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Darcy-Weisbach Formula 
 

Flow of fluid through a pipe 
 
The flow of liquid through a pipe is resisted by viscous shear stresses within the liquid 
and the turbulence that occurs along the internal walls of the pipe, created by the 
roughness of the pipe material. This resistance is usually known as pipe friction and is 
measured is feet or metres head of the fluid, thus the term head loss is also used to 
express the resistance to flow. 
 
Many factors affect the head loss in pipes, the viscosity of the fluid being handled, the 
size of the pipes, the roughness of the internal surface of the pipes, the changes in 
elevations within the system and the length of travel of the fluid. 
 
The resistance through various valves and fittings will also contribute to the overall head 
loss. A method to model the resistances for valves and fittings is described elsewhere. 
In a well designed system the resistance through valves and fittings will be of minor 
significance to the overall head loss, many designers choose to ignore the head loss for 
valves and fittings at least in the initial stages of a design. 
 
Much research has been carried out over many years and various formulae to calculate 
head loss have been developed based on experimental data. 
Among these is the Chézy formula which dealt with water flow in open channels. Using 
the concept of ‘wetted perimeter’ and the internal diameter of a pipe the Chézy formula 
could be adapted to estimate the head loss in a pipe, although the constant ‘C’ had to 
be determined experimentally. 
 

The Darcy-Weisbach equation 
 
Weisbach first proposed the equation we now know as the Darcy-Weisbach formula or 
Darcy-Weisbach equation: 
 
hf = f (L/D) x (v2/2g) 
 
where: 
hf = head loss (m) 
f = friction factor 
L = length of pipe work (m) 
d = inner diameter of pipe work (m) 
v = velocity of fluid (m/s) 
g = acceleration due to gravity (m/s²) 
 
or: 
 
hf = head loss (ft) 
f = friction factor 
L = length of pipe work (ft) 
d = inner diameter of pipe work (ft) 
v = velocity of fluid (ft/s) 
g = acceleration due to gravity (ft/s²) 
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However the establishment of the friction factors was still an unresolved issue which 
needed further work. 
 

Friction Factors 
 
Fanning did much experimentation to provide data for friction factors, however the head 
loss calculation  using  the Fanning Friction factors has to be applied using the hydraulic 
radius equation (not the pipe diameter). The hydraulic radius calculation involves 
dividing the cross sectional area of flow by the wetted perimeter. For a round pipe with 
full flow the hydraulic radius is equal to ¼ of the pipe diameter, so the head loss 
equation becomes: 
 
hf = f f(L/Rh) x (v2/2g)   where Rh = hydraulic radius, f f = Fanning friction factor 
  
Darcy introduced the concept of relative roughness, where the ratio of the internal 
roughness of a pipe to the internal diameter of a pipe, will affect the friction factor for 
turbulent flow. In a relatively smoother pipe the turbulence along the pipe walls has less 
overall effect, hence a lower friction factor is applied. 
 
The work of many others including Poiseuille, Hagen, Reynolds, Prandtl, Colebrook and 
White have contributed to the development of formulae for calculation of friction factors 
and head loss due to friction. 
 
The Darcy Friction factor (which is 4 times greater than the Fanning Friction factor) 
used with Weisbach equation has now become the standard head loss equation for 
calculating head loss in pipes where the flow is turbulent. Initially the Darcy-Weisbach 
equation was difficult apply, since no electronic calculators were available and many 
calculations had to be carried out by hand. 
 
The Colebrook-White equation which provides a mathematical method for calculation 
of the friction factor (for pipes that are neither totally smooth nor wholly rough) has the 
friction factor term f on both sides of the formula and is difficult to solve without trial and 
error (i.e. mathematical iteration is normally required to find f).  
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where: 
f = friction factor 
e = internal roughness of the pipe 
D = inner diameter of pipe work  
 
Due to the difficulty of solving the Colebrook-White equation to find f, the use of the 
empirical ‘Hazen-Williams’ formulae for flow of water at 60º F (15.5º C) has persisted for 
many years.  To use the Hazen-Williams formula a head loss coefficient must be used. 
Unfortunately the value of the head loss coefficient can vary from around 80 up to 130 
and beyond and this can make the ‘Hazen-Williams’ formulae unsuitable for accurate 
prediction of head loss. 
 

The Moody Chart 
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In 1944 LF Moody plotted the data from the Colebrook equation and this chart which is 
now known as ‘The Moody Chart’ or sometimes the Friction Factor Chart, enables a 
user to plot the Reynolds number and the Relative Roughness of the pipe and to 
establish a reasonably accurate value of the friction factor for turbulent flow conditions. 
 
The Moody Chart encouraged the use of the Darcy-Weisbach friction factor and this 
quickly became the method of choice for hydraulic engineers. Many forms of head loss 
calculator were developed to assist with the calculations, amongst these a round slide 
rule offered calculations for flow in pipes on one side and flow in open channels on the 
reverse side. 
 
The development of the personnel computer from the 1980’s onwards reduced the time 
needed to perform the friction factor and head loss calculations, which in turn has 
widened the use of the Darcy-Weisbach formula to the point that all other formula are 
now largely unused.  
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