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Abstract

Pressure drop in pipes can be calculated by usinarci>Weisbach
formula. In order to use this formula, Darcy frimti factor should be
known. The best approximation to Darcy frictiontéador turbulent flow is
given by Colebrook-White equation. This equation oaly be solved by
numerical root finding methods. There are severtieo approximate
equations to Darcy friction factor with some relati error compared to
Colebrook-White equation. In some of these equsitiba percentage error
is so small that they can be used directly in plat€olebrook equation. In
this study relative error of several equations ezeevaluated.

BORULARDAK i SURTUNME KAYIPLARI
ANAL iZINDE DARCY-WEISBACH
SURTUNME KATSAYISI HESAPLARINDA
COLEBROOK-WHITE DENKLEM 1 YERINE
GECECEK DONGUSEL OLMAYAN
COZUMLU DENKLEMLER 1IN HATA ANAL izi

Ozetce

Borulardaki sdrtiinme basing kayiplari Darcy-Weidbadormula ile
hesaplanir. Bu basin¢g kaybini hesaplamak icin f dparsurtinme
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katsayisinin  hesaplanmasi gereklidir. Turbllanslkislarda Darcy
surtinme katsayisinin hesaplanmasinda en gecerieyd Colebrook-White
denklemidir, ancak bu denklem sayisal kdk bulmaeydleri kullanilarak
¢ozilebilen bir denklemdir. Colebrook-White denktenyaklgim yapan ve
direk olarak cozilebilen géli denklemler mevcuttur. Bu denklemlerin
bazilarinin Colebrook-White denklemiyle kiyasigmtla hata yizdeleri
¢ok kucik oldgundan, direk olarak bu denklemin yerine kulaniimala
mimkindidr. Yazimizda sgé Darcy surtinme faktérti denklemlerinin
Colebrook — White denklemine gore goreceli hatatalénmitir.

Keywords: Darcy —Weisbach pressure drop formula, Pressur@ dmo
pipes, Colebrook equation, Friction factors.

Anahtar Kelimeler: Darcy-Weichbach basin¢ ¢limi, Boru ici basing
disimu, Colebrook denklemi.

1. INTRODUCTION

The pressure loss in pipe flow is calculated byngisDarcy-

Weisbach equation. The equation is given as:

L V2
AP=f—p—
D'o2

_ pVD
Y7

Re

1)

In equation (1)4P is the pressure drop,is Darcy friction factorD is the
hydraulic diameter of the pipe amlis the average velocity. Darcy friction
factor f depends onhie flow regime. For fully developed laminar flow
(Reynolds numberRe < 2100) friction factor can be determined
HagenrPoiseuille equation as

from

(2)

Where, ReReynolds number. The definition of the Re number loa given
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Where p is the density and p is the dynamic viscosity loé fluid. In
equation (2) the friction factor changes inverseith Reynolds number.
For transition region (2108 Re< 4000 and turbulent regiorRe> 4000 in
smooth as well as rough pighe friction factor can be described by
Colebrook-White equation.

2. FRICTION FACTOR EQUATIONS AND ERROR
ANALYSIS

Colebrook-White equation (1937)[4]
Colebrook-White equation can be defined as

1 =_ZIOQm[(e/D)+ 251} @

Jf 37 Re/f

Wheree/D is the relative roughness which is the ratio ofriresan height «
roughness of the pipe to the pipe diameter. As $&en equation (4) tf
friction factor is function of Reynolds number apibe roughnesse).
Colebrook-White equation cannot be solvéckctly due to it's an implic
form as the value dfappears on both side of the equation. In ordephee
equation (4) a numerical root finding method, feample NewtorRaphso
method can be used.

Assume
1
X = —— 5)
NG
_ (/D) 251 }
f(X)=X+2log,| ——~+—X 6
(X) 910[ 37 " Re (6)
251
Olf(X):1+2 Re (7)
dX [(a/D)+2.51X}
3.7 Re
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=x - HOh o ®

Xk+1_ k [df(X)}
dx |,

Equation (8) is required to belsed iteratively. In order to solve t
eqguation, an initial guess is needed. If the valuthe first guess is diver
from the true root value too much equation mightvawge very slowly ¢
might not converge at all. In order to find thesfiguess &lue one of th
approximate formulas given below can be used. B@mgle Haalan
equation can be used to give the first estimatialues for the Colebrook-
White equation. The result of some of the approxiomaequations listed
very close to the result obtained from Colebr&@hite equation. When tl
error level of the new equation is relatively sma#quirement of usir
ColebrookWhite equation can be eliminated all together. c@ation o
pipe pressure drop usually calculated by compuiReplachg an iterativ
root finding problem with a directly calculatableuation could sa\
computer calculation time. The simler equation bareasily computed
using simpler computational environment such agammable calculatc
or spreadsheet programs such as MS Excel. Sonhe @olebrook¥/hite

equation approximation formulas are listed below.

Haaland equation (1983) [23]

A good approximate equation shown. Haaland equatadid for turbulen
flow (Re>2300)

1 (/D))" 69 9
\/T 1.8Ioglo{[ 37 ] +Re} 9)

Moody equation (1944) [9]
Developed a relationship that is valid for all raagf Reynolds numbe
and relative roughness as follows.
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6 1/3
f= 5.5x10'3[1+(2x10“(5/D)+ %} ] (10)

Wood equation (1966) [18]
Its validation region forRe>10000 , and 18 (s/D) < 0.04

f =a+bRe™® 11Y
Where
a=053¢/D)+ 0094/ D)%% (12)
b=8g¢/D)* (13)
C=162¢/D)** (14)

Churchill equation (1977) [3]
This equation is valid for all ranges of Reynamdsnbers.

f = SKin +(A+ B)—sfz} (15)
Re
Where
| (/D) . (7)” * L
A { 2|oglo(—3.7 +(Re) H (16)
B = (37530) (17)
Re

Chen equation (1979) [2]
Chen proposed the following equation for frictitactor covering all tr
ranges of Reynolds number and relative roughness.
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1 (e/D)) 5.0452A
—=-2lo - 18
Jf gl{(s.mssj Re } (18)
Where
~ (/D)™ 58506
A_Iogm( 28257  Re®™ (19)

Swamee-Jain equation (1976) [14]
Its validation region for 5000 >Re>100.00004<¢/D)<0.05. Swamee-
Jain have developed the following equation to tlaeck friction factor.

025

f= X (20)
Where
_ (el D) 574
A"Oglo( 37 Reo.g (21)

Zigrang - Sylvester equation (1982) [20]
Developed a relationship that is valid for all raagf Reynolds numbe
and relative roughness as follows

1 (¢/D)) 502B ;
\/_ 2Iog10K Y j Re } (22
A= ((ng) 13) (23)
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Serghides equation (1984) [22]

Serghides equation is an approximation of the ioiplColebrook¥hite
equation. It is valid for all ranges of Reynoldsnhers and relativ
roughness as follows.

% - A—% (25)
Where

A= -2 Iogl{( (£ ?f 'S)j + %} (26)

B= —2|ong (£ é 'S)j " Zgﬂ 27)

C= —2|ong (£ ?{.S)j " 2.:25} 28)

Goudar- Sonnad equation (2008)[21]

Goudar-Sonnad equation is an approximation of thplicit Colebrook
White equation. This equation is valid for all rangd Reynolds numbe
and relative roughness. It has the following form.

RN

(30)

Where

In(L0)
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(e/D) @

b=
3.7
d="09 pe (32
5.02
s=bd+In(d) (33)
q - S(s./(s+l)) (34)
(35

g =hd+In(d/q)
z=(ﬂj 36]

g
_ 9
O, =—— 37
r= 5o’ (37)
z/2
Oncp =0, 4| 1+ 38
CFA LA( (g +1)2 + (2/3)(29 _1)J ( )

Romeo equation (2002) [11]
Developed a relationship that is valid for all raagf Reynolds numbe

and relative roughness as follows.

1 £/D)) 50278
i o S50 (%)
f 3.7065 Re
09924 09345
A=log,. [(EID)j { 5.3326 j (40)
7.7918 208815+ Re
(e/D) 4567Aj
B=lo - 41
g“’( 3827 Re (41)
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In order to determine the relative error of alldheapproximate formule
relative error of each equation is with respecCtdebrookWhite equatio
is calculated by using the following equation:

Relative Error= (feomookanse ~ 1:)><100 (42)

Colebrook-White

3. RESULTS
The results for the relative error are shown gregdhy. Results obtaine
from error analysis are briefly explained below.
- In transition region relative error is too highs the effect of turbulen
increased (for high Reynolds number) the relatiwerewill be decrease
If the approximation formulas are scaled in theeordf relative error, Be
results are obtained from Gouddonnad equation, Serghides equa
Romeo equation; Ziagrang equation and Chen equatierfailiowed up i
the given order.
- When a comparison according to degree of ther esranade, Goudar-
Sonnad equation with small percentage error orgdeeerls 18 % is ven
close to the result obtained from Colebrdtkite equation. Then the n
best equation is Serghides equation with percentage order 10 %
which is also can be used practically.
- Because of these equations is precision enough, need foruse
Colebrook-White iterative solution seems to be glated.
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Goudar vs Colebrook comparison
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Figure 1. The amount of relative error comparis@ivieen Goudar and
Colebrook-White equations
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Figure 2. The amount of relative error comparisetwieen Serghides ar
Colebrook-White equations
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0 x10™ Romeo vs Colebrook comparison
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Figure 3. The amount of relative error comparisogivieen Romeo a
Colebrook-White equations

x10™* Zigrang vs Colebrook comparison
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Figure 4. The amount of relative error comparisatvieen Zigrang and
Colebrook-White equations
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x10° Chenvs Colebrook comparison
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Figure 5. The amount of relative error comparisaiviieen Chen and
Colebrook-White equations
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Figure 6. The amount of relative error comparisetween Haaland and
Colebrook-White equations

12



Error Analysis of Non-Iterative Friction Factor Fotulas Relative to Colebrook-
White Equation for The Calculation of Pressure Dnofipes

REFERENCES

[1]. Barr, D.I.H., “Solutions of the Colebrodkthite functions for resistance to uniform turbu
flows.”, Proc. Inst. Civil. Engrs. Part 2. 71,1981.

[2]. Chen, N.H.;An Explicit Equation for Friction factor in PipeInd. Eng. Chem. Fundam., V
18, No. 3, 296-297, 1979.

[3]. Churchill, S.W., “Friction factor equationsays all fluid-flow ranges.”, Chem. Eng., 91,1977.

[4]. Colebrook, C.F. and White, C.M:Experiments with Fluid friction roughened pipePioc
R.Soc.(A), 161,1937.

[5]. Haaland, S.E., “Simpland Explicit formulas for friction factor in turkent pipe flow.”, Trans
ASME, JFE, 105, 1983.

[6]. Liou, C.P., “Limiations and proper use of thazenWilliams equations.”, J. Hydr., En
124(9), 951-954, 1998.

[7]. Manadilli, G., “Replace implicitequations with sigmoidal functions.”, Chem.Eng. rial
104(8), 1997.

[8]. McKeon, B.J., Swanson, C.J., Zagarola, M.V.nbelly, R.J. and Smits, A.Friction factor:
for smooth pipe flow.”, J.Fluid Mechanics, Vol.5411,-44, 2004.

[9]. Moody, L.F., “Friction factors for pipe flows Trans. ASME, 66,641,1944.

[10]. Nikuradse, J. “Stroemungsgesetze in rauhemé&o” Ver. Dtsch. Ing. Forsch., 361, 1933.

[11]. Romeo, E., Royo, C., and Monzon,, Almproved explicit equations for estimation tfe
friction factor in rough and smooth pipe<Chem. Eng. J86, 369—-374, 2002.

[12]. Round, G.F., “An explicit approximation fohne friction factorReynolds number relation 1
rough and smooth pipes.”, Can. J. Chem. Eng., 581222t980.

[13]. Schlichting, H., “Boundary-Layer Theory” ,Mc@&r—Hill, New York, 1979.

[14]. Swamee, P.K. and Jain, A.K., “Explicit eqaatifor pipe flow problems.”, Blydr. Div., ASCE
102(5), 657-664, 1976.

[15]. U.S. Bureau of Reclamation., “Friction factdos large conduit floing full.” Engineering
Monograph, No7, U.S. Dept. of Interior, Washington, D.C, 1965.

[16]. Von Bernuth, R. D., and Wilson, ,T:Friction factors for small diameter plastic pipes.
Hydraul. Eng, 1152), 183-192, 1989.

[17]. Wesseling, J., and Homma, Fydraulic resistance of drain pipes.” Neth. J. ikgiSci, 15
183-197, 1967.

[18]. Wood, D.J., “An Explicit friction factor reteonship.”, Civil Eng., 60-61,1966.

[19]. Zagarola, M. V., “Mean-flow Scaling of Turlent Pipe Flow,” Ph.D.thesis, Prietor
University, USA, 1996.

[20]. Zigrang, D.J. and Sylvester, N.DExplicit approximations to the Colebrook’s frictidactor.”
AICHE J. 28, 3, 514, 1982.

[21]. Goudar, C.T. and Sonnad, J.R. , “Comparisothefiterative approximations of the Colebrook-
White equation”, Hydrocarbon Processing, August®@p 79-83

[22]. Serghides, T.K., “Estimate friction factorcacately”, Chem. Eng. 91, 1984, pp. 63-64

[23]. White, Frank M., “Fluid Mechanics”, Fourth Edn, McGrawHill, 1998, ISBN 0-07-069716-7

13



