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Friction Head Loss (hf) and Discharge 
(Q)Relationships

hf = RQx

X:dimensionless

R:dimension depends on the friction equation 
and the unit system chosen. 
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Darcy-Weisbach Equation
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Hazen Williams Equation
V = B. C. Rh
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Rhazen-williams

hf = RHazen−W. Q
1.85



Manning’s Equation
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Rmanning’ s
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PIPELINES and PIPE NETWORKS
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Calculations Involved in Pipeline 
Problems: Head Loss
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Head Losses in Reservoir Problems:  
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Head Losses in Reservoir Problems:  
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Calculations Involved in Pipeline 
Problems: Friction factor
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Determine the water surface elevation in reservoir “A.”

Energy Eq’n: hA - hB = hL

hL = he + hf + hd

hL = [f(L/D)+∑K](V2/2g)

V = Q/A = 5.81 m/s; NR = (5.81*0.3)/0.000001 = 1.74 * 106

ε/D = 0.15/300 = 5.0x10-4; f = 0.017;  now substituting

hL = [0.017(1000/0.30) + 0.5 + 1.0](5.812/2g) = 100m 

Therefore, hA = hB + hL = 650 + 100 = 750m 

Two Reservoir Example Problem
(Find the head loss given pipe size, material, and flow rate. )

Given: D = 30cm, L = 1 km, water 
@ 20°C; (square-edged entrance)

Galvanized iron pipe
Q = 411 L/s, hB = 650m                                    



Calculations Involved in Pipeline 
Problems: Type 2

If flowrate is not known (TYPE 2);

- assume complete turbulence conditions in which Re is so big and becomes 

neglicible

- graphical solution ➔ by using e/D value ➔ find friction factor

- explicit equation ➔ by neglegting Re number in Jain equation ➔ calculate 

friction factor by using following formula, fold = 
1.325

ln (
e

D
)/3.7

2

- calculate flowrate and then velocity and Re number by using friction factor found 

in previous step

- recalculate friction factor by using Jain Equation,  fnew =
1.325

ln(
e/D

3.7
+

5.74

NR
0.9

2

- If 𝑓𝑛𝑒𝑤 − 𝑓𝑜𝑙𝑑 < 0.001, stop the iteration and find the flowrate by using 

new friction factor.



Determine the flow rate in the galvanized iron pipe.

hA - hB = 100m = hL

hL = he + hf + hd

hL = [f(L/D)+∑K](V2/2g)

Assume complete turbulence;  ε/D = 0.15/300 = 5.0x10-4;

f=0.017;  hL = 100 = [0.017(1000/0.30) + 0.5 + 1.0](V2/2g) 

V = 5.81 m/s; thus NR = (5.81*0.3)/0.000001 = 1.74 * 106

Check f = 0.017; (ok); Therefore, Q = VA = 0.411 m3/s 

Two Reservoir Example Problem
(Find the flow rate given pipe size, material, and head loss. )

Given: D = 30cm, L = 1 km, water 
@ 20°C; (square-edged entrance)

hA = 750m, hB = 650m                                     



Calculations Involved in Pipeline Problems: Type 3
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Determine the galvanized iron pipe size required.

hA - hB = 100m = hL

hL = he + hf + hd

hL = [f(L/D)+∑K](V2/2g)

But, V = Q/A = 0.523/D2; and if L/D>>1000, ignore ∑K: 

hL = 100 = f(1000/D)[(0.523)2/2gD4); or 7.17 = f/D5;  

ε/D=0.15mm/D; NR=DV/ν=D(0.523/D2)/0.000001=5.23x105/D

Assume D = 0.5m; ε/D = 3.00x10-4; NR = 1.05x106; f = 0.016

Substituting (energy eq’n): 7.17 = 0.016/D5; D = 0.295m 

Continue iterations with D = 0.3 as your next trial diameter. 

Two Reservoir Example Problem
(Find the pipe size given material, flow rate, and head loss. )

Given: L = 1 km, Q = 411 L/s, water 
@ 20°C; (square-edged entrance)

hA = 750m, hB = 650m                                     


