


Question 1

The diagram shows a flow in a smooth pipe
controlled by air pressure, P1 in a tank. Calculate
the pressure P1 required for the water to flow at a
rate of 60 m3-per-hour. Take the bending
coefficient as 0.4, the density of water as 998 kg/m3
and the viscosity of water as 1.003 X 10-3 kg/m.s.
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Identify the major loss and minor loss
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Bernoulli equation:

P, V? P, V# , .
—+—+7Z, =— +—+ Z, + Major losses + Minor losses
pg 29 pg 29

Minor losses:

& &

Minor loss = K—=(05+4+04+ 04+ 1.0) —
29 29
V=849 m/s

Minor loss = 845 m



Major loss:

_pVD _ (998)(8.49)(0.05)

R = 4.2 X 10°
T 1.003 x 10-3
From Moody chart
f =0.0135
Major loss = LV _ (0.0135) 170 X (849)7 _ 168.628
ajor OSS—fDZg— : 0.05 27 : m
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Bernoulli equation,

P, V£ P, Vi

—+—+Z;=—+ = 4 Z, + Major losses + Minor losses
pg 29 pg 29

P, 0?2 0 (8.49)%

—+—4+10 = -+ + 80 + 168.628 + 8.45

pg 29 pg 29

P, = 2.4598 MPa



Water is pumped at the rate of 60 liters per second from a reservoir to free
discharge. All pipes are made of commercial steel. Determine the power required
by the pump if the efficiency of the pump is 85%. Included all the losses in the pipe
system. Viscosity of water is 0.001 Pa.s.

Pipe Diameter Length

Free discharge
AB 40 cm S5m E Elevation = 27
CD 35cm I5m
DE 35cm 10 m
EF 25 cm [Om
DG 35 cm 2m
X Valve
\Vi ' Closed end
Elevation = 6 m D G
ey Loss coefficient, K
Pipe bends 0.85
K=0.5 A T-junction 0.70
- Abrupt contractions  0.50

Abrupt expansions 0.45
Valve 29




POINT 2

Analyse the pipe system.

POINT 1

4 Elevation = 6 m




Bernoulli equation:

Py V P, V3 . .
—+—+ 7, + Hp = —+ —+ Z, + Major losses + Minor losses
pg 29 pg 29
0 0 0 Vf LV? V2
—+—+6+Hy=—+——+27+f——+K—

pg 29 pg 29 D2g 29



Minor losses:

VZ
Minor loss = K —
29
AB CDE EF
Velocity (m/s) 0.48 0.62 1.22
2 2 5 ,
Minor loss = (0.5) ( ';gS) + (0.85 + 0.85 + 0.7 + 2.55) (0'262) +(0.5) 022y 4 (1.0) (155)

Minor loss = 0.225 m




Major losses:

Maior loss — LV?
ajor loss = fD 24
AB CDE EF
Velocity (m/s) 0.48 0.62 1.22
Re 1.92%10> 2.18x10> 3.05%105
% 0.0001 0.0001 0.0002
f 0.0167 0.0164 0.0155
_ _ (5) (0.48)% (25) (0.62)2 (10) (1.22)?
Major loss = (0.0167) 0D 2 + (0.0164) 035 29 + (0.0155) 025 2g

Major loss = 0.07 m



Bernoulli equation:

S v el = +VZZ+27+fLVZ+KV2
pg 29 " pg 2g D2g 29
0 0 0 (1.22)2

— 4+ —+64+Hp=—+ + 27+ 0.07 + 0.225
pg 29 PY 29

Hp = 21.375 m

Effics Power out Generated power
iciency = = :
y Power in Power required

pgQ - Hp

0.85 =
Power required

Power required = 14.75 kW



A series pipe system is shown below. The flowrate of water in the system is 3 m3/s.
The system contains a sharp-edge entrance and exit, four regular 45-degree
threaded. Determine the head of turbine in the system. Density of water is 1000
kg/m3, dynamic viscosity of water is 1.519%X10-3 Ns/m? and kinematic viscosity of

- -6 2/c
wateris 1.519%x10 m /S. 0.75 myin diamerer

50 m in length
galvanized iron pipe

et

0.75 m in diameter
20 m in length
galvanized iron pipe

Exit
K,=1.0

04 \Regular 45 degree threaded-

Turbine K,=0.4

Elevation, 0

0.75 m in diameter

80 m in length
e=03



Answer 3

Friction factor for galvanized iron pipe = 0.014
Friction factor for cast iron pipe = 0.016

Total major loss =9.30 m

Total minor loss =7.31 m

Head of turbine = 131.03 m



Question 4

A pump is used to transfer water from tank A to tank B as shown in Figure Q3. The required
flow rate is 0.15 m*/s. The kinematic viscosity of the water is 1.2 x 10" m¥s. Determine

(2)
(b)
(©)
@)

Major head losses,

Minor head losses,

Head of the pump, and

Input power to drive the pump.

All pipes are made of commercial steel.
Refer Appendix 1, Appendix 2, and Appendix 3.

Eley.=80m

Tank A

Long radius 90°,
flanged

K=05
Suction valve, Discharge valve;
Gate fullyopen  globe fully open
(k=0.15) l (k=10)
Pump
Suction pipe;
Diameter = 40 cm

Length= 10 m

K=10 Elev. =120 m

[

E

+— Discharge pipe;
Diameter =30 cm
Length =80 m

Long radius 90°,
flanged
(k=0.2)



Question 5

(a)

(b)

Define major losses of a pipe system.

Methyl alcohol (specific gravity = 0.8 and dynamic viscosity 5.6 x 10" Pa.s) is flowing at
the rate of 0.015 m*s. The suction line is standard 10 cm diameter steel pipe, 12 m long.
The total length of 5 em diameter pipe in the discharge line is 200 m. With all the data
given, determine the power supplied to the pump shown in Figure Q3 if its efficiency is

76 percent. Nore: Moody chart is provided.
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90° smooth
bend ﬂ
Om 2 b ‘j
Dinchuge bine
t
Suction line | P
Bl |
; 90° smooth

Fully open bend
globe valve



Question 6

(a) Define major and minor losses of a pipe system.

(b) Figure Q3 shows the water with density, p = 995 kg/m’, and viscosity, x =7 x 10” Pas is
pumped at the rate of 0.001 m¥s from tank A to tank B. The suction and delivery pipe

conditions are:

Delivery Suction
Diameter (m) 0.025 0.02
Length (m) 5 30
Material Commercial Steel PVC
Total minor losses coefficient, K 5 8

Determine the power must be supplied to the pump if the efficiency of the pump is 85 percent.

Assume that the PVC pipe is a smooth pipe.

____2__{ EL=15m

|
Tank B

Suction pipe Delivery pipe

= ]

ElL.=1m

Tank A Figure Q3






