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Chapter Objectives

• Discuss the difference between series pipeline systems and 
parallel pipeline systems.

• State the general relationships for flow rates and head losses 
for parallel pipeline systems.

• Compute the amount of flow that occurs in each branch of a 
two-branch parallel pipeline system and the head loss that 
occurs across the system when the total flow rate and the 
description of the system are known.

• Determine the amount of flow that occurs in each branch of a 
two-branch parallel pipeline system and the total flow if the 
pressure drop across the system is known.

• Use the Hardy Cross technique to compute the flow rates in 
all branches of anetwork having three or more branches.
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Chapter Outline

1. Introductory Concepts

2. Systems with Two Branches

3. Systems with Three or More Branches – Network
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12.1 Introductory Concepts

• Parallel pipeline systems are those having more than 
one path for the fluid to take as it flows from a source 
to a destination point.

• Fig 12.1 shows the example of a parallel pipeline 
system with three branches.
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12.1 Introductory Concepts

• When we apply the principle of steady flow to a 
parallel system, we reach the following conclusion:

• To help analyze the pressures, use the energy 
equation between points 1 and 2:
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12.1 Introductory Concepts

• Solving for the pressure drop:

• All elements converging in the junction at the right 
side of the system have the same total energy per 
unit weight. 

• That is, they all have the same total head. Therefore, 
each unit weight of fluid must have the same amount 
of energy. This can be stated mathematically as
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12.2 Systems with Two Branches

• A common parallel piping system includes two 
branches arranged as shown in Fig. 12.2. 

• The analysis of this type of system is relatively simple 
and straightforward, although some iteration is 
typically required.

• Because velocities are unknown, friction factors are 
also unknown.
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12.2 Systems with Two Branches

• We will use the system shown in Fig. 12.2 to illustrate 
the analysis of flow in two branches. 

• The basic relationships that apply here are similar to 
Eqs. (12–1) and (12–2) except there are only two 
branches instead of three. 

• These relationships are
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12.2 Systems with Two Branches

• Below are the solution method for systems with two 
branches when the total flow rate and the description 
of the branches are known:

1. Equate the total flow rate to the sum of the flow rates 
in the two branches, as stated in Eq. (12–3). Then 
express the branch flows as the product of the flow 
area and the average velocity; that is,
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12.2 Systems with Two Branches

2. Express the head loss in each branch in terms of the 
velocity of flow in that branch and the friction factor. 
Include all significant losses due to friction and minor 
losses.

3. Compute the relative roughness for each branch, 
estimate the value of the friction factor for each 
branch, and complete the calculation of head loss in 
each branch in terms of the unknown velocities.

4. Equate the expression for the head losses in the two 
branches to each other as stated in Eq. (12–4).

5. Solve for one velocity in terms of the other from the 
equation in Step 4.
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12.2 Systems with Two Branches

6. Substitute the result from Step 5 into the flow rate 
equation developed in Step 1 and solve for one of 
the unknown velocities.

7. Solve for the second unknown velocity from the 
relationship developed in Step 5.

8. If there is doubt about the accuracy of the value of 
the friction factor used in Step 2, compute the 
Reynolds number for each branch and reevaluate 
the friction factor from the Moody diagram or 
compute the values for the friction factors from Eq. 
(8–7) in Chapter 8.
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12.2 Systems with Two Branches

9. If the values for the friction factor have changed 
significantly, repeat Steps 3–8, using the new values 
for friction factor.

10.When satisfactory precision has been achieved, use 
the now-known velocity in each branch to compute 
the volume flow rate for that branch. Check the sum 
of the volume flow rates to ensure that it is equal to 
the total flow in the system.

11.Use the velocity in either branch to compute the 
head loss across that branch, employing the 
appropriate relationship from Step 3. This head loss 
is also equal to the head loss across the entire 
branched system.
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Example 12.1

In Fig. 12.2, 0.006 m3/s of water at 15°C is flowing in a 
2-in Schedule 40 steel pipe at section 1. The heat 
exchanger in branch a has a loss coefficient of K = 7.5 
based on the velocity head in the pipe. All three valves 
are wide open. Branch b is a bypass line composed of  

-in Schedule 40 steel pipe. The elbows are standard. 
The length of pipe between points 1 and 2 in branch b is 
6 m. Because of the size of the heat exchanger, the 
length of pipe in branch a is very short and friction 
losses can be neglected. For this arrangement, 
determine (a) the volume flow rate of water in each 
branch and (b) the pressure drop between points 1 and 
2.
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Example 12.1

If we apply Step 1 of the solution method, Eq. (12–3) 
relates the two volume flow rates. How many quantities 
are unknown in this equation?

From the given data, Aa=2.168 x 10–3 m2, Ab=9.653 x 
10–4 m2, and Q1=0.006 m3/s.

Generate another equation that also relates va and vb

using Step 2.
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Example 12.1

Equation (12–4) states that the head losses in the two 
branches are equal. Because the head losses ha and hb

are dependent on the velocities va and vb respectively, 
this equation can be used in conjunction with Eq. (12–5) 
to solve for the velocities. Now, express the head
losses in terms of the velocities for each branch.

where
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Example 12.1

The following data are known:

Then

For branch b, 
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Example 12.1

The known data are

Then
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Example 12.1

Then,

The relative roughness for branch b will aid in the 
estimation of the first trial value for fb

From the Moody diagram in Fig. 8.6, a logical estimate 
for the friction factor is fb = 0.023. Substituting this into 
the equation for hb gives
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Example 12.1

You should have va=1.28vb, obtained as follows:\

We have
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Example 12.1

Solving for vb we get

Because we made these calculations using an assumed 
value for fb we should check the accuracy of the 
assumption. We can evaluate the Reynolds number for 
branch b:
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Example 12.1

Using this value and the relative roughness of 763 from 
before in the Moody diagram yields a new value, 
fb = 0.025. Because this is significantly different from the 
assumed value of 0.023, we can repeat the calculations 
for Steps 3–8. The results are summarized as follows:

Equating the head losses in the two branches gives
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Example 12.1

Solving for the velocities gives

Substituting this into the equation for vb used before 
gives
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Example 12.1

Recomputing the Reynolds number for branch b gives

There is no significant change in the value of fb. 
Therefore the values of the two velocities computed 
above are correct. We can now complete Steps 10 and 
11 of the procedure to find the volume flow rate in each 
branch and the head loss and the pressure drop across 
the entire system.
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Example 12.1

You should have

We can write the energy equation using points 1 and 2 
as reference points. Because the velocities and 
elevations are the same at these points, the energy 
equation is simply
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Example 12.1

Because hL(1-2) = ha = hb, we can use either Eq. (12–6) or 
(12–7). Using Eq. (12–6), we get

Note that this neglects the minor losses in the two tees. 
Then we have
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Example 12.2

The arrangement shown in Fig. 12.3 is used to supply 
lubricating oil to the bearings of a large machine. The 
bearings act as restrictions to the flow. The resistance 
coefficients are 11.0 and 4.0 for the two bearings. The  

-in drawn steel tubing with
a wall thickness of 0.049 in. Each of the four bends in 
the tubing has a mean radius of 100 mm. Include the 
effect of these bends, but exclude the friction losses 
because the lines are short. Determine (a) the flow rate 
of oil in each bearing and (b) the total flow rate in L/min.
The oil has a specific gravity of 0.881 and a kinematic 
viscosity of 2.5 x 10-6 m2/s. The system lies in one plane, 
so all elevations are equal.
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Example 12.2
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Example 12.2

You should have

They are all equal. Determine the magnitude of these 
head losses by using Step 1.
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Example 12.2

Using the given data, we get

Considering the losses in the bends and in the bearings, 
you should have
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Example 12.2

Where

We need the relative radius for the bends,

From Fig. 10.27 we find
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Example 12.2

The friction factor in the zone of complete turbulence 
can be determined by using the relative roughness and 
the Moody diagram, reading at the right end of the 
relative roughness curve where it approaches a 
horizontal line:
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Example 12.2

We can read fT = 0.013 from the Moody diagram. Now 
we can complete Step 3 by evaluating all of the 
resistance factors and expressing the energy loss in 
each branch in terms of the velocity head in the branch:
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Example 12.2

Since

For flow rate,
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Example 12.2

Similarly,

Then the total flow rate is
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12.3 Systems with Three or More Branches - Network

• When three or more branches occur in a pipe flow 
system, it is called a network.

• The equations available to describe the system are

• A third independent equation is required to solve 
explicitly for the three velocities, and none is 
available.
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12.3 Systems with Three or More Branches - Network

• A rational approach to complete the analysis of a 
system such as that shown in Fig. 12.4 employing 
an iteration procedure.
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12.3 Systems with Three or More Branches - Network

• The Cross technique requires that the head loss 
terms for each pipe in the system be expressed in 
the form

• Recall that both friction losses and minor losses are 
proportional to the velocity head. Then, using the 
continuity equation, we can express the velocity in 
terms of the volume flow rate. That is,



12. Parallel Pipeline System

ã2005 Pearson Education South Asia Pte Ltd

12.3 Systems with Three or More Branches - Network

• The Cross iteration technique requires that initial 
estimates for the volume flow rate in each branch of 
the system be made. 

• Two factors that help in making these estimates are 
as follows:

1. At each junction in the network, the sum of the flow 
into the junction must equal the flow out.

2. The fluid tends to follow the path of least resistance 
through the network. Therefore, a pipe having a 
lower value of k will carry a higher flow rate than 
those having higher values.
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12.3 Systems with Three or More Branches - Network

• Figure 12.5 shows a schematic representation of a 
three-pipe system such as that shown in Fig. 12.4.
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12.3 Systems with Three or More Branches - Network

• If the flow in a given pipe of a circuit is clockwise, Q and 
h are positive. If the flow is counterclockwise, Q and h 
are negative.

• The Cross technique for analyzing the flow in pipe networks 
is presented in step-by-step form below.

1. Express the energy loss in each pipe in the form

2. Assume a value for the flow rate in each pipe such that the 
flow into each junctionequals the flow out of the junction.

3. Divide the network into a series of closed-loop circuits.
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12.3 Systems with Three or More Branches - Network

4. For each pipe, calculate the head loss using the 
assumed value of Q.

5. Proceeding around each circuit, algebraically sum 
all values for h using the following sign convention:

i. If the flow is clockwise, h and Q are positive.

ii. If the flow is counterclockwise, h and Q are 
negative.

iii. The resulting summation is referred to as Σh.
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12.3 Systems with Three or More Branches - Network

6. For each pipe, calculate 2kQ.

7. Sum all values of 2kQ for each circuit, assuming all 
are positive. This summation is referred to as 
Σ(2KQ).

8. For each circuit, calculate the value of ∆Q from

9. For each pipe, calculate a new estimate for Q from
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12.3 Systems with Three or More Branches - Network

10. Repeat Steps 4–8 until ∆Q from Step 8 becomes 
negligibly small. The Q’ value is used for the next 
cycle of iteration.
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Example 12.3

For the system shown in Fig. 12.4, determine the 
volume flow rate of water at 15°C through each branch if 
600 L/min (0.01 m3/s) is flowing into and out of the 
system through the 2-in pipes.

The head loss in each pipe should now be expressed in 
the form of h = KQ2 as Step 1 of the procedure. 
Consider branch a first and write an expression for the 
head loss, ha.
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Example 12.3

The total head loss for the branch is due to the two 
elbows (each with Le/D = 30), the restriction (with 
K = 0.4 based on the velocity head in the pipe), and 
friction in the pipe. Then,

The friction factor for flow in the pipe is dependent on 
the Reynolds number and therefore on the volume flow 
rate. Because that is the objective of the network 
analysis, we cannot determine that value explicitly at this 
time.
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Example 12.3

Furthermore, the flow rate will, in general, be different in 
each segment of the flow system, resulting in different 
values for the friction factor. We will take that into 
account in the present analysis by computing the value 
of the friction factor after assuming the magnitude of the 
volume flow rate in each pipe, a step that is inherent in 
the Cross technique. We will use the Swamee–Jain 
method to compute the friction factor from Eq. (8–7). 
Then we will recompute the values of the friction factors 
for each trial as the value of the volume flow rate is 
refined.
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Example 12.3

We can introduce the volume flow rate Q into the 
equation by noting that, as shown before,

You should have something like this:
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Example 12.3

Because all three branches have the same size and type 
of pipe, these calculations apply to each branch. If 
different pipes are used throughout the network, these 
calculations must be redone for each pipe. For the 1-in 
steel pipe,

We should modify the Reynolds number formula as
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Example 12.3

Compare your results with these. Note that the pipe size 
in branches b and c is the same as that in branch a. For 
branch b:
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Example 12.3

For branch c:

Equations (12–20)–(12–23) will be used in the calculations of 
head losses as the Cross iteration process continues. When the 
values for the friction factors are known or assumed, the head 
loss equations can be reduced to the form of Eq. (12–18). Often it 
is satisfactory to assume reasonable values for the various friction 
factors because minor changes have little effect on the flow 
distribution and the total head loss.
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Example 12.3

We know that

Let’s use the initial assumptions

You should have, using Eq. (12–21) and D/ε = 578,
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Example 12.3

We now use Eq. (9–5) to compute the friction factor for 
each pipe:

Insert the friction factors and the assumed values for Q 
into Eqs. (12–20), (12–22) and (12–23):
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Example 12.3

Then ka = 2.67 x 106. Completing the calculation gives

Similarly, for branch b:

For branch c:
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Example 12.3

For circuit 1,

For circuit 2,

Here are the correct values for the three pipes:
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Example 12.3

For circuit 1,

For circuit 2,



12. Parallel Pipeline System

ã2005 Pearson Education South Asia Pte Ltd

Example 12.3

The values for ∆Q are estimates of the error in the 
originally assumed values for Q. We recommended
that the process be repeated until the magnitude of ∆Q 
is less than 1 percent of the assumed value of Q. 
Special circumstances may warrant using a different 
criterion for judging ∆Q. The calculation is as follows:
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Example 12.3

Notice that Qc is negative because it flows in a 
counterclockwise direction in circuit 2. We can interpret 
the calculation for Q’c as indicating that the magnitude of 
Qc must be decreased in absolute value.

Both ∆Q1 and ∆Q2 must be applied to Qb. For circuit 1,

This would result in an increase in the absolute value of  
Qb. For circuit 2,



12. Parallel Pipeline System

ã2005 Pearson Education South Asia Pte Ltd

Example 12.3

Thus,

Remember that the sum of the absolute values of the 
flow rates in the three pipes must equal 0.01 m3/s, the 
total Q.

Table 12.1 were found using a spreadsheet on
a computer.



12. Parallel Pipeline System

ã2005 Pearson Education South Asia Pte Ltd

Example 12.3
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