [I 81 Y = Jm (4 
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Friction factors 

The following equations can be used to estimate the 5ction 
where c is the pmve height . the velocity of the flow at the 
a t r e  is the r n&h  flow. factor 

(a) Dwcy-Weigh& relation 

'he  presswe drop, AP as; 

For the p r m e ,  h e  conditions at the inflow and outnow 

pressures along the axial Imgh L are considered as following. 

(b) Colebrwk -White [I 81 expression 

Where 0 is the pramre gmdient md P(x,,O) is the inflow 

pressure and P(xl,L) is the &ow pressure. The term - ma 
represents the pressure drop dong the direction of Row. 
ap - 0  

Where 

Geometrical modelling 
Five different configurations were assumed for the cormgate 
pipe, involving grooves height and length. Figure below shows 
the representative dimmsims of the wrrugatd pipe, where a 
represents the grooves spacing, b is the @cave length, c is the 
groove height, s is the pitch betwen two consecutive grooves 
and D is the pipe inner diameter. 

(d) Blasius melation h t  is widely mts for flow that 
the Reynolds number less than 1 0 5 . L h  = 0.3162 
Re4" 

consider Length, L = (&b) if atD =l xa and bD = xb 

Equation (18) become 
Boundary conditions 

The flow is considered to be steady, incompressible and 

adiabtic. 2D axis metric model is used one of the bwndaries 

is p d l e l  to the flow (axial symmeby boundary condition) 

and the otha' is coincides with oentrelins of the pipe. The 

velocity along the radial is U, and along the axial is U,. The 

boundaries ppndicular to the flow represent i d o w  and 

wtflow boundaries. Assuming the flow is fully developed. 

' h e  following conditions are assumed 
Figwel. The main dimension dthe  mugated pipe 

Assuming thae is no slip along the dl. 
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Tab1t.l: Numerical wlues of the main dimeasions shown in 
Fig. 3.1, for the five geometric crmfiguations assumed [I 51 

NUMERICAL SMULATION: RESULT AM) 
DISCUSSION 

Water is cansidered as the fluid propeaties with assumed 
density p = 1000 WS, dynamic viscosity, p-lx lW3 and 
Kinematic viscosity v = f x l ~ ~ r n ~ l s .  For easy simuhtion the 
pressure difference is assumed to be 1000~/1n~.and diameter 
of the pipe assumed to be IOOmm. MATLAB language was 
wed to wive the prablems to rehm the f k i h  factors for the 
Reynolds number 10000,2OQ00,311Q00,iH)O00 and 50000. 
These Reynolds numks w r e  used to compute the 
axrespoaded friction factor using Colebrook, Rome1 
expressions and Blasius cwrelation. The dimensions were 
ratad with the diameter of the pipe. 

Figure 2: The friction factors at dilkent Reynolds numb Por 
the five configumtlons 

+ lasiur  correlation 

0.004 - 
0.002 - 

F i m :  Tbe campatison behwan present work, mlekwk, 
Rome!, and Blasius comelatim fw configuratiwls I and 3 

Figrae4: The canparison between p r m t  work Colebrwk, 
Romel and Blstsius for &nfigurations 4 and 5 

0.035 - + Henrique el at  

0.03 - + Experiment 

0.025 - * +  A congf4 

0.02 - II + I  
8.015 - A 
0.01 - 

0.005 - A 
0 1 A A A  1 

Q 20000 40000 m 

Re . 

FigureS: n e  a t p i s o n  between p m t  work Henrique el at 
results and qwhental results (Maales d at) for 
dgurations 4. 

The grave is eonstant in all configurations whirh represent the 
roughnm height of the CoIebrQok White and Rome1 at el 
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equatians at 3% of the diameter of the pipe. The move height 
is I .  1% of the diameter for mfigurations 1 to 4 but 1.5% fPr 
mfigumtiaa 5. From tho figure2, the friction &tor reduced 
as the Reynolds number inaeased. The effects of the 
oonfiguratims oo the Mdion &tor were pronoun& in 
eonfiguration1 than others. The change in groove length 
dimension was much in eonfigurationl. The groove lag& 
was 5% while confi&on 2 was 3% and configuration 3,4 
and 5 wae 4.461. As ~ Q O Y ~  spacing in- the fietion 
Mas i n h  7his qpd with k i q u e  el at repwt and 
shown that the grmve lmgth a f W s  the &idon factor flow. 
i.e. the graove length oontribum to turbulence of the flow. 
~ e ~ o f t h e m g a t e d  srafacconthefiietionfactoris 
very Iow even at high Reynolds numbws. The friction hctw at 
this configuration is dosed to m p o n d i n g  Reynolds 
n u m h  using the Colelmok White and Ramel at el h u l a e  
and the smooth formula of the BIasiw correlation is difiked 
firom others. In the figure 3 and 4 shwn the fiiction factor 
always greater than the smooth flow and the Colhwk White 
and, Rome1 values at Reynolds n& low than 20000. The 
figure5 shown the similarity k w c m  the present work with 
Henrique el at regults and Morales el at m e n t a l  r d t s  
for eonfiguration 4 

Conclusion 

It can be mduded that the gKxwe length aud spacing 
contribute to the loss Df w e  flow in the pipe. Frm the 
discugsioa with inerase in the groove lengths and spacing, 
in- h e  Hctim h. The increase in the Iiiaion fsctor 
is as a result of a mmmtum trans* ahancement between 
the confined recirculation in the growe which can cause 
fluctuation of the velocity near h e  ~~ The fiction 
fador does not depend only on the roughness beigh alone but 
dso on the thickness and spacing of the roughness. The 
equatims depend lonely on t3e roughness height cannot give 
accurate fiction fa- in the pipes.. 
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