Chapter 3
Local Energy (Head) Losses

3.1. Introduction

Local head losses occur in the pipes when there is a change in the area of the cross-
section of the pipe (enlargement, contraction), a change of the direction of the flow
(bends), and application of some devices on the pipe (vanes). Local head losses are also
named as minor losses. Minor losses can be neglected for long pipe systems.

Minor losses happen when the magnitude or the direction of the velocity of the flow
changes. In some cases the magnitude and the direction of the velocity of the flow may

change simultaneously. Minor losses are proportional with the velocity head of the flow
and is defined by,

h, 25\5—9 (3.1)

Where & is the loss coefficient.
3.2. Abrupt Enlargement

There is certain amount of head loss when the fluid moves through a sudden
enlargement in a pipe system such as that shown in Fig. (3.1)

Impuls-momentum equation is applied to the 1221 control volume along the horizontal
flow direction. The forces acting on to the control volume are,

a) Pressure force on the 1-1 cross-section, If1 =p,A
b) Pressure force on the 2-2 cross-section, F, = p, A,
c) Pressure force on the 3-3 cross-section, F, = p,(A, — A))

Laboratory experiments have verified that p, = p,, F, = p,(A, - A))
d) Momentum on the 1-1 cross-section, M, = pQV,

1
QZ IOQVZ

¢) Momentum on the 2-2 cross-section, M
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Fig. 3.1.

Neglecting the shearing force on the surface of the control volume,

val + plAl + pl(A2 _Al)_ pzAz _vaz =0

(p1 - pz)Az = pQ(Vz _Vl)

p=L
g

PPy :&(Vz _Vl)

/4
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Applying the continuity equation,

Q=V,A =V,A,

v, =V, A
A,

Substituting this,

PP Ly Ay, Ay vj
7/ gAz(lAllAz lA'll

A 3.2
A

Substituting Equ. (3.2),

v (ﬁ}z_ﬁ VAR

29/\A, ) A| 29 29
) AV,

ViA =Vohy =

2 2 2 2
hoV Ve ViiVvy) V,
29 29 g|lVv,) Vv

29 29 ¢ g
AP

h
29 g 29
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(Vl _Vz )2

h, = 33
L 2 (3.3)
This equation is known as Borda-Carnot equation. The loss coefficient can be derived
as,
2 2
h =—|1- 2\£+V—22
29 VvV, V,
2 2
(R
29 A A
V2 ’
h, = —1(1 —ﬁ) (3.4)
290 A
The loss coefficient of Equ. (3.1) is then,
2
E =( —ﬁ] (3.5)
A,

The loss coefficient £ is a function of the geometry of the pipe and is not dependent on to
the flow characteristics.

Special case: Connecting to a reservoir,

Viii2g
Energy Line

Fig. 3.2.
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Since the reservoir cross-sectional area is too big comparing to the area pipe cross-

A .
section, A, >> A ,— =0, the loss coefficient will be equal to zero, (=0. The head loss is
2
then,

3.3. Abrupt Contraction

Flow through an abrupt contraction is shown in Fig. 3.3.

Dead Zone
1 / a
2

Aq AT/
v, —» y Pa A, ——> V,

)

Fig. 3.3

Derivation of the C loss coefficient may be done by following these steps.

a) Bernoulli equation between 1, C, and 2 cross-sections by neglecting the head loss
between 1 and C cross-sections is for the horizontal pipe system,

VZ2 A
&+_C:&+_2+hl_

y 20 y 29 y 29

PV
b) Continuity equation of the system,

Q :V1A1 :VCAC :VzAz
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c) Impuls-Momentum equation between C and 2 cross-sections,

(pc - P )Az = pQ(Vz _Vc)

Solving these 3 equations gives us head loss equation as,

h = (VC _VZ )2
L 29

A N (3.7)

h, = (_2_1j -2
Ac 29

Where,
C. = % = Coefficient of contraction (3.8)
2

The loss coefficient for abrupt contraction is then,

V2
h o—gl2
L§2g

Cc contraction coefficients, and { loss coefficients have determined by laboratory
experiments depending on the A,/A; ratios and given in Table 3.1.
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Table 3.1.

AYAy |0 0.10 0.20 0.30 040 0.50 0.60 0.70 0.80 0.90 1.00
Cc 0.62 062 0.63 064 0.66 068 0.71 0.76 0.81 0.89 1.00

d 0.50 046 041 036 030 024 0.18 0.12 0.06 0.02 0

Example: At an abrupt contraction in a pressured pipe flow, Q = 1 m*/sec, D; = 0.80 m,
D, = 0.40 m. Calculate the local head when contraction coefficient is Cc = 0.60.

Solution: Since discharge has been given,

4
V, = Q2 -4 - =7.96m/sec
D, 7x0.40
aD? 40?
A== _ 0407 _ ) 1os7m?
A. =C_A, =0.60x0.1257 =0.0754m*
1
c Q. =13.26m/sec
A.  0.0754
Ve -V, ) 26-7.96)°
hL:(C ) _(13.26-796) _ o

29 19.62

Or,

1) v2
h =| —-1] x—=
C. 19.62

2 2
hLz[L—lj « 198" _ | 44m
0.60 19.62

Special case: Pipe entrance from a reservoir,

Loss coefficient { depends on the geometry of the pipe connection to the reservoir. The
loss coefficient { is 0.50 for square-edge entrance. Fig. (3.4)
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0.5V*2g

Vg

Fig. 3.4

V2
h, =0.5— 3.10
L 2 (3.10)

The head loss at the pipe fittings, bends and vanes is calculated with the general local loss
equation (Equ. 3.1). The loss coefficients can be taken from the tables prepared for the
bends and vanes.

Example 3.1. Two reservoirs is connected with a pipe length L. What will the elevation
difference between the water surfaces of the reservoir? Draw the energy and hydraulic
grade line of the system.

0.5V22g

/7 Vi2g
ﬂ‘
T E.L. AH=?

HG.L. Tt v \ 4
v A

H,
A\ 4

L= Pipe Length

Fig. 3.5

8 Prof. Dr. Atill BULU



Solution: Bernoulli equation between reservoir (1) and (2),

Since the velocities in the reservoirs are taken as zero, V| = V, =0, and the pressure on
the surface of reservoirs is equal to the atmospheric pressure,

Z,—1, :hL

The head losses along the pipe system are,

2
1) Local loss to the entrance of the pipe, h, =0.5 \;—
l g
. fv?
2) Head loss along the pipe, h, =JL=——L
: D 2¢g
2
3) Local loss at the entrance to the reservoir, h = a0
’ g

The total loss is then will be equal to the elevation difference between the reservoir
levels,

z,-2,=h,
2 2 2
21—22:0.5\/— iV—L Vo
2g D 2g 29
2 2
Z,-12, —1.5V—+iv—
2g D 2g
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Numerical Application: If the physical characteristics of the system are given as below,
what will be difference between the reservoir levels? Calculate the ratio of local losses to
the total head loss and give a physical explanation of this ratio.

0.5V*/2g=0.20m

T E.L. AH=82.62

V*/2g=0.41m

) e
HGL e Y
: A
¥5)
> '
L=2000m

Q=02 m3/sec, f=0.02, L=2000m, D=0.30m

The velocity in the pipe,
4Q 4%x0.2
V = 2 = 2
7D 7x0.3
V =2.83m/sec
The velocity head,
2 2
Ve = 2.83 =0.41m
29 19.62
The elevation difference is then,
2 2
z,-1, :1.5V—+iv— L
2g D 2g
0.02

Z,-2,=15x0.41+0.41x 5 %2000

z,-2,=0.62+82.0
Z,—-7,=82.62m

10 Prof. Dr. Atill BULU



The ratio of local losses to the total head loss is,

92 _ 0075

82.62

As can be seen from the result, the ratio is less than 1%. Therefore, local losses are
generally neglected for long pipes.

3.4 Conduit Systems

The other applications which are commonly seen in practical applications for conduit
systems are,

a) The Three-Reservoir Problems,
b) Parallel Pipes,

c) Branching Pipes,

d) Pump Systems.

3.4.1 The Three-Reservoir Problems

Consider the case where three reservoirs are connected by a branched-pipe system. The
problem is to determine the discharge in each pipe and the head at the junction point D.
There are four unknowns (Vap, Ve, Vpe and pp/y ), and the solution is obtained by
solving the energy equations for the pipes (neglecting velocity heads and including only
pipe losses and not the minor losses) and the continuity equation. The physical
characteristics of the system such as lengths, diameters and f friction factors of the pipes,
the geometric elevations of the water surfaces at the reservoirs and the piezometric head
at the junction D are given. The reservoirs are located as, za> zg> zc. There are three
possible solutions of this problem,

a) (z+£j =7,
7o

Zg

E.L v
Z -7
‘A ~
- // B
v — ~
N
A ~
& \\ Zc
~
~
Zp v ~ V
D C
Figure 3.7
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Since (Z +£J =2, ,there will be no flow from or to reservoir A, and therefore,
7 )b

QAD =OavAD =0"]AD =0

QBD :QDC

The relations between the reservoir levels B, and D and the piezometric head at the
junction D are,

Po
zg—h =zp+—=1zc+h__

Energy line slope (Jgp) of the BD pipe can be found as,

Z, -1, _Po

Using the Darcy-Weisbach equation,

fv2
- D2g

The flow velocity in the BD pipe can be calculated by,

12
29Dy, J
Veo :(—g o0 BDJ (3.12)
fBD
And the discharge is,
Qe = AspVep
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The energy line slope, the velocity and the discharge of the CD pipe are then,

.J _ ZA B ZC Leo
° LCD LCD
1/2
V _ 2gDCD‘]CD
cb — f
CD

p
b) zc<zA<(z+— <
7o
Zg
E.L.
_ AV
Za -
K B
- N
- N
\\
A Po N
N
v \\ Zc
\\
nn Y N AV
D C
Figure 3.7

The continuity equation for this case is,

Qgy =Qap +Qpe

The relations between the reservoir levels B, A, and C and the piezometric head at the
junction D are,

Zg —hLBD :(z+§j =zA+hLAD =1 +hLCD
D

13 Prof. Dr. Atill BULU



The energy line slopes of the pipes are,

‘JBD = =
LBD LBD
J — 4 D _ Lw
AD — L = L
AD AD
J 7 D Leo
cb L = L
(o) cD
p
c) Ic <|Z+—| <Z,<14
7 )b
7g
E.L.
\V4
7~
Zy e B
//
AV - ///
A pD \\\
— \\ Zc
\\
mn _VY N AV
D C
Figure 3.8

The continuity equation is,

QBD +QAD = QCD

The relations between the reservoir levels B, A, and C and the piezometric head at the
junction D are,
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The energy line slopes of the pipes are,

Example: The water surface levels at the A and C reservoirs are respectively z4=100 m
and zc= 70 for the given three-reservoir system. Reservoirs A and B are feeding reservoir
C and Qa = Qg . Calculate the water surface level of the reservoir B. Draw the energy
line of the system. The physical characteristics of the pipes are,

73=89.47m
E.L.
\V4
Z,=100m Prad
// B
v L el
A Po o N
~ Z(=70m
v \\
p Y N \V4
D C
Figure 3.9
Pipe Length (m) Diameter (mm) f
AD 500 150 0.03
BD 1000 200 0.02
DC 1500 250 0.03
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Solution: The head loss along the pipes 1 and 3 is,

h, +h, =z, -2, =100-70=30m (1)

Since,

Q1 :Qz =Q
Q3:2Q

Using the Darcy-Weisbach equation for the head loss,

2 2
. inx(ﬂj
29D 29 \zD?
2
h, = 8f2xLQ5
gr D

Using Equ. (1),

8 (flLle N szfoJ

“ gz’ D D;

30 8%0.03 500><Q2+1500><(2Q)2
9.81x7z>| 0.15° 0.25°

30=31566Q"

Q =0.0308m" /sec = 30.8t/sec

Q, =0.0308m* /sec

4
_4Q, _ 4x0.0308 1 74m/sec

_7ZD12 rx0.15

Vl

Q, =2Q, =2x0.0308 = 0.0616m"’ /sec

4
_4Q, _4x00616 | e

V. =
’ ;]  7x0.25°
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Head losses along the pipes are,

_fVZEL 0.03x1.74% x500

h, =15.43m
' 29D, 19.62x0.15
f.v;'L, o 26°
h, = fVeks _ 0.03x1.26"x1500 _, ,
* 29D, 19.62x0.25
h, +h_ =15.43+14.57 =30.00m
For the pipe 2,
Q, =Q, =0.0308m" /sec
4 .
V, = Qi _4x0 03028 =0.98m/sec
D]  7x0.20
o f.V.,)L, _ 0.02x0.98% x1000 _ 4.90m
* 29D, 19.62x0.20

Water surface level of the reservoir B is,
(z +£] =7, —h_ =100.00-15.43 = 84.57m
7 )b

(z +£J — 7, +h, =70.00+14.57 =84.57m
7)o |

z, :(z+£] +h, =84.57+4.90=89.47m
7)o

3.4.2 Parallel Pipes

Consider a pipe that branches into two parallel and then rejoins as in Fig..... . In pipeline
practice, looping or laying a pipeline parallel to an existing pipeline is a standard method
of increasing the capacity of the line. A problem involving this configuration might be to
determine the division of flow in each pipe given the total flow rate. In such problems,
velocity heads, and minor losses are usually neglected, and calculations are made on the

basis of coincident energy and hydraulic grade lines.

17
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Q Q
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Figure 3.10

Evidently, the distribution of flow in the branches must be such that the same head loss
occurs in each branch; if this were not so there would be more than one energy line for

the pipe upstream and downstream from the junctions.

Application of the continuity principle shows that the discharge in the mainline is equal
to the sum of the discharges in the branches. Thus the following simultaneous equations

may be written.

h, =h, (3.13)
Q=Q,+Q,

Using the equality of head losses,

f1|-1V12 _ fz L2V22

D, 29 D,2g

12
Vi _[f.LD, (3.14)
y .

If f; and f, are known, the division of flow can be easily determined.

18
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Expressing the head losses in terms of discharge through the Darcy-Weisbach equation,

fviL L 16Q°

h = X
‘' D2g 29D ~D*

16 fL
h — 2
- (27zng5JxQ (3.14)

Substituting this to the simultaneous Equs (3.12),

K1Q12 = KzQz2

3.15
Q:Q1+Q2 ( )

Solution of these simultaneous equations allows prediction of the division of a discharge
Q into discharges Q; and Q, when the pipe characteristics are known. Application of
these principles allows prediction of the increased discharge obtainable by looping an
existing pipeline.

Example: A 300 mm pipeline 1500 m long is laid between two reservoirs having a
difference of surface elevation of 24. The maximum discharge obtainable through this
line is 0.15m%/sec. When this pipe is looped with a 600 m pipe of the same size and
material laid parallel and connected to it, what increase of discharge may be expected?

Solution: For the single pipe, using Equ. (3.14),

h, = KQ?
24 =K x0.15>
K =1067
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K for the looped section is,

For the unlooped section,

A
1 24m
B, Ly=600m
A \ AV4
1
Figure 3.11
L
Ko =2 K =229 1067
L 150
K, =427
L-L
K'= K
L
K':1500_600x1067
K'=640

For the looped pipeline, the headloss is computed first in the common section plus branch

A as,

h, =KQ*+K,Q,
24 =640xQ° +427xQ;

And then in the common section plus branch B as,

24=640xQ% +427xQ2 (2

20
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In which Qs and Qg are the discharges in the parallel branches. Solving these by
eliminating Q shows that Q,=Qgp (Which is expected to be from symmetry in this
problem). Since, from continuity,

Q:QA+QB
_Q
QA—2

Substituting this in the Equ (1) yields,

24 =640%(2Q, )’ +427xQ}
24 =2987Q;

Q, =0.09m*/sec
Q=0.18m"/sec

Thus the gain of discharge capacity by looping the pipe is 0.03 m*/sec or 20%.

Example: Three pipes have been connected between the points A and B. Total discharge
between A and B is 200 It/sec. Physical characteristics of the pipes are,

f=f,=f =002
L =L, =L, =1000m
D, =0.10m, D, =0.20m, D, =0.30m

Calculate the discharges of each pipe and calculate the head loss between the points A
and B. Draw the energy line of the system.

A T —— A hL= 13.33m

VY.
[ ]
v

Figure
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Solution: Head losses through the three pipes should be the same.

hLl :hLz :hL3
‘]1L1 :le—z :‘]3L3

Since the pipe lengths are the same for the three pipes,

J, =7, =1,
2 2 2
gt vt 1eQt  8f Q
D 29 D 29 #*D* gx* D°

And also roughness coefficients f are the same for three pipe, the above equation takes
the form of,

Q%
DS - DS - DS
1 2 3
Using this equation,
5/2 25
D .
&=(_1] =(wj =0.177
Q, D, 0.20
Q, =0.177Q,
5/2 25
D .
&:[_Sj =(—0 30} =2.76
Q, D, 0.20
Q, =2.76Q,

Substituting these values to the continuity equation,

Q,+Q, +Q, =0.200
0.177Q, +Q, +2.76Q, =0.200
3.937Q, = 0.200
Q, =0.051m*/sec
Q, =0.177x0.051=0.009 m* /sec
Q, =2.76x0.051=0.140m* /sec

Q, +Q, +Q, =0.009+0.051+0.140 = 0.200 m3/sec
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Calculated discharges for the parallel pipes satisfy the continuity equation.

The head loss for the parallel pipes is,

8f Q;

Le = 2 55 °
gr D;

_ 8x0.02 0.14°
e 981xz>  0.30°

L

x1000=13.33m

3.4.2 Branching Pipes

Zz
v ——_——
A Q\\:\\\\\ &Z pmin
Ps S~ Y Y Zc
7/ \\\I\ v
C \\\\
B b> pmin
Y v
Zp v
D

Figure 3.12
Consider the reservoir A supplying water with branching pipes BC and BD to a city.

Pressure heads (p/y) are required to be over 25 m to supply water to the top floors in
multistory buildings.

Pe s 25m,b >25m

4 4
Using the continuity equation,

QAB = QBC +QBD
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Two possible problems may arise for these kinds of pipeline systems;

a) The physical characteristics of the system such as the lengths, diameters and
friction factors, and also the discharges of each pipe are given. Water surface
level in the reservoir is searched to supply the required (p/y)min pressure head at
points C and D. The problem can be solved by following these steps,

1) Velocities in the pipes are calculated using the given discharges and diameters.

2) Head losses for the BC and BD pipes are calculated.

2
h, :ixv—x L

D 2g

Piezometric head at junction B is calculated by using the given geometric elevations of
the points C and D.

Since there should be only one piezometric head (z+p/y) at any junction, the largest value
obtained from the equations (1) and (2) is taken as the piezometric head for the junction
B. Therefore the minimum pressure head requirement for the points C and D has been
achieved.

3) The minimum water surface level at the reservoir to supply the required pressure
head at points C and D is calculated by taking the chosen piezometric head for the
junction,

Z, :(z+£J +h,
Ve
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b) The physical characteristics and the discharges of the pipes are given. The
geometric elevations of the water surface of the reservoir and at points C and D
are also known. The minimum pressure head requirement will be checked,

1) Vas, Vpc and Vpp velocities in the pipes are calculated.

2) Head losses along the pipes AB, BC and BD are calculated.

3) Piezometric heads at points B, C and D are calculated.

Z+—| =z,-h_,

N
+
|
|

N
+
|
I

242>

/4

242

/4

4
Ve
)4
7o

j ; ( ]mln
B 7/ min

4) If the minimum pressure head requirement is supplied at points C and D, the
pipeline system has been designed according to the project requirements. If the
minimum pressure head is not supplied either at one of the points or at both

points,

a) The reservoir water level is increased up to supply the minimum pressure head at
points C and D by following the steps given above.

b) Head losses are reduced by increasing the pipe diameters.

Example: Geometric elevation of the point E is 50 m for the reservoir system given. The
required minimum pressure at point E is 300 kPa. The discharge in the pipe DE is 200
It/sec. The physical characteristics of the reservoir-pipe system are given as,

Pipe Length(m) Diameter(mm) f

ABD 1000 200 0.03

ACD 1000 300 0.03
DE 1500 400 0.03

25
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116.59m

V 94.50m
A Tt Vi 80m
TE=—__
B \\\\\\\\ ;;
A
50m
\V4
C
D E
Figure 3.13

Calculate the minimum water surface level to supply the required pressure at the outlet E
Draw the energy line of the system. Yyater= 10 KN/m”.

Solution: The velocity and the head loss along the pipe DE are,

4Q 4x0.2
V. = = =1.59m/sec
Pe DY %042 /

2 2
_ Vorboe _ 0.03x1597x1500 _

h =
e 29D 19.62x 0.4

Since,

I-ABD LACD

fVAZBD I_ABD — fVAZCD I_ACD
2gDABD ngACD
0.03xV o, x1000 ~0.03 xV i x1000

20x0.2 2g9x0.3

0.3xV 2, =0.2xV 2o
Ve = 0816V,

Prof. Dr. At1l BULU
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Applying the continuity equation,

Q= QABD +QACD
%x(o.z2 XV g5 + 0.3 xV 2 )=0.200

0.04xV 5 +0.09%xV, o =0.255
0.04x0.816xV g +0.09xV . = 0.255
Vo =2.08m/sec

V aep = 0.816x2.08 = 1.70 m/sec

The discharges of the looped pipes are,

2
Q _ 7ZDABD ><V
ABD ABD

4

2
7x0.2 <1.70

Quep =
Q.0 = 0.053m* /sec

7xD?

QACD - 4ACD VACD
7x0.3%

Qucp = 1 2.08

Q,cp =0.147m* /sec

The head loss along the looped pipes is,

— — fVAzBD LABD
I-A(.‘,D I-AE!D 2gDABD
B 0.03x1.70% x1000
L 19.62%0.2

h, =22.09m

27
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Piezometric head at the outlet E is,

z+£ :50+ﬂ:80m
Yw)e 10

The required minimum water surface level at the reservoir is,

zAz(z+BJ +hLD +hLACD
Ve ’

z, =80+14.50+22.09
z,=116.59m

Example: The discharges in the AB and AC pipes are respectively Q;=50 It/sec and
Q,=80 It/sec for the pipe system given. The required pressure at the B and C outlets is
200 kPa and the geometric elevations for these points are zg= 50 m and z.= 45 m. The
physical characteristics of the pipe system are,

Pipe Length (m) Diameter (mm) f

RA 2000 300 0.02
AB 1000 350 0.02
AC 1500 400 0.02

Calculate the minimum water surface level of the reservoir R to supply the required
pressure at the outlets. Draw the energy line of the system. yyawer= 10 kKN/m”.

93.79m
70.79m
V - =
A E<-———__ Ps
S~. T ——o — =20m
S~ol I y
\\\ \V/ 45m
B “~_
N 2 Pe_o400m
4
50m \V/
C
Figure 3.14
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Solution: Since the discharges in the pipes are given,

4 .
Vg = Q/;B = 4X005? =0.52m/sec
s wx0.35

_ Vil _ 0.02x0.52°x1000 _ o

be 29D, 19.62x0.35

[z+£j =[z+£j +h,
VA Ve

2+ 2| = (50+@j+0.79 —70.79m
N 10

4 .
Ve = Q;\c = 4XO08(2) =0.64 m/sec
.  7x0.40

VL ) .64
_ Waclac =002><064 x1500=1.57m

be 29D, 19.62x0.40

(z+£] =(z+£j +h
VA Ve

2+ P 245029 1 57266.57m
N 10

If we take the largest piezometric head of the outlets 70.79 m, the pressure will be
200kPa at the outlet B, and the pressure at outlet C is,

PRCRE
c 7 a

=70.79-1.57-45.00 = 24.22m
p=y,x2422=10x24.22 =242.2kPa > 200kPa

VR
Nl <o
N—

C
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Water surface level at the reservoir R is,

Qra = Qg +Quc =0.05+0.08=0.13m° /sec

4 .
Veu = QSA _ 40 132 =1.84m/sec
Dz 7x0.30

_ Vaalen _0.02x1.847x2000 o

ta 29D, 19.62x0.30

Z, =(z +Bj +h,_ =70.79+23.00 = 93.79m
VA

3.4.4. Pump Systems

When the energy (head) in a pipe system is not sufficient enough to overcome the head
losses to convey the liquid to the desired location, energy has to be added to the system.
This is accomplished by a pump. The power of the pump is calculated by,

N=3QH (3.16)

Where 1y = Specific weight of the liquid (N/m®), Q = Discharge (m*/sec), H = Head to

be supplied by pump (m), N = Power of the pump (Watt). Calculated pump power should
be divided by n = Efficiency factor of the pump.

Example: Reservoir D is fed by a pump and pipe system. Pressure heads in the pipe flow
at the entrance and at the outlet from the pump are respectively 5 and 105 m. The
geometric of the pipe before the pump is 0.50 m. The efficient power of the pump is 75
kW. The friction factor at all the pipe system is = 0.03. (Minor losses will be neglected).

a) Calculate the discharge in pipe BC,

b) What will be the discharges in the parallel C1D and C2D pipes?
¢) Calculate the water surface level of the reservoir D.

d) Draw the energy line of the system.

Pipe Length (m) Diameter (mm) f
BC 1000 300 0.03
C1D 3000 400 0.03
C2D 1500 200 0.03
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Figure 3.

Solution:

a) The head to be supplied by the pump is,

AH jyy =105-5=100m

The efficient power of the pump is,

Q= N7 _ 75000 =0.076m* /sec = 76 It/sec
H  1000x9.81x100

b) The velocity in the pipe BC,

4 .
Ve = ? = 4X007§ =1.08 m/sec
..  7x0.30
The head loss is,
V2
lee f x —2< X Lgc
Dgc 29
2
= 0.03 X 1.08 x1000 =5.94m

e 030 19.62
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Since,

hLl :hLz

2 2
lxv_lx |_1 :LXV_2X |_2
D, 2g D, 2g

2 2

OO3><V—1>< 0= O'O3x—2><1500
0.40 2g 0.20 g
VIZ :V22
vV, =V, =V

Q=Q,+Q,

Q="

Q, =,
Q - 7Z'X2.42 <V, = 0.14672 <\
Q, - ﬁxg.22 XV, = 0.107[ <V
Q, =4Q,

Q,+Q, =76m* /sec
5Q, =76lt/sec

Q, =152lt/sec  Q, =60.81t/sec

¢) The velocity and the head loss in the parallel pipes are,

V, =V, =V :&01522:0'48 m/sec
7x0.20
2 2
h, =h, :va—x L, :%x0'48
' * D, 29 0.40 19.62
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Total head loss is,

>h =h_ +h_
D h, =594+2.64=8.58m

The water surface level of the reservoir D is,

z, =(Z+BJ - h,
7 s

Z, =0.50+105-8.58=96.92m

105.50m

qﬁ 99.56m

A pump B

Example: Reservoir A is feeding reservoirs B and C by a pump and pipe system. The
discharge to reservoir C is Q, = 0.10 m*/sec. If the efficient coefficient of the pump is 1 =
0.70 n, what will be required power of pump? Draw the energy line of the system . The
physical characteristics of the pipe system are,

Pipe Diameter (mm) Length (m) f
1 300 400 0.020
2 150 300 0.015
3 200 1000 0.025

33
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110m

90m

AV
65m C
\Vi 3
A 1
—
Figure

Solution: Beginning with pipe 2,

_0.015_5.66°

X

0.15 19.62

x300=49m

L

Energy level at the outlet of the pump is,

He :(z+£] =2 +h, =90+49=139m
outle }/ b
Pipe 3:

Head loss along the pipe 3 is,

hL3 =H;

outlet

—25 =139-110=29m
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=—x—xL
Ly D, 2g 3
V2
20 = 0'025>< > %1000
0.200 19.62
V, =2.13m/sec
aD: 20°
Q, =5y, = 2020 5 13- 0.067m? fsec
Pipe 1:
Ql :Qz +Q3
Q, =0.100+0.067 = 0.167m" /sec
4 .
V, = Q12 _4x0 16Z =2.36m/sec
D, 7x0.30
f, V72 : 36°
Co L, 20020, 2367 60— 7.57m
' D, 2¢g 0.30 19.62

Energy level at the entrance to the pump is,

Hp

ent

=2z, -h_ =65.00-7.57=57.43m

The energy (head) to be supplied by pump is,

AH,=H, —H

p outlet

» =139.00-57.43=81.57m

The required power of the pump is,

~ 9.81x1000x0.167x81.59

N
P 0.70

35
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N 90m

65m
57.43m

V - [
A 1
Pump

Example: Reservoir B is fed by reservoir A with 600 It/sec discharge. The water surface
levels in the reservoirs are za = 100 m and zg = 90 m. If the pipe diameter is D = 0.50m,

the friction factor is f = 0.02, and the efficiency factor of the pump is n = 0.70, calculate
the required pump power. The lengths of the pipes are respectively L; = 500 m and L, =

1000 m. Draw the energy line of the system.

100m

pump
90m

I v

C

Figure
Solution: Since the discharge of the system is known, the head loss from reservoir A to
the pump can be calculated as,

4 .
= Qz = 4X0602 =3.06 m/sec
7D 7x0.50

\Y
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f V2
L =—X—X
AC D 2g
_0.02X3.062
e 0500 19.62

LAC

x500=9.54m

The energy level at the entrance to the pump is,

H._ =100-9.54=90.46m

Since the pipe diameter is same along the pipe, and L, = 2L, the head loss along the
pipe 2 is,

h, =2h_ =2x9.54=19.08m

The energy level at the outlet of the pump should be,

He, =90.00+19.08 =109.80m

The pumping is then,

AH =109.80-90.46 =18.62m

pump
The required power of the pump is,

H . .
N — R :9810><O 600x18.62 156568W = 157kW

n 0.70
109.08m
100m AL
/ \\ 90.46m
AV / \
———————— / \ V
AN
A \
\

37 Prof. Dr. Atill BULU



