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6.1 INTRODUCTION

Fundamentals of flow through pipes were discussed in Unit 5. In this unit, you
will be introduced the flow through pipes in series, pipes in parallel, branch pipes
connecting three reservoirs, syphons, etc.

Objectives
After studying this unit, you should be able to

J conceptualise the situation of flow through complex pipes specially
when pipes are in series or parallel,

J explain “three reservoirs” and “four reservoir” problems under flow
through pipes, and

J describe use and application of siphons.

6.2 PIPES IN PARALLEL

Figure 6.1 shows three pipes 1, 2 and 3 connected in parallel. From the continuity
consideration, the total discharge is given by

Q=Q+Q, +Q; ... (a)

where Q;, Q; and Q3 are discharges in pipes 1, 2 and 3. Since the pipes are
connected in parallel, the loss of head in all pipes will be the same. Thus

iy =Ny = s ... (b)

There are generally two types of problems :
(1)  The loss of head (H) is given and the discharge is required.

(i1)) The discharge Q is given and the head loss and the distribution of
discharge in different branches are required.

In the first type of problems, the discharge in each pipe may be obtained from the
loss of head.
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2
H—hf3—f[§j\2/—3
3) 49

Knowing H, the values of V, V, and V3 may be obtained from the above
equations and hence the discharges Q;, Q» and Q3 obtained.

Then Q=0Q,+Q, +Q; ...(6.1)
1)

| )

®)

Figure 6.1 : Pipes in Parallel

In the second type of problems, the discharges Q;, Q» and Q3 can be expressed in
terms of H.

2
We know H= f1 i V;
D 29
or
or
29 _ .

where ki =A = a constant for a pipe

(s

Dy

Similarly, Q =k VH and Q =k;vH
Therefore, Q=Q+Q, + Qs
or Q:\/ﬁ(k1+k2+k3) ... (6.2)

As the discharge Q is known and K, k; and k3 are the constants, the value of H
may be obtained from Eq. (6.2). After H has been calculated, the discharge in
individual pipes may be obtained.



An approximate solution of the system of pipes in parallel can be obtained by
determining the percentage distribution of discharge. A reasonable value of the
loss of head H is assumed and the discharge in each pipe is found for the assumed
value of H. The distribution of discharge as the percentage of the total discharge
is worked out. It has been found that the percentage distribution of discharge does
not change much with the head. This means whatever be the total discharge, the
percentage distribution remains more or less constant. Thus from the percentage
distribution of discharge for assumed H, the discharge in each pipe can be
calculated for the given total discharge assuming that the percentage distribution
remains the same.

Example 6.1 —

Two reservoirs are connected by 2 pipes of the same length laid in parallel.
The diameters of the pipe are 10 cm and 30 cm respectively. If the
discharge through 10 cm diameter pipe is 0.01 cumecs, what will be the
discharge through 30 cm pipe? Assume that f is the same for both pipes.

Solution

For such problems, it is more convenient to express the Darcy-Weisbach
equation in terms of discharge as

2 2
ot LY L@ 1
D 2g D(nDzJ 29
4
2
or hf:162f><L5><Q—
T D 29

As the pipes are parallel, h;, =h¢,

6fL 1 o 16fL 1,

or —X x —xQ
292 DY 2972 D}
1 1
or sQl=——= Q)
(0.1) (0.30)
Q} =243Q¢

Substituting  Q;=0.01,  Q,>=243x0.01 x 0.01

or Q2 =0.156 cumecs

Two reservoirs are connected by three pipes of diameter D, 2D and 3D in
parallel. What will be the discharge of the other two pipes if discharge
through the smallest pipe is 1 m*/s?

Assume that all the pipes are of the same length and have the same friction
factor. Neglect minor losses.

Flow through
Complex Pipes
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6.3 PIPES IN SERIES

Let us now consider the case when the pipes joining the two reservoirs are
connected in series. Figure 6.2 shows a system of three pipes in series. Total loss
of head (H) is given by

2
H=h|_1+hf1+h|_2+hf2+h|_3+hf3+\2/—39 (63)

where h 1, hi; and hy 5 are losses at entrance, contraction and enlargement,
respectively,

ht1, hp and hg; are losses in three pipes due to friction, and

V3 is the velocity in pipe 3.

Figure 6.2

The hydraulic gradient line is below the energy gradient line, and the vertical
distance between the two lines is equal to the corresponding velocity head. The
reader should note a distinguishing characteristic between the two lines. The
energy gradient line always slopes down in the direction of flow, whereas the
hydraulic gradient line may rise or fall depending upon the velocity and pressure
changes. As the velocity in pipe 2 is more than the velocity in pipe 1, there is a
drop of the hydraulic gradient line at the junction point J;. On the other hand,
since the velocity in pipe 3 is less than that in pipe 2, the hydraulic gradient line
rises at the junction point J,.

For the pipe system shown, from continuity,
Q=Q=Q=Q
or AV, =AV, =AV;=Q ... ()
There are two types of problems in the pipe system :
(a) The discharge Q is known and the loss of head is required.
(b) The loss of head is known and the discharge is required.

In the first type of problems, as the discharge is known, velocities in different
pipes can be calculated using Eq. (a). Then the loss of head (H) is obtained using
Eq. (6.3). In the second type of problems, all the losses can be expressed in terms
of the velocity in any one pipe. The relation between the velocities in different
pipes can be obtained using Eq. (a). Substituting the values of all the losses in
terms of any one velocity in Eq. (6.3), that velocity can be obtained. The
discharge is obtained using Eq. (a).



Flow through
Example 6.2 — Complex Pipes

Two reservoirs are connected by a pipe line consisting of two pipes, one of
15 cm diameter and length 6 m and the other of diameter 22.5 cm and 16 m
length. If the difference of water levels in the two reservoirs is 6 m,
calculate the discharge and draw the energy gradient line. Take f=0 .04

Figure 6.3
Solution

Let the velocities in pipes 1 and 2 be V; and V,, respectively.

From the continuity equation,
Gj x15% xV, = G) x (22.5)% xV, or V, =2.25V,

Loss of head at entrance

2
hLl = 05 {LJ
29

2 2
or o, = 05Q25V)? V7
29 29

Loss of head due to friction in the pipe 1,

Ll Vl2
f1= ! 5 S
D 29
2 2 2
h¢p =0.04 x 6 W _ eV _g Yo
0.15 29 29 29

Loss of head due to sudden enlargement

h , = (Vl _V2)2
L= 5
g
2 2
or hi, = (225 -1)° Vi sV
g 29
Loss of head due to friction in pipe 2,
2
hep = f i V_2
D, ) 2¢g
2 2
or hep = 20000 Ve _pga Ve
0.225 29 29
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V. 2
Loss of head at exit= 2—2

2

2
(2.53+8.1+1.56 +2.84 + 1)\2/—2= 6 or V, =2.71 m/s
9

Now Q=AV, = g x (0.225)% x 2.71 = 0.108 cumecs

Energy gradient line (EGL) is shown in Figure 6.3.

(a) A pipe consists of 3 pipes in series as follows :
(1) 300 mlong, 15 cm diameter
(i) 150 m long, 10 cm diameter
(iii)) 240 m long, 20 cm diameter

The first pipe takes off from a reservoir with water level at an
elevation of 500.00. If the elevation of the pipe at the exit is 400.00,
find the discharge. Assume f = 0.04. Neglect minor losses.

(b) Two pipes of diameters 2D and D are connected in parallel, and when
a discharge passes through them, the loss of head is H;. When the
same two pipes are connected in series, the loss of head is H; for the
same discharge. Find the relationship between H; and H,. Assume
both the pipes are of the same length and have the same f. Neglect
minor losses.

(c) For the distribution main of a town water supply, a 500 mm diameter
pipe is required. As pipes of 500 mm diameter are not available, it is
decided to lay two smaller pipes of equal diameter in parallel. Find
the diameter of these pipes.

6.4 BRANCH PIPES CONNECTING THREE
RESERVOIRS

Figure 6.4 shows three reservoirs A, B and C at different water surface elevations
connected by three pipes 1, 2 and 3 meeting at the junction J. If a piezometer is
inserted at J, the liquid will rise in the piezometer, indicating the pressure at that
point. Let p be the pressure at J. Let the frictional losses in three pipes be hsi, hs
and hr;. Minor losses are usually neglected. Alternatively, the minor losses are
indirectly incorporated by increasing the lengths of pipes by a suitable amount
known as equivalent length due to minor losses.

If the pressure head at J is more than that at B, the liquid flows from J to B. From
the continuity equation,

Q=Q +Q; ... (a)



where Q;, Q2 and Qs are the discharges in pipes 1, 2 and 3 respectively.

Figure 6.4 : Three Reservoirs System

However, if the pressure head J is less than that at B, the direction of flow in pipe
2 would be reversed and the continuity equation becomes

Q +Q,=Q; ...(b)

Three types of problems that commonly occur in practice are given below:

Type 1
Given
Pipe lengths, diameters, the surface elevations of reservoirs A and B,
and the discharge Q,,
Required
To find the surface elevation of reservoir C.
Procedure
(1)  Compute the velocity V; in pipe from Q; and then find the loss
of head in pipe 1,
2
= H v
D)) 2¢g
and determine the pressure head (p/y) at J from
b, Z _Pa z,, — hyywhere z;and z, are elevations of J and
Y Y
A, respectively
(i1)) From the water elevations at point J and at reservoir B, find
direction of flow and the difference of heads (hr,), and hence
calculate the discharge Q».
2
hiy = f [iJ V—2
D, ) 2g
(ii1)) Calculate Q3 from the continuity Egs. (a) or (b), depending
upon the direction of flow.
(iv) From the known value of Qs, compute the loss of head in pipe
3, and hence determine the elevation of reservoir C.
Type 2
Given

Pipe lenghts and diameters, the elevations of liquid surface in
reservoirs A and C and the discharge Q, to reservoir B.

Flow through
Complex Pipes
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To find the elevation of liquid surface in reservoir B.
Procedure

The problem is solved by trial and error method. From the given data,
the sum of losses (hy; + hys) and the difference of discharge
Q1 — Q3 =Q; are known.

(a) Assume some suitable distribution of Q; and Q3 satisfying
the condition Q; — Q3 = Q,.

(b) Compute the loss of head hy; and hg; and see whether they
satisfy the requirement hy; + hgs = level in reservoir A —
level in reservoir C.

Repeat the procedure till a satisfactory solution is obtained.
Alternative

(a) Assume some suitable elevation of the piezometer level at
J to distribute the sum (hs; + hg) into two parts hy and hys.

(b) Compute the discharge Q; and Qs for the values of hy; and
ht;, and see if the continuity equation Q; — Q3 = Q; is
satisfied.

(¢) If not, assume different values of hy; and hy; till the
continuity equation is satisfied.

(d) Compute hy, for the value of Q, obtained in Step (ii).

(e) Obtain the reservoir level at B from the value of hy,
computed in Step (iv).

Type 3
Given
Pipe lengths and diameters, and the elevations of all reservoirs.
Required
To find the discharge in each pipe.
Procedure

This is the classic three-reservoir problem. In this case, it is not
known whether flow is in or out of the reservoir B.

(a) Assume that no flow occurs in pipe 2, i.e. the piezometric
level at J is assumed at the water elevation of reservoir B.

(b) Compute the discharge Q; and Qs.

(c) IfQ;> Qs, the liquid flows from J to B, and the continuity
equation Q; = Q; + Qs.

(d) IfQ; <Qs, the liquid flows from B to J, and the continuity
equation Q; + Q, = Qs.

(¢) When the direction of flow in pipe 2 is established, the
problem becomes rather simple. Let us assume that the
direction of flow is from J to B. Thus Q; = Q, + Qs.
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The piezometric level at J is assumed and the discharge in each pipe is

determined. Another value of the piezometric level at J is assumed and the

procedure is repeated. The procedure is continued till the resulting flow in

each pipe satisfies the discharge condition. While making assumptions of

the elevation at J, it is helpful to plot the computed values of Q; against the

error [Q; — (Q2 + Q3)]. The error may be positive or negative depending

upon the assumptions. The intersection of the line with Q,- axis gives the

required discharge. This corresponds to zero error (see Example 6.3).

Method 2

The problem can also be solved analytically once the direction of flow in
pipe 2 is known. Let us say that the direction of flow is from J to B. We
have the equations :

2 2
D, ) 29 D, ) 29
2 2
Hy =y s = 1| 0| Y0 [ B Y .. (i)
D, ) 29 D; ) 29

where H; = Elevation at A — Elevation at B;
H, = Elevation at A — Elevation at C,

and Q, = Q, + Q;, assuming the flow from J to B
or D?V, = D7V, + D}V, ... (iii)

Eqgs. (1), (ii) and (iii) can be solved simultaneously for V,, V, and V3 and
then the discharge Q;, Q, and Q3 can be obtained.

Example 6.3 —

Figure 6.5 shows three-reservoirs connected by pipes. Find the discharge in
each pipe. Take f=0.04. All the pipes are 1500 m long and 30 ¢cm in
diameter.

A

70

Figure 6.5

Solution

To determine the direction of flow in pipe 2, let us assume that no flow
occurs in pipe 2. That is, the piezometric level at J is 30 m above the datum.

hin=70-30=40
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or V; =1.98 m/sec

2
Therefore, 40 = 0.04 x [ﬂJ X i

0.3 19.62

Q = g x 0.30% % 1.98 = 0.140 cumecs

Now hi; =30-15=15
2
Therefore, 15=0.04 x 15001 Vi or V5 =1.21 m/sec
0.3 19.62

Q, = % x 0.30%x 1.21 = 0.0855 cumecs

Since Q; > Qs, the direction of flow is from J to B. The problem will first be
solved analytically.

Considering the flow from reservoir A to B,

2 2
40=hf1+hf2=0.04x(1500Jx{Vl 2 J

0.3 19.62 19.62

=10.2 (V72 +V5)

or V, =4/3.92 -V} ... (a)

Likewise, considering the flow from reservoir A to C,

0.04 x 1500 2 2
55— 72 24V
03x2x981 V7 +V5)

=102 (V2 + V) ... (b)

or V; =4/5.39 -V}

From the continuity of flow, Q, =Q, + Q;

or Vi A =V, A, + V5 A

Since A=A=A, Vi=V,+V; ... (c)
From Egs. (a), (b) and (¢),

V=392 -V2 + /539 -V .. (@)
Eq. (d) may be solved by trial and error. The solution gives V; = 1.90 m/sec.

From Egs. (a) and (b), V> = 0.557 m/sec, V3= 1.335 m/sec.
Thus Q= 0.134 cumecs, Q; = 0.039 cumecs, and Q3 = 0.094 cumecs.

Alternative Method

The problem may also be solved graphically after the direction of flow in
pipe 2 has been ascertained. For the first trial, let the piezometric level at
J =50 m above the datum.

hy =70-50=20

2
zozo.04x(@ij
03 ) 19.62
or Vi2=196 or V;=1.40 m/sec



Flow through

Q= % x 0.30% x 1.40 = 0.099 cumecs Complex Pipes
Now hyp, =50 -30=20
2
Therefore, 20=004x |20, V2, V, =1.40 m/sec
0.3 19.62

Q, = % % 0.30% x 1.40 = 0.099 cumecs

Now hy =50 - 15=35
2
Therefore, 35=0.04 x 1500 x Vs or V; =1.85 m/sec
0.3 19.62

Q, = % x 0.30%x 1.85 = 0.130 cumecs

Error=Q, - (Q, + Q3)
=0.099 — (0.099 + 0.130) = - 0.130 cumecs

Negative
| |

Positive
| |
0.20 0.10 0 0.10 0.20

< >

Error=Q; - (Qz2 + Qg)

Figure 6.6

Similarly, assuming the level at J = 40 m above the datum, we get
Q:=0.121 cumecs, Q; = 0.07 cumecs, and Q; = 0.11 cumecs
Error = Q - (Q, + Q)
=0.121-(0.07 +0.11) = - 0.059 cumecs
Assuming the level at J = 35 m above the datum, we get

Q:=0.132 cumecs, Q, = 0.049 cumecs, and Q3 = 0.098 cumecs
Error=Q; - (Q, + Q;)
=0.132 -(0.049 + 0.098) = — 0.015 cumecs

Figure 6.6 shows a plot between Q; as ordinate and the error

[Q: — (Q, + Q3)] as abscissa.

From the plot, the correct value of Q,, corresponding to zero error, is
0.134 cumecs. For this value of Qy, the values of Q, and Q3 may be
calculated.
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Three reservoirs A, B and C are connected by branch pipes 1, 2 and 3
meeting at a junction J. Pipe 1 connects reservoir A to J, pipe 2 connects J
to reservoir B, and pipe 3 connects J to reservoir C. The water level in
reservoirs A and B are respectively 50 m and 30 m. If the discharge in pipe
1 is 0.10 cumecs, determine the water level of reservoir C. All the pipes are
1000 m long and have 300 mm diameter and f = 0.04. Neglect minor losses.

6.5 BRANCH MAINS CONNECTING FOUR
RESERVOIRS

Figure 6.7 represents 4 reservoirs A, B, C and D connected by a system of pipes.
Reservoir A supplies liquid to reservoirs B, C and D through branch mains 2, 3
and 4. If the water elevations of the reservoirs are known, the discharge in each
main can be calculated.

Figure 6.7

Let h be the piezometric height at J. Let us denote the heights of liquid levels in
reservoirs about datum by Z;, Z,, Z3 and Z4 and the height of the junction J by Z.
Applying Bernoulli’s equation,

or

Also

or

or

Likewise

and

21=Z+h+hf1

ZI=Z+h+f(%1]J{%J ... (a)

Zz+hf2:Z+h

ZZZZ+h—hf2

2
Z,=z+h-f|L2||Ye .. (b)
D, )\ 29
2
Z,=z+h—f||[Ys L ©
D; )\ 29
2
Z,=Z+h—f|La|| Vi @
Dy )\ 29



Also from the continuity of flow, Flow through
Complex Pipes
Q=Q+Q;+Qy
or VIA =V, A +V3 Ay +V, A ... (e)

Egs. (a) to (¢) may be solved for Vy, V2, V3, V4 and h. After the velocities have
been determined, the discharge in each pipe can be calculated.

The problems can also be solved by trial and error. Different values of ‘h’ are
assumed till the flow conditions satisfy the continuity equation, i.e.

Q =Q, +Q3 +Qq.

6.6 SYPHONS

When a pipe is laid in such a manner that a part of it is above the hydraulic
gradient line, it is called a syphon pipe, or simply a syphon. Figure 6.8 shows a
pipe in which the part CDE is above the hydraulic gradient line (the vertical scale
is exaggerated in the figure). The pressure head at any point along the axis of the
pipe is equal to the distance between the hydraulic gradient line and the axis. It
follows that the pressure at points C and E is zero, i.e. the pressure is
atmospheric. The pressure in the reach CDE, where the pipeline is above the
hydraulic gradient line is, negative. The minimum pressure will be at the summit
point D where the vertical intercept between the point and the hydraulic gradient
line is maximum.

2

2 /- 5

«Q

Figure 6.8 : Syphon

If the absolute pressure at the point D reaches the vapour pressure, cavitation
occurs and the gases are liberated. For water, the maximum height of summit
above the hydraulic gradient, for normal temperature and pressure, is about
7.80 m (i.e. vacuum pressure = 7.8 m of water and absolute pressure = 2.5 m of
water).

The discharge through a syphon may be obtained as in an ordinary pipe
connecting two reservoirs. Thus

2
H =h_+h; +V—
29

where h; = loss at entrance and hs = loss due to friction.

Example 6.4 —

A pipe of 1 m diameter connects two reservoirs having a difference of level
of 6 m.
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le———800m ——

Figure 6.9

The total length of the pipe is 800 m and rises to a maximum height of 3 m
above the level of water in the higher reservoir at a distance of 200 m from
the entrance. Find the discharge in the pipe and pressure at the highest
point. Take f = 0.04, and neglect minor losses.

Solution

2
M=y = f (Lj(v_j

D)l 2g

2
or 6=0.04x(@jxv—

1 29

V =1.92 m/sec

Q=AvV =§x 17 x1.92 =1.51 cumecs

Loss of head upto point C, assuming uniform loss,

200)X 1.92)*

=1.50 m
1 2 x9.81

Negative pressure at C =3 + 1.50 = 4.50 m of water.

Pe__ 4.50 m of water

Y
A more accurate value of the negative pressure at C may be obtained by
applying Bernoullis’ equation to points A and C, taking datum at the
reservoir level at A,

2
0=&+3+V—+hf

Y 29
2
or 0=Pec 3, (1.92) +1.50
Y 2% 9.81
&:—4.69m of water.
Y

It may be noted that the difference between the two values of the pressure at
C is due to the velocity head.




A pipe 200 mm diameter and 1200 m long connects two reservoirs, one Flow through
. . . .. Complex Pipes

being 30 m lower than the other. The pipe crosses a ridge whose summit is

2.5 m above the upper reservoir.

Determine the depth of the pipe apex below the ridge in order to ensure that
the pressure in the pipe does not fall below 7.80 (vacuum). The length of
the pipe from the upper reservoir to the pipe apex is 300 m. Take f = 0.03.

6.7

SUMMARY

Flow through two or more parallel pipes is explained. In parallel pipes, the
loss of head is the same in all pipes. Discharge, Q =Q, + Q, + Q3 +...

Flow through two or more pipes in series is discussed. In such pipes, the
discharge is the same in all pipes. Loss of head, hy =h¢; + hs, + hssy +...

When branch pipes connect three or more reservoirs, the discharge cannot
be directly determined.

In three-reservoir problems, the piezometric head at the junction point (J) of
the three pipes is important. This pressure should be determined from the
given flow conditions.

If the piezometric head at the junction point cannot be determined directly,
it should be assumed. The assumed piezometric head should be corrected
till the continuity equation is satisfied.

The flow through branch mains connecting four reservoirs can be
determined by trial and error. Alternatively, a digital computer can be used.

A syphon pipe lies above the hydraulic gradient. The pressure in a syphon
pipe is negative.

To avoid cavitation, the absolute pressure in a syphon pipe should be
greater than the vapour pressure.

6.8

ANSWERS TO SAQs

SAQ 1

Since the pipes are in parallel, the losses of head is the same in all the pipes.
If Q;, Q2 and Qs are the discharges in the pipes of diameters D;, D, and Ds,
respectively,

16 fL XQ_E_ 16fL Q;  16fLxQs

then h: = =
""h2x2g D’ #2x2g (2D)° 7?29 x(3D)

or ¥
D> 32D° 243D°

Therefore, Q, =(32)""? (Q,) =5.66x1.0 =5.66 m* /s

Q; = (243)"% (Q,) =15.59x 1.0 =15.59 m® /s

SAQ 2

(a) For the pipes in series,
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2 2
SN A RN A PR
D, { 29 D, | 29 D; 29

From continuity equation,

T N2 T N2 T N2
Zp2v, == Dlv, == D2V
4 1 V1 4 2V2 4 3 V3
or I (0.15)2 xV, = 5 x (0.10)% xV, = = x (0.20)% V;
4 4 4
2
Therefore, V, = [%j xV; =225V,

2
v =[ &9 v —0s625v,
0.20

2
Now H =0.04x 300 Vl +0.04x(ﬂ)x{\/2} +0.04 x 240 V3

015 29 0.10 29 020 2g

300 V7 150\ (2.25V; )
or 500 — 400 = 0.04 x L+o.04x( jx i
0.15 29 0.10 29

2
+ 004 240 (05625 V2
020 | 2g

2
or 100 = % [2000 + 7593.75 + 379.69]

Vi =222 m/s
Q= % x (0.15)* x 2.22 = 0.0392 m’/s

(b) Let us express hs in terms of Q.

2 2
he=f.= S

L
D 2g .B[RDZT 29
4

_lefl Q%
n2x29 D’

2
or h¢ =kQ—5 where Kk = i6ﬂ'
D

n° x 29

When the two pipes are connected in parallel,

2
H1 le =k Q2 :
D (2D)
2D
or Q Ql (—J
or Q2=5.6570Q,
But Qi + Q= Total discharge Q



(c)

SAQ 3

Therefore, Q+56570Q,=Q
or Q,=0.150Q
2 2 2
H, :kQ_gzkx{MJzo_ozng_
D D’ D’
When the two pipes are connected in series,
2 2
Hy=k 2k
D (2D)
But Q=Q,=Q
2 2
Therefore, H, = kQ (1 + ij _3 k O
D’ 32) 32 D’

From Egs. (a) and (b),
Hy_ 33  _ 45.83
H, 32x0.0225

. (a)

- (b)

Let D be the diameter of the single main and d be the diameter of each

smaller pipe in parallel.

2
D 2g
2gh; D
or V = 90
fL

Q=LDp2%v =1 p? 20h; D
4 4 fiL

_Q
=5
2gh; d
Also  q=Zq? |23
fL
2gh; d
or Q=Tgq2 [29MC )
4 fL

From Egs. (a) and (b),

2gh; d 2gh; D
ax g2 [F9ME T |29
4 L 4 fl

or d>’2 =0.50 x (D)2

d =(0.50)*"° x D

=0.758 x 500
=379 mm = 380 mm (say)

Velocity in pipe 1,

. (a)

.(b)

Flow through
Complex Pipes
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V, =L=1.415 m/s
L 2
— % (0.30
(5] < 030

Loss of head in pipe 1,

2
h¢ =0.04><1000>< L
0.30 29

2
L1000 (1415

=0.04 13.6 m
0.30 19.62
Piezometric head at J=50—-13.6 =36.4 m
Therefore, flow in pipe 2 is from J to B.
2
hy, = 0.04 x| 12007, [ V2
2 030) | 2g
2
or 36.4 —30=0.04 x (mj X Vi
0.30) 19.62

or V,=0.942 m/s

Q, = % (0.30)% x 0.942 = 0.066 m> /s

Q; =0.10 — 0.066 = 0.034 m> /s

V; = no'ﬂ =0.48m/s
=(0.3)°
p (0.3)
2
hy, =0.04 x 1000 1048”1} 56 m
0.30 19.62
Level of water level in C = 36.40 — 1.56 =34.84 m
SAQ 4
2
hf = f LV—
D 2g
2
or 30:0.03><@><V—
020 29
V=1.81m/s

Applying Bernoulli’s theorem to a point on the water surface of the upper
reservoir and the pipe apex,

2
0=Pix+ vZ + hy
¥ 29
where p is the pressure at the pipe apex and X is the height of apex above
the water surface in the upper reservoir.
Substituting the values,
2 2
(I8D° | (03, 300 (18D
19.62 0.20 19.62

-x=-7.80+0.17+7.51

0=-780+x+
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or x=0.12 m Flow through
' Complex Pipes

Depth of the pipe apex below the ridge
=2.50-0.12=2.38 m.
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