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12. Parallel Pipeline System

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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12. Parallel Pipeline System
Chapter Outline

1. Introductory Concepts
2. Systems with Two Branches
3. Systems with Three or More Branches — Network
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12. Parallel Pipeline System
12.1 Introductory Concepts

o 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. Parallel Pipeline System
12.1 Introductory Concepts

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

Q= =0, +0 + ¢ (12-1)

To help analyze the pressures, use the energy
equation between points 1 and 2:
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12. Parallel Pipeline System
12.1 Introductory Concepts

e Solving for the pressure drop:

pi—p2=7Ylza — z)) + (@3 — v)/22 + k]

» 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

hp s =hy=hy=h, (12-2)
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12. Parallel Pipeline System
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.

e Because velocities are unknown, friction factors are
also unknown.
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12. Parallel Pipeline System
12.2 Systems with Two Branches

« Wewill use the system shown in Fig. 12.2 to illustrate

the analysis of flow Iin two branc

 The basic relationships that app
Eqgs. (12-1) and (12-2) except t
branches instead of three.

 These relationships are

O =0=0, 1t 0

hy, , = hg = hy
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12. Parallel Pipeline System
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 Eqg. (12-3). Then
express the branch flows as the product of the flow
area and the average velocity; that Is,

0,=A,v, and Qp = Apy
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12. Parallel Pipeline System
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. Parallel Pipeline System
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.

/. 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. Parallel Pipeline System
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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12. Parallel Pipeline System
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
14 4in 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
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12. Parallel Pipeline System
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?

Q1 = Agvg + Aptp (12-5)

From the given data, A,=2.168 x 103 m?, A,;=9.653 X
10— m?, and Q1=0.006 m3/s.

Generate another equation that also relates v, and v,
using Step 2.
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12. Parallel Pipeline System
Example 12.1

Equation (12—4) states that the head losses in the two
branches are equal. Because the head losses h, and h,
are dependent on the velocities v, and v, respectively,
this equation can be used in conjunction with Eqg. (12-5)
to solve for the velocities. Now, express the head

losses In terms of the velocities for each branch.

he = 2K (va/2g) + Ka(vi/2g)
where

K, = fr(L./D) = Resistance coefficient for each gate valve

K, = Resistance coefficient for the heat exchanger = 7.5 (given in problem statement)
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12. Parallel Pipeline System
Example 12.1

The following data are known:

for = 0.019 for a 2-in Schedule 40 pipe (Table 10.5)
L./D = 8 fora fully open gate valve (Table 10.4)

Then

K, = (0.019)(8) = 0.152
h, = (2)(0.152)(v2/2g) + 7.5(v2/2g) = 7.80(v2/2g) (12-6)

For branch b,

hy = 2K5(v3/28) + Ku(vp/2g) + Ks(vp/2g)

K; = fir(L./D) = Resistance coefficient for each elbow
K, = fur(L,/D) = Resistance coefficient for the globe valve

K:; = fi(L,/D) = Friction loss in the pipe of branch b
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12. Parallel Pipeline System

Example 12.1

The known data are

Jor
Lt,fﬂ
Lffﬂ

Then

K,

0.022 for a 1%-in Schedule 40 pipe (Table 10.5)
30 for each elbow (Table 10.4)
340 for a fully open globe valve (Table 10.4)

(0.022)(30) = 0.66

K, = (0.022)(340) = 7.48
Ks = £,(6/0.0351) = 170.9f,
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12. Parallel Pipeline System
Example 12.1

Then,
By = (2)(0.66)v3/2g) + (7.48)(v2/28) + fo(170.9)(0 /22)
hy = (8.80 + 170.9f)(v2/2g)

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

D/e = (0.0351/4.6 X 107°) = 763
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 h, gives

hy = [8.80 + 170.9(0.023)](v; /2g) = 12.73(v; [2g) (12-7)
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12. Parallel Pipeline System
Example 12.1

You should have v,=1.28v,, obtained as follows:\

ha My

7.80(v3/2g) = 12.73(v}/2g)
We have

Q) = Au, + Apyy, (12-5)

v, = 1.280, (12-8)

QJ — ﬂﬂ{].jgﬂb} + Abﬂb — TUE_I,{].EB!'J!.J + AE—I.}
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12. Parallel Pipeline System
Example 12.1

Solving for v, we get

o) 0.006 m? /s
I"rb _— frm—
1.284, + A [(1.28)(2.168 X 107%) 4+ 9.653 X 107¢] m?

vy = 1.6m/fs

Ua = (1.28) 1.6 m/s) = 2.05 m/s

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

N Rb = () bD b I.n"rﬂ'

Ngp = (1.6)(0.0351)/(1.124 X 107%) = 5 x 10*
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12. Parallel Pipeline System
Example 12.1

Using this value and the relative roughness of 763 from

before in the Moody diagram yields a new value,

f, = 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:

e = [8.80 + 170.9(0.025))(v; /2g) = 13.07(v;/2g)
rez-\.l'

= ?.H{P[E‘ﬁflg} (same as for first trial)
Equating the head losses in the two branches gives

Iﬂgﬂ. = h_h

TRO0(w2/2g) = 13.07(v:/2g)

©2005 Pearson Education South Asia Pte Ltd



12. Parallel Pipeline System
Example 12.1

Solving for the velocities gives

v, = 1.29m,

Substituting this into the equation for v, used before
gives

0.006 m? /s | S0 my
Up = - — = [.3Y9 m/s
[(1.209(2.168 % 107y + 9.653 % 107 m*

ve = 1.29%0 = 1.29(1.59) = 2.05 m/s
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12. Parallel Pipeline System
Example 12.1

Recomputing the Reynolds number for branch b gives

Npp = vpDp/v

Ngs = (1.59)(0.0351)/(1.124 x 107%) = 5 x 10*

There Is no significant change In the value of f,..
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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12. Parallel Pipeline System
Example 12.1

You should have

0, =Aw, = (2.168 ¥ 107 m*)(2.05 m/s) = 0.004 m/s

Oy = Apvp, = (9653 X 107* m?)(1.59 mfs) = 0.002 m'/s

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

P — P2 = vhy (12-9)
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12. Parallel Pipeline System
Example 12.1

Because h ;) = h, = hy,, we can use either Eq. (12-6) or
(12-7). Using Eqg. (12-6), we get

ha = 7.80(vz/2g) = (T.80)(2.05)*/19.62 m = 1.67 m

Note that this neglects the minor losses In the two tees.
Then we have

IpJ = p» = yhr = 9.81 kN/m” % 1.67 m = 16.38 kN/m*
= 16.38 kPa
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12. Parallel Pipeline System
Example 12.2

The arrangement shown in Fig. 12.3 is used to supply
lubricating oll 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
insin eahb enb ar e -indtad®vn 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 oll iIn each bearing and (b) the total flow rate in L/min.
The oll has a specific gravity of 0.881 and a kinematic
viscosity of 2.5 x 10-° m4/s. The system lies in one plane,
so all elevations are equal.
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12. Parallel Pipeline System
Example 12.2

E=11.0 /7 é-in # 0.049-in steel tubing

Py =275 kPa Q. py=195kPa
CP i ) CP
H Bearing H
—F'QJ T - T :"_EE
e R
' r= 100 mm

K=4.0 typical, 4 bends

©2005 Pearson Education South Asia Pte Ltd



12. Parallel Pipeline System
Example 12.2

You should have

fi;_:fiﬁ.:f?b (12=10)

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

Using the given data, we get

(275 — 195} kN m-
= it

hy -
m- (0.BE1)9.81) kN

Ay = 9.26m

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

h. = 2K, (v2/2e) + K+iv2/2g) (12-12)
a R T FAR E:

hy = 2K, (vi/2e) + Kaivi/2g) (12-13)
b L UVR) < WU/ <8
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12. Parallel Pipeline System
Example 12.2

W here

K, = fr(L./D) = Resistance coefficient for each bend

K> = Resistance coefficient for the bearing in brancha = 11.0(given in problem

-

statement)

K5 = Resistance coefficient for the bearing in branch & = 4.0 (given in problem
statement)

Jr = Friction factor in the zone of complete turbulence in the steel tube

(L./D) = Equivalent length ratio for each bend (Chapter 10, Fig. 10.27)

W e need the relative radius for the bends,
r/D = (100 mm)/(10.21 mm) = 9.79

From Fig. 10.27 we find
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12. Parallel Pipeline System
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:

Dfe = 0.01021 m/1.5 ¥ 10 "m = 6807
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12. Parallel Pipeline System
Example 12.2

We can read f+ = 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:

K| = friL,/D) = (0.013){29.5) = 0.384
K-, = 11.0
E_q = 4.0

a1 a1

h, = (2)(0.384)(vs/2g) + 1100wz 2g)

hy = 11.77u2/2g (12-14)
hy = (2)(0.384)(v5/2g) + 4.0(v3/28)
hy = 4770828 (12-15)
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12. Parallel Pipeline System
Example 12.2

Since N
h, = 11.770%/2¢
2ah H2)9.819.206
Vg = 4 8 _ | { ! }mfs = 393m's
V1177 11.77

hy, = 4.77vi/2g
Dghy  [(2)981)(9.26)
BTN 477 N 77

m's = 6.17 mfs

For flow rate,

60 000 Limin

Qq = Agvy, = B.IB9 X 1077 m® % 3.93m/s 3

. = 1953 L/min
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12. Parallel Pipeline System
Example 12.2

Similarly,

Qp = Apryp, = 30.3 L/min

Then the total flow rate Is

0, =0, + O = (193 + 30.3)L/min = 49.6 L/min
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12. Parallel Pipeline System

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

Q1 =0:2=0,+0p + O (12-16)

hp, , = hg = hy = h; (12-17)

A third independent equation Is required to solve
explicitly for the three velocities, and none Is
available.
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12. Parallel Pipeline System
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.

5
a K=4
0 — I
a Jj
rOcess contro
evices

1]

I

=12
I =
W: :

MNote: Inlet and outlet pipes: 2-in Sch. 40

N

Branch pipes @, b, and ¢: 1-in Sch. 40
©2005 Pearson Education South Asia Pte Ltd Elbows are standard



12. Parallel Pipeline System
12.3 Systems with Three or More Branches - Network

 The Cross technigue requires that the head loss
terms for each pipe in the system be expressed In

the form

h = kQ" (12-18)

 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,

v = Q/A

-;.‘2 _ QE_,-"'.""!.E
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12. Parallel Pipeline System
12.3 Systems with Three or More Branches - Network

« The Cross iteration technigue 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. Ateach 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. Parallel Pipeline System
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. Parallel Pipeline System
12.3 Systems with Three or More Branches - Network

« Iftheflow in agiven pipe of a circuit is clockwise, Q and
h are positive. If the flow is counterclockwise, Q and h
are negative.

« The Cross technigue 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
h = kQ?

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. Parallel Pipeline System
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:

. If the flow Is clockwise, h and Q are positive.

Il. If the flow Is counterclockwise, h and Q are
negative.

lll. The resulting summation is referred to as 2h.
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12. Parallel Pipeline System

12.3 Systems with Three or More Branches - Network

6.
/.

For each pipe, calculate 2kQ.

Sum all values of 2kQ for each circuit, assuming all
are positive. This summation is referred to as
2(2KQ).
For each circuit, calculate the value of AQ from

2h

— )_19)
AQ S (2k0) (12-19)

For each pipe, calculate a new estimate for Q from

Q' =0 - AQ
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12. Parallel Pipeline System
12.3 Systems with Three or More Branches - Network

10. Repeat Steps 4—-8 until AQ from Step 8 becomes
negligibly small. The Q’ value Is used for the next
cycle of iteration.

©2005 Pearson Education South Asia Pte Ltd



12. Parallel Pipeline System
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 = KQ? as Step 1 of the procedure.
Consider branch a first and write an expression for the
head loss, h..
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12. Parallel Pipeline System
Example 12.3

The total head loss for the branch is due to the two
elbows (each with L./D = 30), the restriction (with

K = 0.4 based on the velocity head in the pipe), and
friction in the pipe. Then,

)

hg = 20 frn30)vs/2g) + d.ntz-i,.-"zg;l + falLa/ Dol z'il.-"fg}
(elbows) (restriction) { friction)

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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12. Parallel Pipeline System
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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12. Parallel Pipeline System
Example 12.3

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

2 T 542
vz = Qa/A4z

You should have something like this:

hy = [60(fr) + 4.0 + (£)(12/0.0266)](u2/2¢)
hy = [60(f,r) + 4.0 + 451( £)](Q2/2A%)

ha = [60(0.023) + 4.0 + 451()]| T ?j X l{+‘4f]

h, = [5.38 + 451( f,)](1.64 % 107)Q2 (12-20)
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12. Parallel Pipeline System
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,

Dje = (0.0266 m)/(4.6 x 1077 m) = 578
We should modify the Reynolds number formula as

valy  Q.D; Q4(0.0266)
v Agv (5.574 % 107115 % 1079
Ng, = (4.15 = 100, (12-21)

J.hirR a
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12. Parallel Pipeline System
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:

hy = H_'I}I.rilg. 2g) + fully/ D_g.]l[ulg. ig
(restriction) (friction)

hy = [8.0 + fR(6/0.0266)](QF/2g4%)
hy = [8.0 + 225.6(f)](1.64 = 10703 (12-22)
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12. Parallel Pipeline System
Example 12.3

For branch c:

he = 2(fp)300(x2/2g) + 12.0(05/2g) + fAL/D)xz/2g)
(elbows) (restriction) (friction)

h, = [60(f.r) + 12.0 + £412/0.0266)](v2/2g)
h. = [60(0.023) + 12.0 + 451£.](Q7/2gA%)
he = [13.38 + 451(f,)](1.64 < 10M)Q; 12-23)

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 Eqg. (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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12. Parallel Pipeline System
Example 12.3

W e know that

0.+ 0, + 0. =0 =001 m/s

Let’s use the Initial assumptions

) = 0.0033 m/s ), = 0.0036 m /s ) = 0.0031 m/s
a i s

You should have, using Eq. (12-21) and D/e = 578,

Np, = (4.15 x 1000, = (4.15 * 107)(0.0033 m™s) = 1.37 = 10°
Ngp = (4.15 % 10105 = (4.15 % 107)(0.0036 m/s) = 1.49 = 10°
Np. = (4.15 % 1010, = (4.15 = 107)0.0031 m¥/s) = 1.20 = 107
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12. Parallel Pipeline System
Example 12.3

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

;- 0.25
i - - i
mgm( 1, _w_?4ﬂ
3.7(Dfe)  NBY
f.;? = 0-25 . 0.0241
lﬂ“m( l N 5.74 : ]
TN AT5TR) (1,37 % 10529

Insert the friction factors and the assumed values for Q
Into Egs. (12—-20), (12-22) and (12-23):

h, = [5.38 + 451(F))(1.64 = 10002 = k.0
h, = [5.38 + 451(0.0241)](1.64 = 10702 = 2.67 = 10°0>
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Then k, = 2.67 x 10°. Completing the calculation gives

h, = 2.67 x 10%(0.0033)° = 20.05

Similarly, for branch b:

hy = [8.0 + 225.6( fi)](1.64 % 1000F = kxOF
hy = [8.0 + 225.6(0.0240)](1.64 = 10MQ7 = 2.20 % 10°Qf
hy, = 2.20 % 10%0.0036)° = 28.53
For branch c:

he = [13.38 + 451(f£)](1.64 % 10902 = k02
h, = [13.38 + 451(0.0242)](1.64 > 107)Q2 = 3.99 x 10502
h. = 3.99 % 10%0.0031)" = 38.31
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For circuit 1,

Shy = h, — hy = 20.05 — 28,53 = 0.52.

For circult 2,

Ef?z = '&b — fi',,_- = 2¥.53 — 38.3]1 = —0.78

Here are the correct values for the three pipes:

2k,0, = (2)(2.67 ¥ 10%(0.0033) = 17 609
26,05 = (2)(2.20 % 10%)(0.0036) = 15850
k.0, = (2)(3.99 % 10°)(0.0031) = 24 717
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For circuit 1,

S(2kQ); = 17600 + 15850 = 33459

Sh 0.52

_ 1 & —5
kO, = 33250 .56 = 10

For circuit 2,
¥ (2k@); = 15850 + 24717 = 40 567

Sh —0.78
AQy = ——= =" = 241 x 107*
S(2kQ); 40567
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The values for AQ are estimates of the error in the
originally assumed values for Q. We recommended
that the process be repeated until the magnitude of AQ
IS less than 1 percent of the assumed value of Q.
Special circumstances may warrant using a different
criterion for judging AQ. The calculation is as follows:

Q. =0, — AQ, = 0.0033 — 1.56 % 107
= 0.003 28 m"/s

0. =0.— AQ, = —0.0031 — (=241 x 1074
= —0.002 86 m"/s
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12. Parallel Pipeline System
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Notice that Q. 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 Iin absolute value.

Both AQ, and AQ, must be applied to Q. For circuit 1,
0y = 0p — AQ, = —0.0036 — 1.56 % 1077

This would result iIn an increase In the absolute value of
Q. For circuit 2,

0y =0y — AQ; = +0.0036 — (=241 % 107H
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Thus,

0y = 0.0036 + 1.56 % 1077 + 2.41 = 1074

= 0,003 86 m°/s

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.
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12. Parallel Pipeline System

Example 12.3

TAELE 121
Trinl Circeit  Pipe g N ! k k=K 0 AQ % Change

1 a 2300 x 1077 137 = 10° 0024l 26T = 10P oG4 1TES 048

1 b — 3600 % 107 230 % LF —38530 15850 —0.44
Sumcfkand 260 = 0.5M IS L5810

2 b AAN = 100 149w 10F 0040 220w 1P 2R.530 15850 —&.70

e —A00 107 129w 0% 00ME 0 380w 10% —3EA1Z MTIT 7.78
Sumof h and 260 = — 0782 40567  —2.411x 10

1 a 3R 107 136k 10° 00241 267 x 10 WTEL 17TSE 345

v | b —385T = 107 20w 0% —A2T0 16957 204
Sumof b and 280 = —3916 34485 L1353k 10

3 b 85T 1077 LE0 o 10° 00239 220 = 1P IO 1E6ET 0.0

¢ —ZESOx LY 19 10° 00243 400 = L — 32654 22844 —.04
Sumcfhand 3002 =  00dE @01 L1851 = 107"

1 a 3308« 1Y L4l 10f 00241 26T = 1E 30TT0 18112 .03

3 b — 3742 % 1077 20 0k 10 —30BIE 16482 Qa2
Sumof b and 240 = —0082 34574 9076 = 107

2 b AT 10 LSS x 10° Q020 220 x 1P ALBIZ 16462 —1.28

e —28&0 % 107 L9 w 100 O024% 400w 10% —32eE0 2EE 147
Sumof h and 280 = — 1878 39315 —4776 % 1077

1 a 3356 107 141x 0% 00241 26T = 10 WTET IRl 1,

4 b —3.78% = 100 220 % 10F 31570 16664 (k1]
Sumof f and 202 = —0783  3M7R)  -2252 % 10°°

3 b 1785 x 1077 LSTx 10° 00240 220 = 10P ALSTO 16664 i

¢ —2812x 1 117 = 10 00244 400 = 1F 3612 22482 .04
Sumocfkapd 360 = —0M2 WMHE 1073 x 1070
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