
Chapter 9 

PIPE FLOW PROBLEMS 

A pipe line is made of small lengths of pipes of uniform or different di 

for the regulati 

eters, jone 
ds, elbows and 

9.1 INTRODUCTION

pipe junctions. Pipe fittings like valves and sluices are employed for the rei 
such as water, oil, gas, eto 

n of flow together with the help of pipe fittings such as couplings, flanges, reducers, bende 

for 

joj 

waler 
Long pipes are used to convey different kinds of fluids such as water, oil, gas one of or fo more 

supply installations, pipe line is meant to distribute water from one reservoirto ona 

reservoirs.

9.2 PIPES IN SERIES 

liquid from one reservoir to another. Such a pipe line is called a compound pipe or ni 

series. As the pipes are in series, the discharge through them Will be continuous. AsIm 

the liquid at rest in both reservoirs, the difference H in elevation of free surfaces is the take 

Figure 9.1 represents a system of pipes of different lengths and diameters co 
r pipes in 

energy 
head producing discharge. The losses of head, as indicated by the drops in the enere 

gradient are successively: hel, due to contraction at entrance at A; hfl, due to friction in nie 

1; he2, due to contraction to smaller pipe at B; hr, due to triction in pipe 2; hel, due to 

enlargement to larger pipe at C; ha, due to friction in pipe 3, and he2, due to enlargement a 

outlet at D. Therefore,

(9.1) H =h, th, +h th,p +h th +ha 

Energe 
Gradient-Zs Hydraulic

Gradient 
2 
29 

m 

Datum 
2 1 3 TITZTTA 

Fig.9.1 System of pipes connecting two reservoirs 

at all 
points n 

the The hydraulic gradient is at a distance V/2g below the energy gradi nter and the three pipes. Since pipe 2 is smaller than pipe 1, the velocity head velocity head is greater a 
hydraulic gradient is farther below the energy gradient. With the enlarg that pon 

t C, howewt 

the velucity head becomes less, resulting in a rise in the hydraulic gradie ent at that poin 
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In most hydraulic problems the major pipe friction losses br, hp and hs in Eq.(9.1) 

ite most of the total head H, and the minor losses are mostly so small as to be 
itute most of 

coble, If the pipe length is about 500 pipe diameters, the error resulting from neglectingnegli 
losses will ordina nelosses will ordinanly not exceed 5 per cent, and if the pipe length is 1000 diameters or ninor 

the effect of minor losses can usually be considered negligible. However, if it is desired 

to 
nchude these losses, a solution may be obtained first neglecting them and then correcting 
the results by including them. 

Figure 9.2 shows a simplified diagram of flow through a pipe line of different

diameters in series connecting two reservoirs. Minor losses are negligible and only the 
hydraulic gradient is shown. The flow is assumed to be continuous and steady. Two common 

problems which arise are: 

1. Sizes and lengths of pipe and Q given, to find the total loss of head. 
This problem can be solved as follows. The total loss of head is given by 

H =h +hs +h 
L a, 28 

d 28 (9.2) 

L 

80 , hh 
T's 

80 J 
, therefore

1 
Snce d 2g d 28A" d 2g (d/4) g d 

(9.3) 
2 

A 

B 

ZZKTTZTTTTTZZ

Fig. 9.2 Pipe lines of different diameters in series 

Now, if the coefficient of friction is the same for all the pipes, then Eqs.(9.2) and (9.3) 

become 

(9.4) d 
d 

2g d 
and 
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(9.5) H 

-spectively. The minor losses can be computed and included if considerable.

Example 9.1 

to the open air wi to 10 cm diameter, again runs 45 m, and then discharges directly into the open air y 
A 5 cm pipe takes off abruptly from a large tank, runs 8 m, and then expands abruptly 

velocity of 1.5 m/s. Compute the necessary height of water surface above the point of 

discharge. Take fi =0.024 and f2 = 0.026. Include the minor losses. 

Solution We have, di = 5 cm = 0.05 m, Li = 8 m, d2= 10 cm=0.10 m, L2 = 45 m, V,= 

1.5 m/s, fi = 0.024, f2 = 0.026 

Now, height of water surface above the point of discharge = total head loss 

H= 0.5+4L,G-V,,L,k 
2g d, 2g 2g 2g 

Since the flow is continuous, Q = AVi = AzV2 

=V =15| (O.10=6 mls 
0.05 

From (i), we have 

62 
+0.024x- 6 8 1.5 H = 0.5x o+0.026x_451.52 2* 

X T 

2x9.81 0.05 2x9.81 2x9.81 0.10 2x 9.81 2x9.81 

= 0.917 +7.045 + 1.032+ 1.341 +0.115 = 10.45 m of water 

2. Allowable losses of head and lengths and sizes of pipes given, to find Q. 
Four different methods of solution of this problem using Eq. (9.4) or (9.5) are as 

follows. 
i) Trial solution: Assume a Q. Compute loss of head in each pipe by fomula 

diagram and add the losses. Compare with the allowable loss and revise Q in proper direction. Repeat until satisfactory check is obtained.
L ii) Algebraic solution: Write f for each pipe, assuming values off a anu 
d 2g 

equating sum of the terms to the allowable head loss. Express all velocity heads in terms velocity head in one of the given sizes of pipes. Solve for the velocity head and d Compute the velocities in the other pipes. Look up proper f's and check total loss O 

of 

locity. 

Revise solution if necessary.
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they can als 

This method is adapted to the condition in which minor losses are appreciable since 
can also be expressed in terms of the velocity head and included in the equation. The 

minor loss nss coefficients selected for the first solution may also need revisíon. 

cquin 

i) Equivalent-length solution: Reduce the overall length of compound pipe to an 
nlent length of some selected diameter. With this selected diameter and computed ealent length, determine Q for the given loss of head. Using this Q, check summation ot 

losses in the line 

ivEquivalent-diameter solution: Reduce the different sizes of pipe in series to an 
ine. A pipe diagram is of much assistance in the application of this method. 

equn 
eQuivalent diameter of the given overall length. With this diameter and length, determine Q 

om the given loss of head. Using this Q, check summation of losses in the line. A pipe 
from 

diagram is of much assistance in the application of the method. 

Example 9.2 

A pipeline 40 m long is connected to a water tank at one end and discharges freely 

into the atmosphere at the other end. For the first 25 m of its length from the tank, the pipe is 

15 cm in diameter and its diameter suddenly enlarges to 30 cm. The height of water level in 

the tank is 8 m above the center of the pipe. Considering all losses of head which occur, 

determine the rate of flow. Assume f= 0.020 for both the pipes. 

We have, L= 40 m, Lj = 25 m, d = 15 cm = 0.15 m, La = 40 -25 = 15 m, d2 = 

30 cm 0.30 m, H =8 m, f=0.020 
The total head loss is given by 

Solution 

H-05+ i,G-,.,4, 
2g 

() 
2g 28 

Since the flow is continuous, Q= A,Vi = AzV2 

0.30 
4V2 

R-0.5x"+0.020015 4/ 
2g 

4 
2g 
=',+0.020x 15,,K 

From (i), we have 
25 

0.30 2g 2g 
28 0.15 

8 53.33V9 Ki,ki 72.33V 

2g 2g 2g 2g 2g 28 

8x 2x9.8-1473 mls 
V 72.33 

.Q= 4,V, =x0.30 x1.473 = 0.104 m°ls 
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oss produces the 9.3 EQUIVALENT PIPES 

Two pipe systems are said to be equivalent 
when the same head 

same discharge in both systems. We have, for the first pipe 

80 L (9.6) 
hy =h 2 ,2g(nd; 14)r*gd h 2g 

and for the second pipe 
(9.7) 

h 
a'gd 

For the two pipes to be equivalent, hn = hn for the same discharge Q. So, equatine Ea 

and (9.7), we have after simplifying 

Eqs.(9.6) 

(9.8) 

d d 
(9.9) 

which deteríines the length of the second pipe to be equivalent to the first pipe. 

Example 9.3 
Replace 300 m of 250 mm diameter pipe (f= 0.020) with an equivalent length of 150 

mm diameter pipe (f= 0.018). 

Solution We have, Li = 300 m, dj = 250 mm = 0.25 m, fi = 0.020, d2= 150 mm = 0.15 m, f,d 
= 0.018 

From Eq. (9.9), we have 

L =, =300x20 
0.0180.25 

0.15 25.9 m 

Therefore, 25.9 m of 150 mm diameter pipe is equivalent to 300 m of 250 min 

diameter pipe. 

Obviously, a compound pipe may be replaced by a pipe of uniform diameter and or 

the same length as that of a compound pipe, such that the loss of head and discharge are tne 
same in both the cases. The new pipe of uniform diameter is called equivalent pipe and lo 

diameter is called equivalent size of the pipe. 
Let Li, La and La be the lengths and di, d2 and dy be the diameters of the three pipe 

a compound pipe. Assume that the three pipes have the same friction factor t as ua 

compound pipe. Then, the total head loss in the compound pipe is given by 

the 

H-h .,4.80'(L,,d, 2gd, 28 
(9.10) 

4, 2g ld 
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is the length and d is the diameter of the equivalent pipe that would give the same 

disch 
charge for the same head loss due to friction, then total head loss in the equivalent pipe 

80L H= (9.11) 
r*gd* 

here L= Li + L2 + La = length of the equivalent pipe. Equating Eqs(9.10) and (9.11) and 

simplitying, we have 

,4 (9.12) 

Equation (9.12) gives the uniform diameter of an equivalent pipe which has the same 

length, same head loss and same discharge as the compound pipe. 

It is also sometimes required to determine the length L of a pipe of uniform diameter 

d which is available for use to replace the compound pipe. To have the same discharge and 

same loss of head due to friction, the length of such a pipe would be 

L- (9.13) 

Remember that in this case, L # Li+L2 + L. 

Example A/ 
Aompound pipe line is made up of pipes 45 cm in diameter for 900 m, 37.S cm in 

diameter for 450 m and 30 cm in diameter for 300 m. (a) It is required to be replaced by a 

pipe of unifom diameter. Find the diameter of the new pipe, assuming the length to remain 
the same. (b) If we want to replace the compound pipe with a pipe of 40 cm diameter, what 

would be the length of this pipe? 

Solution We have, di = 45 cm = 0.45 m, Li = 900 m, dh = 37.5 cm=0.375 m, La = 450 m, 

d 30 cm = 0.30 m, Ly = 300 m 

L=L +L2 + L3 = 900 + 450+300 1650 m 

Usmg the equation 
(a) 

we obtain 

1650 900 
+ 

450 300 
232911 

d 0.45 0.375 0.30 
/S 

.d=232911) 630 = 0.3716 m = 37.16 cm 1650 

6) d = 40 cm 
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L=d 

0.40 
900 450 00=0.01024x 232911= 2385.01 m 0.45 0.375 0.30 

9.4 PIPES IN PARALLEL 
A combination of two or more pipes connected as in Fig. 9.3, so that 

divided among the pipes and then is joined 
again, is a parallel-pipe system. In series 
pipes, the discharge is same in all the 
pipes and head losses are cumulative. But 
in parallel pipes, the head losses are the 

same and discharges are cumulative. 

the flow 

Fig. 9.3 Parallel pipe system 

To solve a problem involving parallel-pipe system, the following two conditions be satisfied: 
1. The head loss in each parallel pipe is the same, i.e. hgi = hn = h. 
2. The discharge in the main line is equal to the sum of the discharges in the parø lines, i.e. Q=Qi +Q2+Q3. 
A mathematical determination of the division of flow can be made by use oft Darcy-Weisbach formula 

h,=L L8QL h,d 2g Tgd 9.14) 
so that 

V L (9.15) 
If only two branches I and 2 are in parallel, then for a given hr 

(9.16) 

If the diameters and the lengths of the two branches are known and the friction ltr are known or assumed, then Eq. (9.16) can be expressed as 

Fe 
where F is a known quantity. Moreover, 

Q-, + 

(9.17) 

(9.18) 
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ois the discharge through the approach or the cxit pipe. With Q known or assumed, wherneus solution of Eqs.(9.17) and (9.18) gives Q and Q2 Then, using these simu head losses in pipes I and 2 can be computed. These must be equal f the 
discations do not show them equal, the discharges should be adjusted by trial until disct 

compul 

ea5onable agreement is obtained, 

This method can be extended to any number of branches in parallel. For example, 

three branches in parallel as in Fig. 9.3, it is possible to develop the relations 

, F and , F (9.19) 

which can be combined with the equation 

+ +0 (9.20) 
obtain the flow in each of the three parallel branches. 

Two types of problems with parallel-pipe system generally arise 
1. Having given the lengths and the diameters of all the pipes and the allowable 

head loss, to determine Q. 

This type is, in effect, the solution of simple pipe problems for discharge, since the 

head loss is known. These discharges are added to detemine the total discharge. 

Example 9.5 

In Fig. 9.3, Li = 900 m, dj = 300 mm, f 0.021, L2 = 600 m, d2 = 200 mm, f2 = 

0.018, L3 = 1200 m, dz = 400 mm, fj = 0.019 and the head loss between A and B is 6.62 m. 

Determine the discharge. 

Solution We have, hi = bn = hs = 6.62 m. From Eq.(9.6), we obtain for pipe 1 

801 sL 
'd, 28(d/4) z'gd 

ThN UCAMTETT 

hxxgxd 6.62 x x9,81x0.30= 0.1015 m'ls 
8fL 8x 8x0.021x 900. 

Similarly, 
hxxgxd6.62xr* x9.81x0.20 

8f, 
= 0.0487 m /s 

8,L2 8x0.018x 600 IS 

hxTtxgxd^ 6.62xr' x9.81x0.40° 

8fLy 8/s 8x0.019x 1200 
= 0.1897 mls 

Q= +2, +2,=0.1015 +0.0487 +0.1897 = 0.3399 m'/s 
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the lengths of t 
pipes, to find the distribution of flow and the head loss. 

This type of problem is more complex, as neither the head loss'nor the . 

any pipe is known. Two methods of solution of this problem are as follows. 

2. Having given the total discharge Q and the diameters and the 

scharge. i 

xpress 
Method 1 Algebraic solution 

discharges Q2 and Q3 in tems of Q1.Then, using Eq. (9.20), detemine Q1. From 

Q can be obtained. 

2. Compute the head losses hi, bn and hg. The loss of head in the parallel h. 

should be equal. 

1. Determine the division of flow in the branches in parallel. To do 

From 
so 

Q Qa a 

branch 

Method 2 Trial solution 

1. Assume a discharge through pipel. 
2. Determine h using the assumed discharge. 

3. Using h,, determine 0 and 2 
4. The given total discharge Q is split up among the three pipes in the same proporti 

as , and Q, ie. 

(9.21) 

where 0=+0 + 
5. Check the correctness of these discharges by computing hn, hp and hp. 

Example 9.6 
In Fig. 9.3, Li = 900 m, dj = 300 mm, f = 0.021, L2 = 600 m, d2 = 200 mm, H*} 0.018, L = 1200 m, d^ = 400 mm and f = 0.019. For a discharge of 0.34 m/s, determ1ne flow through each pipe and the loss of head between A and B. 

Solution by Mefhod 1 We have from Eq (9.16) 
(0.20. 0.0219000480 
0.30 = 0.480 o.018 600 

Q 0.4802, 
Similarly ) 

0.40)S/2 0.021 900 
= 1.869 

0.30 V0.019 V 1200 R 2, =1.8690, 
: (i) Since Q= Q +2, +2, we have 
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0.34 Qi +0.480Q1+ 1.869Q1 3.349Q 
0.34 

. 4 3a0 0.1015 m*/s 
3.349 

Then 

, 0.480x0.1015 = 0.0487 m° /s 

and 

O =1.869x0.1015 =0.1897 m s 

Using Eq.(9.6), we have 

h 
80 SL8x0.1015 x0.021 x900 = 6.62 m 
ngd Tx9.81x 0.30 

So, the head loss between A and B is 6.62 m. 

Solution by Method 2 Assume Q = 0.085 m/s. Then, using Eq.(9.6) 

h. -3018x0.085 1x9004.643 m h Tgd 
. For pipe 2, we get 

Tx9.81x0.30* 

o hxTxgxd 
8/,L2 

and for pipe 3, we obtain 

4.643 x x9.81x0.20 0.0408 m' Is 
8x0.018x 600 

hxxg gxdj4.643 xr' x9.81x0.40-0. 0.1589 mls 
8f,L 8x0.019x1200 

The total discharge for the assumed condition is 

Q+Q +0 =0.085+0.0408+0.1589 = 0.2847 m'/s 

But the total discharge is 0.34 m'/s. So corecting the discharges in proportion, we 

obtain 

o - x 0.34 0.1015 m°/s 0.085 

0.2847 
0.0408 

x0.34 0.0487 m* /s 
0.2847 
0.1589 00.34 =0.1898 mls 
0.2847 

Now, check the values of hn, bn and hg using Eq.(9.6). 
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80 L 
gd 

80,L 8x0.0487' x0.018x 600 6.61 m 

Tgd 
80L, 8x0.1898 x 0.019x1200= 6.63 m 

h Sd 

8x0.1015 x0.021x900_6.62 m 
x9.81x0.30 

x9.81x0.20 

x9.81x0.40 

lt is seen that the loss of head in the three branches is almost the same. 

Note: Method 1 seems to be better than method 2. 
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