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QUESTION 1 [28 Marks]
1.1. Discuss how Bernoulli’s Equation was developed and its limitations. Show its derivation
and state the three basic assumptions. (7)

- Bernoulli’s equation was derived from Euler’s equation;
- Euler stated that there are 3 forms of energy:

o Potential energy BEITTEE
o Pressure energy R — |3
o Kinetic energy
- The three energies can be exchanged: potential —>pressur
—_

— 2

- The limitation of Bernoulli’s Equation is that it was derived based on assumptions: | 5

mgz = potential/elevation energy
P m/p = Pressure energy
(“4)mv? = kinetic energy

» Fluid is incompressible (p = constant)
« No friction — energy between the different forms is converted without losses
« No external work - No energy added or withdrawn as the fluid flows through the control volume

(steady flow).

1.2.Define secondary losses and their typical nature. Also discuss the various types of secondary losses and
the possible causes for each briefly. Also discuss the concept & advantages of converting secondary
losses to an equivalent length of a pipe. (8)

Secondary (minor) losses include all the pipeline energy losses which are not due to \9
wall friction. It is very small compared to friction losses and sometimes can be neglected.

The nature of the secondary losses is such that it is a constant fraction of the kinetic energy. Each type of

loss can be quantified using a loss coefficient (K), which leads to a straightforward mathematical @

formulation.

2
2g

o find an appropriate K-value for each fitting type.

Different types of secondary losses: @
o inlets and outlets — due to change from small pine to reservoir

Sudden (or gradual) contraction ? losses due to changes in flow area (flow geometry), which

Sudden (or gradual) expansion causes speed change

Losses in bends, elbows and T’s — due to directional changes (change in momentum)

fitting losses - cause a change in the flow pattern, such as valves, meters, sieves, etc.

O 00O

« concept & advantages of converting the secondary losses to an equivalent length of a pipe. @
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* ltis alength of pipe which causes the same head loss as the minor head loss factors (e.g. valve or fitting).

Frictional losses are assumed to be equal to secondary losses. The pipe has the same length & same

properties.

equivalent length of straight pipe, with the same hydraulic properties. Head loss is
due to friction only, and hence makes calculation quicker, simpler/easier and efficient since
secondary losses are accounted within the pipe’s equivalent length.

1.3. Discuss the operating mechanisms of centrifugal pumps. Also list the components of submersible
centrifugal pumps and their function. (9)
*  Centrigugal pump operates by the action of centrifugal force - is the apparent force that draws a rotating @
body away from the center of rotation. It is caused by the inertia of the body.
* The centrifugal pump creates an increase in pressure by transferring mechanical energy from the motor
to the fluid through the rotating impeller.

suction and discharge flow. The fluid flows from the inlet to the impeller centre and out along its blades/eyes. As @

* the main components of a centrifugal pump and mention the purpose

(i) Impeller - rotating part of centrifugal pump, consists of a series of backward curved vanes (blades). It is
driven by shaft , which is connected to the shaft of an electric motor. Imparts kinetic energy (velocity) by
rotating the liquid

(i) Casing - an air-tight passage surrounding the impeller, which is g stationary part. Casing collects flyid
(velocity) from the impeller and converts into a static pressure.

(i) Suction Pipe - pipe which conveys water from reservoir to impeller

(iv} Delivery Pipe - pipe that delivers water from impelier to reservoir or distribution system

(v Shaft - the bar by which the power is transmitted from the motor to impeller. it can be driven by electric motor or oil

engine
(vi) Driving Motor — responsible for rotating the shaft. 1t can be mounted directly on the pump, above it or adjacent to it

1.4. Discuss the difference between arranging pipes in series and in parallel in terms of objectives and
operation. Also discuss the concept and advantage of converting pipes in series to an equivalent pipe
length. (6)

)

* Pipes in Series:

~ Objective — to increase Hand keep Q constant

— In this configuration, all pumps must operate simultaneously. @
* Pipes in Parallel: |

~ Objective — to increase Q and keep H constant

*  Discharge from the parallel pumps will be collected to a single point for the same head.

— In this configuration, any number of pump can be operated @
simultaneously.

3/5
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= Any number of pumps can be brought to operation by automatic switching
according to the level in the suction reservoirs.
= |n series pumps, the system will not operate if one pump is out of operation.

o Concept and advantage of converting pipes in series to an equivalent pump : @

_ It means that the hydraulic engineer converts the entire pipe, with all its
different sections in series, to a single pipe section with uniform properties.

— The equivalent pipe will have the exact-same hydraulic properties as the real
pipe with its different sections in series. Hence, makes calculation quicker,
simpler/easier and efficient '

QUESTION 2 [15 Marks]
2.1 Derive Darcy Weisbach Formula using the Mechanical Principles. (5)
Pressure drop Ap is expressed as the pressure head due to friction b, For tutbulent flow 1, G‘F —‘
E Fomenmhqﬂuplugdm_urw S
=wettedm:a av. pressure differential Io zkly*
N r-(Ze 1 '
Shet:rs:rzssbetw:;n D S mmmammmmmmammmmmum
water and pipe Reslsting Force dus to effective _ Sy
v ' stressAto Ty k, =i‘{’_; (ﬁlﬁli) \/
L o \PNDAZ
FI;.S.IVaﬂableswﬁhinasectlonofa pipe F= ri’q{)z;‘(@ﬁ 1
i oo v
. Atconst. velocity, the two forces sre in balnce: Ang&g \/ ,_..!'.'_2@’ Darcy-Weishach Eqn
5 &\ J |

2 7 Derive wave celerity and transient pressure equations for an elastic pipe carrying a
compressible fluid. t))

From the diagram, an increase in pressure AP
induces a hoop stress o. If D is the internal
diameter of the pipe and t is the wall
thickness.

Equating forces per unit length:

20t = AP.D 0.5

O__E*zr.AD =E,AD
z.D D
AD D . . .-
— —— = ——AP This is the fractional change in diameter
D  2Et 0.5
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Fractional change in area:

> Fromthe geomeiry:
dabD 4 A4 D Et

e ’:(/_'/J/ / ///’, : The pressure change across the shock is the
A — v ,}-.;,; ////i AHAA same as that of rigid pipes, still given by:
e
p’p. mw;{: AP =MG 0.5

> Continuity principle: ple+u)a=(p+ Apk(d+ A4) Lo

Divide by pcA

1+% =(I+%Il+£)=l+§£+E+2"d~—orderrerm
yo/ A P 4

St ol 10

* From compressibility: 42 _ AP 0.5

=

i
* From elasticity- A4 D AP | 05 ET 1.0

I

1
=y
K

Calculate the:
a) area and maximum elevation of that surge tank? (5)
b) wave celerity, transient pressure and final pressure of the surge wave if the )
valve is closed in 20 s,

$Mtructor: gfr?f JTC rﬁz’.ﬂfﬂ
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¢) time required for the pressure wave to travel from the valve to the reservoir 3)

Assume the initial pressure of 140 KN/m?

o — . — T —"

- "

Reservoir

2, Q
—:
Pp

L

¥
=
Fig. 1 Question3

Solution

Solution
2} Ares amd maximum elevation of the surgs tank (€3]

Aren of the pipe: -
_‘_:_ni_____x(os)‘ -0283m7 / L 1_;_}

3
g_uo30 i
7 =L mtosim/s LI

4 o2
Amndhﬂghtnhhonmn:k. ,-—-——1
amwr’ «z{DTSY =128 ./ L

-vJ— loﬁme QMW__j

b} Wave Celerity (c) and transisnt pressxre qQoy

Waye celerity assuming:
= s H
- 3 J:. — e 15347 2 |
e Riaee P*lz"'— L_z "y ooos*u-:o

axknrhovalva:huulsnpldurwdlal -« determined based on the travel tue:

“Travel time:
2z 3‘350‘” 4ssm>m-»mmm&ma,ndq/(

A --——

Tnlshnipr—nn.
Etastic pips: M-—-—L’) “1 “““} ussuﬁ Bl

AP = pe ¥ = 1000{153 A7H1061) =162852 NIt =162 skt S}
Change I prassure: AP = AN* oy = 18.93(9810)=185692 Nimd =185.7 vmt

AP 162852 u&'
2= 22120 60 m [zj

i
g, mo(ssmxn nn) .
Nafzea 12378 / E:I

aP= p[—ﬂ’_—-ﬂ,l 1500[‘2”‘ 23" uzsnhz:msx.v w2

©) Time required lor the sorge Wave: @
2L 235003 B
L 7 A ’6/{:{._]
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L 4500 m
K 1.3E+09

E 2.1F+11

T 0.005 mm
Q 03 m¥Ys

(a) Area and maximum elevation of surge tank
Area of pipe(A) : 0.238 m’

V=

Area surge tank) (a)

Elevation of surge tank

H=y AL
= ag 13.523 m

© t 432 s

QUESTION 4 [20 Marks]

A pipe network is given bellow (F
with Hazen Williams Coefficient
a) Determine the value of Q and state the basic h

b) Determine the correct flows in each

after the first iteration [Hint: Assum

¢) Determine the pressure heads at each no
d) Set the matrix for the network
Ignore all minor losses, Show all your assumptions.

X

Po

Tm Vs

>
020 l

Fig. 2. Two loop pipe network (Question 4)

501/

L1 m(Surgae tank)

G
Ce
At

AP

N
AP

ig. 2). All pipes are 1 km lon

pipes (using Hardy-

1E+05 pa

(b) Wave celerity and transient pressure
Assume Elastic pipe:

0.91 0.9
1041 1044 m/s 3
8.64 862 s <t |2

(Instantaneous closure)

134.1 1343 m 2
973212 975264 p; 2

LUo

N= L

1.50182 P.t
306343 pa 1

g and 600 mm in diameter, with

ydraulic criteria for the analysis 4
cross method)

(a) Continuity Eqn: 0.6Q = 40+30+40+50+0.2Q —Q =160/0.4 = 400 L/s @

Qb =0.2%400 = 80 L/s; 0.6Q =240 L/s

Basic hydraulic criteria:

c%wtmctor: eﬂjr(?f JT o eﬁz':nk-a

for pipe AB = 130 L/s] (10)
de if the pressure head at reservoir X is 70 m. “)
4
el
m
T
B [ 26
C [ 30 |
D | 3
| E [ 3
30
7/5
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_  Continuity principle applies at each node

—  Energy Conservation principle applies within the loops

(b) Flow rates at each pipe: Hardy Cross Method
Initial Trial: Qap=110 L/S = 0.110 m3/s

[pipe | @ [ 0 ] c | Ru L b
Tl o012 o600 120 182 0.36 301 0122
0.02 0600 120 182 0.01 0.66 0.022
004 0600 120 182 0.05 118 -0.038
T o012 0600 120 182 036 3.01 -0.118
Sum -0.034 7.8
AQ =gh/2* T{h/Q] 0.002 m/s  Notok

0.27 0.75
0.01 0.68
-0.03 0.55
-0.25 0.70
0.002 2.7

m

[ pipe [ 0 | 0 ] C h, hi | hi/Q,

006 0600 120 182 0.10 167 0062 007 0.70

P o003 o600 120 182 0.03 093 0032 002 068

001 0600 120 182 0.00 036 -0.008 0.00 031

0018 0600 120 182 -0.01 0.60 -0.016 0.00 0.42
Sum 0.114 3.6 0.084 21
AQ =Zh/2* T(h/Q, 0016 m/s Notok | 1

Trial 2

(c) Pressure Heads

To find the pressure heads at B, C, and D, apply the energy equation:

P (Pa)
Hx 70 m Pipe Z (m
HA 42 m 137092.8 A 28
HB 437 m 173618.2 B 26
HC 39.7 m  95181.56 C 30
HD 381 m  59909.55 D 32
HE 447 m  192419.5 E 25
HF 39.6 m  94300.25 F 30
H=P/y +z

Pipe
AB
BC
CcD
BE
DA
EF
FC

O,

by
0.27
0.01
-0.03
0.07
-0.118
0.02
-0.008

Note: P/y=H & V2/2g = the same in all pipes since their diameters are equal.

(d) Set the matrix for the network

j;t.stmctcr: f rof :7[200 ﬁz’nEa
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|| ArtAgtA, -Ay 0 Ay 0 0 | Ha } QatAgHo |
-Aj Ar+Az+As -A; 0 -As 0 Hs = } Qs
0 -Az AtAztA; A3 A7 Hc -Qc
-Ay 0 -As AstAy 0 0 Hp -Qo
0 -As 0 0 AstAs A He Qe
0 0 -A7 0 A AgtA; He -Qr
ArtAsh, A 0 A 0 0 Ha 240+70A,
-Aq Ar+Ar+A; -Az 0 A 0 Hg = | -40
0 -Az Ax+AstA; A3 0 -A He -50
-A4 0 -As AstAy 0 0 Hp -80
0 -As 0 0 AstAs  -Ag He -30
0 0 -Ay 0 A AgtA; He -80

QUESTIONS  [25 Marks]

JQ ) | 3 |6 |9 1ﬂ
)HL (m) 10 |20 | 40 [ 65

g:;wtructor: gf rof ﬂT@ ﬂz’:m{a
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Elev. 38 m —-«»—@-»——-i»—~»

P st

Figure 3. Pump connecting 2 reservoirs (Question 3)

The pump is connected to suction and delivery pipes as shown in the figure. Assume motor
power as 700 KW, motor efficiency = 82%, friction factor = 0.018 and secondary loss factor =

6.8.

Answer the following questions:

a) Calculate the static and total dynamic heads 3)
b) Check whether the pump is suitable or not 5)
¢) Calculate the water power and applied power (3).
d) Calculate Q & H at duty point if the pumps are coupled in parallel (5)
e) Calculate the safety margin and safety factor required to avoid cavitation. 2)
f) Ifitis required to adjust the flow by regulating the pump speed, estimate
the speed to reduce the flow to one-half. )
"-E" |—:2m 3 /hrl 2 0 6 ?
o H, (m) | 65 |40 20 0 |
[LI— 77 52 32 22
Figure 4. Pump characteristics curve (QS)
10/5
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Solution
h, 6 m Suctior Disch f 0.018 Peauge 12000 Pa
ha 18 m D 0.05 0055 P, 700 KW P, 1F+05
K 68 m 500 600 N 2500 rpm
T 25°% p 997.1 Mm  0.82
(@ Hax 12 m (Case W 1|b) P 113300 Pa P, 11131w |1
512 o6 m’/hr 00027 m/s  p, 32 pa Pa 574 Kw
H 56 m Suction Discharge Mo 0.002 ()
Vo 1358 1.122 Mo  0.0016 (-)
Suction Discharge Pa 11583 m 1
L] P 1692 1261 m PV 02351 m i Ns  399.286 (-)
1| b 0639 0437 Ve 009 006 Centrifugal pump
H, 42.67 m NPSA, -1222m |5 | ¢ FS 1393 (1)
1 | NPSA, 4.8 m(cavitation)| 1 |m 39.294 2
c  0.11248 %
11/5
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b;= 63
57 =b1(0.22)’+b2(0.22)+48 -10=bl (0.3%-0.22%)+b2(0.30-0.22)
40 = b1 (0.30)°+b2 (0.30)+48 4.86E-06 0.00083
bl = -3497143 -171.43 b2 b1 =-74.4-1.786b2 b2
b,= 1100 bl = -240.4-1.923b2
1 36= (-240-1.923b2)*(0.22°)+0.08b2+67
o b,= -5400000 -6 -21.857 -0.0011 b2 0.003 b2
15.8571  0.001 b2
H, =-5400000 Q° + 11100 Q+63 1 dump curve
bl  -5400000 -16200000
Ho= -18.4 (Q/3)°-31.4'Q/3)+58 ﬁmps in parallel b2 11100 33300
=2.31Q7°17.78Q+58 Q-. 025 b3 63 189
Ho= -1003986 m
1
Hs = a' Q2+a2 37 = Hopar = 12
56 = a, (0.0025)% + 12 1 a, 7040000

H = 2
46= 20.8(Q%)+(-53.33) Q (1.1%0.88)+58(1.1*0.8)

- 2 B
46= 20.8 Q°-51.63Q+56.14 4bc #VALUE! s b2 45,6, - H)
2.b,

b2 0 Q, =
Q= #VALUE! m*/s #VALUE!
1
2
2

Table 6.2 Examples of secondary loss coefficients for different valves

o Secondary loss
: mmm Table. Density, viscosity and vapour pressure as function of temp.

Globe valve, fully open 10 ’

Angle valve, fully open 2 T(°C) plkg/m3) | m(kg/ms)  V.P(Kpa)

Gate valve, fully gpen 045 ~ 5| 10000 1523 09

Gate valve, 1/4 closed 026 10 | 9997 | 1307E-3 1.2

Gate valve, 1/2 closed 21 15 . 9991 | 113863 | 17

Gate valve, 3/4 dosed 17 .20 9982 . 1002E-3 23

Ball valve, fully open 005 25 9971 | O089IE3 32

Bali vabve, /3 dlosed 55 . 30 9957 07983 . 43

Ball valve, 2/3 closed 20 . 35 | 9940 ~ 0.719E-3 5.6
Sudden enlargement {Dy/0, = 2) 06 | g
Sudden contraction (Do/D, = 2} 037

12/5
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FORMUAL SHEET
P, =y0H, G _ (E;_ﬂz_) H_ & &)2 P _ (.-’-31 &)3
Q: \D; N, H, 2 N, P, \D;'N,
g =2P NPSHR, _ (_Aé)z e {1~ a +i)“’*} Lk
U NPSHR, ~ \N, | i ~ e
251 1 /370
— =2l (-i_+*) — = 2log[—— .
N R JF ( € ) Ny =51.64v-2
s H0.75
Vg + v, b O +b,0+b, =H
Ht=hd+hfd +thd +T— hs_hfx _th,—zg-'_zg -0 2 Q+b, =
H =n(p.0* +b,0+b,)
B 44 ' i
(NPSH)Azihs—hfs_ths +@—ﬂ Dh:?
yair yvapor Q:AV al-Q2 +a2'=H
Vj 2 Q= H—az
H, zhd +hf,, +thd +£i[hs —hf; _zhms] bl-(gJ +b2'(_Q')+b3 =H 4
n n
ittt Hyo=z)+ 242 4 |, 7 LK RS
r 2g y 2g " P P D
y, =184
< 2 RS
Q=AV V=—R"g\? h= LV
n F ' Dag
1
2 h 2 h =~l_ C =
hs: V— Q: _fﬂ. gDS AQ= Zf A KQo p[_l_ q‘D]
2g L 8f th K TE
0,
1 e/D 251 0.25
ﬁ - 210g( 3.7 +Re fJ = /D 5.4 2 Ql = O'SQo + O'SA(Hbegin Hend)
{522
[ 3.7 Re%
2
H=V£ N:pLu" AP:PO E-l— £+N
ag Pt, 2 V4
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