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1. (a) Water flows through a pipe of 0.15 m diameter fitted with an orifice meter of 
0.10 m diameter. A vertical manometer is fitted across the orifice meter. The 
manometer fluid is mercury of specific gravity 13.6. Water fills the arms of the 
manometer. The reading of the manometer is 0.254 cm. If the coefficient of the 
orifice can be taken as 0.60, what is the vohmetric flow rate of water at 15.56 "C ? 
The density of water at 15.56 "C is 999.0 kg/m3. 

(W A manometer is fitted on to a pipeline as shown below. An oil of specific 
gravity 0.9 flows in the pipe. The manometer fluid is mercury (S.G. = 13.6), and the 
manometer reading is 4.0 in. what is the value o f p ~  - p2 ? 

(70 marks) 

(30 marks) 

Flow 

_- 

2. A horizontal steel pipe has a dameter of 0.0526 m and a length of 30.48 m. The pipe 
roughness is k = 0.000045 m. A fluid of density 1200 kg/m3 and viscosity 0.01 
N.s/m2 flows in the pipe at a rate of 9.085 m3/h. Calculate 
(i) pressure drop, in N/m2; 
(ii) power required for the flow. 

(1 00 marks) 
3. (a) A tank is filled with a fluid of viscosity 0.08 N.s/m2 and density 975 kg/m3. The 

tank is without baffle. A 6 flat-blade turbine of diameter U. 15 M rotating at 18 rps is 
fitted in the tank 0.15 m from the bottom. What power is required for the operation ? 

(b> Two open water reservoirs as shown are connected through a smooth pipe of 
10 in diameter and 4000 ft  long- The water level in the upper tank is 120 ft above that 
of the lower tank. The volumetric flow rate is 4.5 €t3/s at 70 "F. Calculate 
(i) 
(ii) 

(50 marks) 

the fnction loss for the system; 
What is the value of the pressure p3 ? 

(50 marks) 
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ay = o  
p1 - 0  

120 f l  

4. A liquid of density 63.5 lb/ft3 and viscosity 1.35 cf is pumped through a steel pipe 
of 2 in diameter to the top of a storage tank open to the atmosphere. The volumetric 
flow rate of the liquid is 120 @min. The idscharge of the pipe is 60 ft above the 
pump and the equivalent length of the steel pipe from the pump to the tank is 175 ft. 
If the pressure at the suction of the pump is 20 lb&, and the pump efficiency is 
65%, calculate 
(i) 
(ii) 
(iii) 

the brake horsepower of the pump; 
pressure at the discharge of the pump; 
Lfthe electrical energy cost is 7 cent for every kwh (kilowatt-hour), what is 
the energy cost for pumping the liquid per day ? 

(100 marks) 
5.  Consider the heat transfer by natural convection between a hot (or cold) vertical 
plate with a height of L at uniform temperature T, and a surrounding fluid that is cooler 
of (hotter) with a uniform temperature T,. The local heat transfer coefficient h, at a 
height x is proportional to the local temperature difference between the plate and the 
fluid: It is found that the following physical factors 
are involved in the process: 

With the use of Suchgham Theorem, obtain the relation among the above variables. 

h, = (dq/dA)/(Tw - T,) 

f(hX9 x, k cp P:. P> B:. AT,g) = 0 

The dimensional matrix is as follows: 

a 1  0 1 0 1 1 0 0 0 
L o  1 1 2 -3 -1 0 0 1 
T -3 0 -3 -2 0 -I 0 0 -2 
T -1 0 -1 -1 0 0 -1 I 0 

(100 marks) 

. . . 4 / -  



IEK 103/3 

- 4 -  

6 .  (a) A horizontal venturi meter of throat diameter 2.50 cm is fitted to a pipeline of 
diameter 7.82 cm. Water at 26.67 "C flows through the pipeline. Mercury (S.G. = 
13.6) manometer is used. If the manometer readlng is 39.0 cm, what is the mass 
flow rate, in kg/s ? If 10% of the differential pressure is lost, what is the power 
consumption of the meter ? 

(b) Oil (p = 900 k@m3 and v = 2 x 10 111 /s) flows in a smooth 5 x 5 cm square 
duct at an average velocity of 4.0 d s .  What is the pressure drop in 25 rn long of the 
duct ? 

(60 marks) 
- 4 2  

(40 marks) 
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CONVERSION 
FACTORS AND 

CONSTANTS 
OF NATURE 

Multiply bfi To convert from To 

rrii~ 
gal (US) 

gnvit::don:d constani 
gravity nccclcr:!tion. standard 
h 

hp 

hp/lw gal 
in. 
in? 
J 

k6 
kWh 
L 
Ib 
I bflt’ 

h,/in.: 
Ib mo!/:t’-h 

light. S F C C ~  o! 

m 

m’ 

N 

Nlm’ 
Planck io:ist:icl 
proof (C.S) 
ton (Ions) 

ion (short) 
ton (rnc:ric) 

yd 

433sad. 
4046.85 
1.01325. x 10’ 
14.696 
6.022169 x 10:’ 
5.6146 
42. 
0.15899 
I. x 10’ 
14.504 
1.380622 x 10-I’ 
251.996 

1055.06 
29301 x 10- 
0.55556 
1. 
3.1546 
5.6783 . 
4.882 
1.73073 
1.488 

3.9683 x 10’’ 
3.0873 
4.1565. 
4.184- 

0.0328084 
3.531417 x 10-’ 
264172 x 10-4 
I*  x 10-’ 
24191 
6.7197 x 10-‘ 
1. x 10-6 
9.648670 x IO‘ 
0.3048r 
1.2851 x 10-’ 

135582 
4.6262 
1.81818 x 10-1 
2581 x 10-’ 
0358 I 
28316839 x 10‘ 
7.448052 - 
28.31684 
271948 
685.29 
2.8692 x 10’ 
448.83 
0.13368 
231. 
6.673 x 10-” 
9.80665r 
608 
3600. 
2544.43 
0.74624 
0.197 
254r 
16.387 I 
I* x 10’ 
0.73756 
220462 
34121 
I *  x 10-1 
0.45359237* 
16.018 
0.016018 
6.89473 x 10’ 
13562 x 10-a 
1.3562 x 10-‘ 
2997925 x 10’ 
3.280840 

. 393701 
35.3147 
264.17 
1. x 10’ 
0.22481 
1.4498 x I@-. 
6.626196 x IO-I4 

n 8 . n  

’ 0.39370 

a32383 . 

pcrccnt alcohol by volume 0.5 
kg 1016 .. 
Ib 2240r 

Ib kg 3 7  ;E 
Ib 2204.6 
rt “3. ’.’ 
m 0.9144. 

IEK 103/3 

6/- 



IEK 103/3 - 6 -  . .  

k 

38 



- 7 -  PROPERTIES 
QF LIQUID 
WATER 
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Thermal 
Temperature T, Viscosityt p', conductivity$ k, . Density8 p, 
"F CP B tu/ft-h-"F lb/fP 

32 
40 
50 
60 
70 
80 
90 
I00 
1 20 
140 
160 
180 
200 
220 
240 
260 
280 
300 

1.794 
1.546 
1.310 
1.129 
0.982 
0.862 
0.764 
0.682 
0.559 
0.470 
0.40 1 
0.347 
0.305 
0.270 
0.242 
0.218 
0.199 
0.185 

0.320 
0.326 
0.333 
0.340 
0.346 
0.352 
0.358 
0.362 
0.371 
0.378 
0.384 
0.388 
0.392 
0.394 
0.396 
0.396 
0.396 
0.396 

62.42 
62.43 
62.42 
62.37 
62.30 
62.22 
62.11 
62.00 
61.71 
61.38 
61.00 
60.58 
60.13 
59.63 
59.10 
58.53 
57.94 
57.3 1 

1,410 
1,590 
1,810 
&050 
2,290 
2,530 
2,780 
3,020 
3,530 
4,030 
4,530 
5,020 
5,500 
5,960 
6,420 
6,830 
7,210 
7,510 

7 From Infernafional Crificd Tables, vol. 5, McGraw-HilI Book Company, New York, 1929. P. 10- 
t From E. Schmidt and W. SelIschopp, Forsch. Geb. hgenkurw., 3:277 (1932). 
5Calculated from J. H. Keenan and F. G. Keyes, Therm&ynamic Properlies of Steam, John Wiley 
Sons, Inc. New York. 1937. 
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R a j a  .h 

S3 = LID, 

= W/D, 

s5 = J/D, 

sg = w/n, 

: ni,= (a  - l o g  N&)/b 

Rujali Fungsi ltuclsn (/' l w r i  Nne bagi prope le r  3 b i l n h  


	
	
	
	
	
	
	
	

