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Estimation of  Darcy friction factor and pipe network analysis are essential ingredients in the design and 
distribution of  potable water. Common formulae for friction factors estimate include Colebrook-White, Moody, 
Swamee and Jain, Barr, Haaland, Tsal and Wood formulae. Accuracy of  pipe network analysis depends on Darcy 
friction factor, but little is known on update of  these formulae and their performance in developing countries.  
In this paper, as a follow up on our previous studies, Oke (2007); Babatola et al. (2008) an overview and 
performance evaluation of  these formulae is presented using statistical methods (model of  selection criterion 
and statistical errors). Darcy Friction factor formulae were obtained from archive. These formulae were used to 
estimate friction factors in pipes at various Reynolds number and relative roughness. Estimated friction factors 
were evaluated statistically using absolute error, total error, mean error and model of  selection criterion using 
Colebrook-White friction factor as the reference friction factor. Colebrook-White was used as reference because 
it is widely recommended formulae and has a wide range of  Reynolds number. The study revealed that friction 
factor in pipes varies with the formulae and varies from 0.0157 to 0.0727. In all cases Tsal formula has the 
smallest friction factors. Based on the mean error, accuracy were in order of  Newton Raphson > Prandtl and 
Nikurdse > Zingrang and Sylvester > Serghide > Barr > Swamee and Jain > Eck > Haaland > Brkic > Wood > 
Moody > Chen (1979) > Buzzelli > Sonnad and Goudar > Vatankhah and Kouchakzadeh > Monzon et al > 
Churchill (1973)> Jain > Round > Manadilli > Evangleids et al > Avci Kargoz > Tsal > Churchill (1977) > Chen 
(1985).  It is concluded that Newton Raphson ; Prandtl and Nikurdse; Zingrang and Sylvester ; Serghide ; Barr; 
Swamee and Jain; Eck ; Haaland ; Brkic ; Wood and Moody are first choice friction formulae based on the values 
of  model of  selection criterion.

Keywords:  Darcy Friction Factor, Pipe Flow, Statistical Methods, Darcy Friction Formulae.
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INTRODUCTION
Computation of  flows, headloss and pressures in 
pipes have been of  great value and interest for 
those involved in design, construction and 
maintenance of  public water distribution systems. 
Many methods have been used in the past to 
compute flows, pressure and headloss in network 
of  pipes. These methods range from graphical 
methods to the use of  physical analogies and 
finally to the use of  mathematical models (Lindell, 
2006). Lindell (2006) gave the history of  pipe 
network analysis and a summary of  some of  the 
more important methods as follows: Hardy Cross 
Method; The Simultaneous Node Method; The 
Simultaneous Loop Method; The Linear Method 
(Simultaneous Pipe Method) and The Gradient 
Method (Simultaneous Network Method).  The 
most widely used method is the Hardy Cross 
method of  balancing the heads at each of  the 
junctions. It is an iteration procedure based on 
continuity as follows (Oke, 2007):

· The law of  conservation of  mass; and

·  The pressures drop around any closed 
circuit is zero (France, 1993; Babatola et 
al., 2008).

The procedure suggested by Hardy Cross 
requires that the flow in each pipe be initially 
estimated and the principle of  continuity is 
satisfied at each junction. The head loss for each 
pipe in the network is determined from Hazen-
Williams or Darcy-Weisbach (DW) equations. 
The most commonly used equation for obtaining 
the head loss in a pipe is the Darcy–Weisbach 
equation which is given by:

 or            (1)

Where; h  is the head loss (m);  is the friction l

factor (dimension less); L is the length of  the pipe 
(m); D is the diameter of  the pipe (m); V is mean 

-1
velocity in the pipe (ms ) ; g is acceleration due to 
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gravity (ms ) and Q is the discharge in the pipe 
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3 -1
(m s ). 
The accuracy of  the DW depends on the heads 
loss; friction in a steady uniform flow and the 
corresponding discharge in each pipe. A 
correction to the assumed flow is computed 
successively for each loop in the network until the 
correction is reduced to an acceptable magnitude. 
The correction for each the loop is given by the 
equation:

            (2)

3 -Where; ∆Q is change in discharge in the pipe (m s
1 3 -1), Q   is the discharge in the pipe (m s ) and h is as i

defined in equation 1. 
The non-dimensional Darcy friction factor is a 
function of  roughness coefficient (k), diameter of  
the pipe, and Reynolds number (R ). Estimation of  e

the Darcy friction factor is very important for the 
analysis of  fluid mechanic behaviour in the pipes 
and open channels. The Darcy friction factor in 
turbulent flow of  pipe depends on Reynolds 
number and relative roughness. There is an 
implicit relationship between Reynolds numbers 
and relative roughness

            (3)

Where; υ is kinematics viscosity of  the liquid; R is e 

Reynolds number and  D and V are as defined in 
equation 1.
For laminar flow, Darcy friction factor ( ) is only 
dependent on the Reynolds number and is given 
by Moody, 1944 equation:

           (4)

But for the transitional region,  is dependent on 
both Reynolds number and relative roughness. 
Darcy friction factor in a pipe can be computed by 
using implicit or explicit expressions (formulae) 
such as Colebrook-White's, Newton-Raphson, 
Moody, Wood, Barr and Haaland formulae. 
Colebrook–White (1937) and Colebrook (1939) 
expressions are given by (Mahendra, 2008;  
Mehran and Ayub, 2011) as:

          (5a)

l

         (5b)

Where; k is the effective roughness size of  the 
pipe wall.

         (5c)

The Newton-Raphson method, which provides 

fast convergence of l, is defined by Featherstone 
and Nalluri, 1982 as:

           (6)

The problem then reduces to finding the root of  

the function f(l) = 0. The Newton–Raphson 

method requires a starting value (l ), that is the o

initial guess for l and a first better approximation 
is given by France, 1993 as: 

           (7)

Where f'(l ) is the first order derivative of   f(l ) at n n

l  = 0.n

 Moody (1944; 1947) obtained  directly without 
having to use a chart and proposed the expression 

3
for the range of  4 x 10  

-2
10 . Moody expression is given by equation (8) 
(Moody, 1944; Babatola et al., 2008).

           (8)

Wood (1966) recommended the following 
expressions for frictional factor (France, 1993) 

           (9)
Where; a,b and c are Wood constants as follows:

         (10)

         (11)

and

         (12)

Barr (1972; 1981) suggested an expression of  the 
form:
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          (13)

In the last three decades, several explicit formulae 
have been suggested among which is Haaland 
(1983). Haaland suggested that:

          (14)

The work by Prandtl and Nikurdse (1982) on 
smooth and artificially roughness pipes revealed 
equations (15 and 16) for smooth, turbulent and 
rough turbulent respectively.

          (15)

          (16)

The Swamee and Jain (1976) equation below is 
used to solve directly for the Darcy-Weisbach 
Darcy friction factor for a full-flowing circular 
pipe.

 or

          (17)

Like Swamee and Jain equation;  Serghide (1984), 
Tsal(1989), and Zigrang and Sylester(1982) 
equations  are used to determine the Darcy-
Weisbach Darcy friction factor for a full-flowing 
circular pipe. Serghide (1984), Tsal(1989) , and 
Zigrang and Sylester (1982) equations  are as 
follows (Mahendra, 2008):
Serghide (1984):

          (18)

        (18a)

        (18b)

                   (18c)

Tsal(1989):

         (19)

If  
Zigrang and Sylester(1982):

         (20)

Özger and Yıldırım (2009a and b) stated that the 
other widely used explicit expressions for Darcy 
friction factor determination are Churchill (1973; 
1977), Jain (1976), Chen (1979; 1985), Manadilli 
(1997), Romeo et al. (2002); Sonnad and Goudar 
(2004; 2006). Equations (21 to 27) present these 
explicit expressions respectively.
Churchill (1973):

         (21)

Churchill (1977):

                     (22)

       (22a)

       (22b)

Jain (1976):

         (23)

Chen (1979):

       (24a)
Chen (1985):

       (24b)

Manadilli (1997):

         (25)

l <0018 then l = .85l + 0 0.0028
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Romeo et al. (2002):

          (26)

Sonnad and Goudar (2004; 2006)

or

          (27)

        (27a)

Other Darcy friction factor formulae are Eck 
(1973);  Round (1980);  Vatankhah and 
Kouchakzadeh (2008); Buzzelli(2008); Avci and 
Kargoz(2009); Evanleids et al. (2010), Brkic (2011; 
2012), which can be expressed as follows 
(Wikipedia, 2014):
Eck (1973):

          (28)

Round (1980):

          (29)

Vatankhah and Kouchakzadeh (2008):

          (30)

        (30a)

Buzzelli (2008):

          (31)

       (31a)

       (31b)

Avci and Kargoz(2009):

         (32)

Evanleids et al. (2010):

         (33)

Brkic (2011; 2012)

         (34)

       (34a)

 More on Darcy friction factor can be found in 
literature such as Mckeon et al. (2004; 2005) ; 
Ozger and Yildrim (2009a and b); Yildrim (2009); 
Xiande et al. (2011); Samadiafrad (2012); Salmasi et 
al. (2012); Coban (2012);  Cojbasica and Brikic 
(2013); Papaevangelou et al. (2010); Winning and 
Cole (2013); Wikipedia (2014).  With the well 
known importance of  Darcy frictional factors in 
the selection of  pipe size, determination of  flows 
and headloss in a pipe, as well as important 
ingredient in the design of  potable water supply 
scheme, coupled with alot of  researches and 
publications on Darcy friction factors in pipe 
documentations on update of  Darcy friction 
factor estimate are rare in literature in developing 
countries. With advancement in technology and 
development of  high speed computer and 
internet there is the need to document update on 
Darcy friction factor estimate and provide 
performance evaluation of  each of  these Darcy 
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friction factor formulae. The main aim of  this 
study is to provide update on Darcy friction factor 
estimate and performance evaluation of  each of  
these Darcy friction factor formulae with a 
particular attention to accuracy using statistical 
techniques.

MATERIALS AND METHOD 
Darcy friction factor formulae for pipe flow 
problems were obtained from archives (Babatola et 
al.,2008;  Mahendra, 2008; France, 1993; 
Featherstone and Nalluri, 1982; Mehran and Ayub, 
2011; Winning and Coole, 2013; Wikipedia, 2014). 
These equations were used to estimate Darcy 

3
friction factor with Reynold number of  4 x 10  

8 -5 10  and relative roughness of  5 x 10 < k/D < 
0.01. The results were evaluated statistically using 
total error, mean squared error; root squared 
error; model of  selection (MSC); absolute  error; 
mean error and root error with Colebrook White 
equation as the reference formula. Colebrook-
White equation was used as the reference 
formulae because the formula is widely 
recommended as the formula to be used to 
estimate pipeline head loss (the roughness 
coefficient is a function of  the surface roughness 
and independent of  the size of  the pipe or velocity 
of  flow); it is applicable to a wide range of  
Reynolds number-from smooth to turbulent 
conditions and it provides slightly improved 

£ R   e

prediction of  the wave velocity in pipe and the 
maximum depth of  flow along the pipe.

RESULTS AND DISCUSSION
The results of  the study were divided into two 
categories: estimated Darcy friction factors using 
other equations, and statistical evaluations

Estimated Darcy Friction Factors Using 
Other Equations: Tables 1 and 2 present values 
of  estimated Darcy friction factors using all these 
Darcy friction factor formulae (techniques). 
From Table 1 the lowest Darcy friction factors at a 
fixed pipe diameter, Reynolds number and 
re l a t ive  roughness  came  f rom Tsa l .   
Colebrook–White equations, Haaland, Zigrang 
and Sylvester, Serghide, Swamee and Jain, Prandtl 
and Nikurdse, Moody and Newton Raphson 
equations gave moderate Darcy friction factors. 
The highest values of  Darcy friction factor were 
obtained from Round, Wood and Barr equations. 
Figure 1 presents Moody chart. This indicates 
that the lower extreme equations (Darcy friction 
factor) should be avoided. From the figure 
(Figure 1) these Darcy friction factors can be 
grouped into two lower (painted red)  and 
medium (painted blue) regions. This suggests that 
the two extreme equations (lowest and highest 
formulae) should be avoided. 

Oke et al.: Performance Evaluation for Darcy Friction Factor Formulae 
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Statistical Evaluations: The model of  selection 
criterion (MSC) is interpreted as the proportion of  
expected data variation that can be explained by 
the obtained data. It is well known that the higher 
the value of  MSC, the higher is the accuracy, 
validity and the good fitness of  the method. MSC 
can be computed using equation (35) (Oke, 2007) 
as follows :

          (35)

Where; MSC is the model of  selection criterion; n 
is the number of  samples; p is the number of  
parameters for MSC;  is the mean calculated 
Darcy friction factor for the Colebrook-White 
model; Y  is the calculated Darcy friction factor cali

for the models and Y  is the calculated Darcy obsi 

friction factor for the Colebrook-White model

Table 2 presents the values of  MSC for these 
equations. The MSC values are 9.598; 0.452; 1.831; 
1.662; 4.381; 1.630; 1.683; -5.050; 4.325; 1.668; -
0.42; - 0.040; -0.025; -0.042; -2.946; -0.025; -0.022; 
-0.023;; -0.029; -0.024; -0.024; 1.312; 1.476; -0.036 
and -0.025 for  Newton Raphson, Moody, Wood, 

Yobs

Barr, Prandtl and Nikurdse, Swamee and Jain , 
Serghide, Tsal, Zigrang and Sylvester,  Haaland; 
Churchill (1979); Jain; Chen (1983); Round; 
AvciKargoz; Buzzelli; Sonnad and Goudar; 
Manadilli; Evangleids et al.; Vatankhah and 
Kouchakzadeh; Monzon et al.; Brkic; Eck; 
Churchil (1977) and Chen (1985)  respectively. 
These MSC values revealed that Darcy friction 
factor formulae can be grouped into three. 
Formulae with friction factor lower than 
Colebrook –White (MSC value less than zero), 
formulae with friction factor higher than 
Colebrook –White (MSC value greater than 1.5) 
and  formulae with friction factor closer to 
Colebrook –White (MSC value greater than zero 
but less than 1.5).

Total Error: The lower the value of  total error, 
the higher is the accuracy, validity and good 

2fitness of  the method. Total error (Err ) can be 
computed using equation (36): 

         (36)

2 Where;  Err is total error ; Y  is observed value obsi

using Colebrook–White  and Y  is calculated cali

value using formular. Table 2 presents the values 
of  total error for these equations. 

Figure 1: Moody Chart for Darcy Friction Factor Estimate (Source:  Moody, 1944; Babatola et al., 
2008)
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Absolute Error: The lower the value of  absolute 
error the higher is the accuracy, validity and good 
fitness of  the method. Absolute error (AbErr) can 
be computed using equation (37): 

          (37)

Where; AbErr is absolute error. Table 2 presents 
the values of  absolute error for these equations. 

Mean Error: The lower the value of  mean error 
the higher is the accuracy, validity and good 
fitness of  the method. Mean error (MnErr) can be 
computed using equation (38): 

         (38)
( )å

=

-=
n

i
caliobsi YYAbErr

1

( )

n

YY

MnErr

n

i
caliobsiå

=

-

= 1

Table 2: Statistical Evaluation of  Darcy Friction Factor Formulae

Darcy friction 
factor formulae

 Model of  selection 
criterion

 Total 
error

 Mean Squared 
error

 Root

 

squared 
error

 Absolute 
error

 Mean 
error

 Root 
error

 

Churchill
 

-0.042

 
0.007

 
0.000

 
0.082

 
0.210

 
0.004

 
0.458

 

Jain
 

-0.040
 

0.007
 

0.000
 

0.082
 

0.210
 

0.004
 

0.458
 

Chen
 

-0.025
 

0.007
 

0.000
 

0.081
 

0.208
 

0.004
 

0.456
 

Round
 

-0.042
 

0.007
 

0.000
 

0.082
 

0.210
 

0.004
 

0.458
 

Avci Kargoz
 

-2.946
 

0.033
 

0.001
 

0.180
 

1.228
 

0.022
 

1.108
 

Buzzelli
 -0.025

 
0.007

 
0.000

 
0.081

 
0.209

 
0.004

 
0.457

 

Sonnad and 
Goudar

 -0.022
 

0.007
 

0.000
 

0.081
 

0.209
 

0.004
 

0.457
 

Manadilli
 -0.023

 
0.007

 
0.000

 
0.081

 
0.211

 
0.004

 
0.459

 

Evangleids et al -0.029 0.007 0.000  0.081  0.211  0.004  0.459  

Vatankhah and 
Kouchakzadeh 

-0.024 0.007 0.000  0.081  0.209  0.004  0.457  

Monzon et al -0.024 0.007 0.000  0.081  0.209  0.004  0.457  

Newton -
Raphson 

9.598 0.000 0.000  0.001  0.005  0.000  0.068  

Moody 0.452 0.002 0.000  0.048  0.207  0.004  0.454  

Wood 1.831 0.001 0.000  0.035  0.122  0.002  0.349  

Barr 
1.662 0.001 0.000  0.037  0.069  0.001  0.264  

Prandtl and 
Nikurdse 

4.381 0.000 0.000  0.011  0.021  0.000  0.144  

Swamee and Jain 
1.630 0.001 0.000  0.037  0.070  0.001  0.265  

Serghide
 

1.683
 

0.001
 

0.000
 

0.036
 

0.067
 

0.001
 

0.260
 

Tsal
 

-5.050
 

0.084
 

0.002
 

0.289
 

2.050
 

0.038
 

1.432
 

Zigrang and 
Sylvester

 

4.325
 

0.000
 

0.000
 

0.012
 

0.031
 

0.001
 

0.175
 

Haaland
 

1.668
 

0.001
 

0.000
 

0.036
 

0.078
 

0.001
 

0.279
 

Brkic
 

1.312
 

0.002
 

0.000
 

0.043
 

0.079
 

0.001
 

0.281
 

Eck
 

1.476
 

0.002
 

0.000
 

0.040
 

0.071
 

0.001
 

0.267
 

Churchill (1977)

 

-0.036
 

0.002
 

0.009
 

0.000
 

0.045
 

0.256
 

0.005
 

Chen (1985) -0.025 0.002 0.009 0.000 0.045 0.256 0.005
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Where; MnErr is mean error. Table 2 presents the 
values of  error for these equations. 

Root Squared Error: The lower the value of  root 
squared error the higher the accuracy, validity and 
good fitness of  the method. Root squared error 
(RSErr) can be computed using equation (39): 

          (39)

Where; RsErr is root squared error. Table 2 
presents the values of  error for these equations. 

Root Absolute Error: The lower the value of  
root absolute error the higher the accuracy, validity 
and good fitness of  the method. Root absolute 
error (RabErr) can be computed using equation 
(40): 

          (40)

Where; RabErr is root squared error. Table 2 
presents the values of  error for these equations. 

Mean Squared Error: The lower the value of  
mean squared error the higher the accuracy, 
validity and good fitness of  the method. Mean 

2
squared error (MnErr ) can be computed using 
equation (41): 

          (41)

2Where; MnErr is mean squared error.  Table 2 
presents the values of  error for these equations. 

Based on the values of  these errors Newton 
Raphson > Prandtl and Nikurdse > Zingrang and 
Sylvester > Serghide > Barr > Swamee and Jain > 
Eck > Haaland > Brkic > Wood > Moody > Chen 
(1979) > Buzzelli > Sonnad and Goudar > 
Vatankhah and Kouchakzadeh > Monzon et al. > 
Churchill > Jain > Round > Manadilli > 
Evangleids et al. > Avci Kargoz > Tsal > Churchill 
(1977) > Chen (1985).  
(Where;  > is stands for greater than)

CONCLUSION
The study provides an update on Darcy friction 

factor and their performance evaluation. 
The study revealed that there are 25 Darcy 
friction factor formulae which depend on 
Reynolds number and relative roughness. 
It can be concluded that accuracy of  the 
formulae are in order of:

i. Newton Raphson > Prandtl and 
Nikurdse > Zigrang and Sylvester > 
Wood > Serghide > Haaland > Barr > 
Swamee and Jain > Eck > Brkic > Moody 
> Sonnad and Goudar > Manadilli >  
Monzon et al > Vatankhah and 
Kouchakzadeh > Chen (1985) based  the 
value model of  selection criterion;

ii. Newton Raphson > Prandtl and 
Nikurdse > Zingrang and Sylvester > 
Serghide > Barr > Swamee and Jain > 
Eck > Haaland > Brkic > Wood > 
Moody > Chen (1979) > Buzzelli > 
Sonnad and Goudar > Vatankhah and 
Kouchakzadeh > Monzon et al. > 
Churchill > Jain > Round > Manadilli > 
Evangleids et al. > Avci Kargoz > Tsal > 
Churchill (1977) > Chen (1985) based on 
mean error; and

iii. Although, it might be argued that 
computation of  friction factors using 
these higher accuracy formulae might be 
difficult, but availability of  high speed 
computer and other devices have made it 
easier.
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