
National Exams May 2015
04-CHEM-A2, Mechanical and Thermal Operations

3 hours duration

NOTES

1. If doubt exists as to the interpretation of any question, the candidate is urged to submit
with the answer paper, a clear statement of any assumptions made.

2. The examination is an OPEN BOOK EXAM.
3. Candidates may use any non-communicating scientific calculator.
4. All problems are worth 25 points. Two problems from each of sections A and B must

be attempted.

5. Only the first two questions as they appear in the answer book from each section will be
marked.

6. State all assumptions clearly.
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Section A: Mechanical Operations

Al. Apple juice (density = 997.1 kg/m3, viscosity = 2.1 x 10-3 Pa.$) is pumped at 27 °C from an

open tank through a 1-inch nominal diameter smooth sanitary pipe (inside diameter = 2.291

cm) to a second tank at a higher level. The mass flow rate is 1 kg/s through 30 m of straight

pipe with two 90° standard elbows and one angle valve (fully open). The supply tank

maintains a liquid level of 3 m, and the apple juice leaves the system at elevation of 12 m

above the floor. Compute the power requirements of the pump assuming an efficiency of

60%.

A2. A packed bed (void fraction = 0.48) containing uniform spherical particles (diameter = 3 mm,
density = 4200 kg/m3) is fluidized by means of a liquid (viscosity = 1 x 10-3 N.s/m2, density =
1100 kg/m3). Calculate the ratio of the settling velocity of particles to the minimum
fluidization velocity for a bed of height "Z". State clearly any assumptions made.

A3. Consider the following two systems: the first is a 1-inch diameter pipe with wall temperature
at 21.11 °C and the other is a 0.5-inch diameter pipe with a wall temperature of 4.44 °C.
Which system will give the least pressure drop for water flowing at 0.454 kg/s and cooled
from 65.56 °C to 26.67 °C?

DATA: Density of water = 988.6 kg/m3
Specific heat capacity of water = 4.1868 kJ/kg °C
Viscosity of water = 5.829 x 10"4 kg/m.s
Thermal conductivity of water = 0.6542 W/m °C
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Fanning friction factor (~ vs. Reynolds number (Re) for pipes
Transactions of the American Society of Mechanical Engineers, vol. 66, p.672 (1944)
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Section B: Thermal Operations

B1. A vertical plate (15 cm x 15 cm) at 40 °C is exposed to ambient still air at 20 °C. Compare the
free convection heat transfer rate from the plate to the forced convection heat transfer rate that
would result at a velocity equal to twice the maximum velocity under free convection
conditions. The thermo-physical properties of dry air at atmospheric pressure are given
below:

T p µ h, Gr̀ P~f~ 9~~~va~ a
[K) g (10-arr•8l r10_s w r s 10s e l 1~c ~ 10-tsm

~n g~ f +n~ I ( +y►'K~ Lkg•K~ ~ m~ J ~ ms•K s2

200 1.7690 13.36 18.10 1006.4 132.4 633.6 10.17
Z10 1.6842 13.92 18.95 1006.1 121.0 SO:i.2 ll.ls
220 1.6071 14.47 19. SO 1005.7 1 11.1 404.2 12.25
230 1.5368 15.01 20.63 1005.6 102.4 ;27.0 13.35
240 1.4728 15.54 21.45 1005.5 94.8 267.3 14.49
250 1.4133 16.06 22.26 1005.4 88.0 220.4 15.67
260 1.3587 16.57 23.05 1005.5 82.0 183.3 16.87
270 1.3082 17.07 23.84 1005.5 76.6 153.6 18.1?
280 1.2614 17.57 24.61 1005.7 71.8 129.6 19.40
290 1.2177 18.05 25.38 I006.0 67.5 110.1 ?0.72
300 1.1769 18.53 26.14 1006.3 6'3.5 94.1 22.07
310 1.1389 19.4Q ?6.87 1006.8 59.9 80.9 23.43
320 1.1032 19.6 27.59 1007.3 56.7 70.0 2.83
330 1.0697 19.92 28.30 1007.9 53.7 60.8 ?6.25
340 1.0382 2037 29.00 1008.5 S1.Q 53.1 ?7.70
35Q 1.0086 20.81 ?9.70 lOd9.2 43.5 46.5 29.15
360 Q.9805 2125 30.39 1010.0 X6.1 ~ 1.0 30.69
370 0.9539 21.68 31.07 1010.9 44.Q 36.2 32.22
380 0.9288 22.11 31.73 1012.0 42.0 3?.1 33.76
390 0.9050 22.52 32.39 1013.0 40.2 28.6 35.33
400 0.822 22.94 33.05 1014.2 38._5 25.5 36.94

B2. Adouble-effect forward-feed evaporator is required to give a product, which contains 50% by
mass of solids. Each effect has 10 m2 of heating surface, and the heat transfer coefficient in
the first effect is 2.8 kW/m2 K and 1.7 kW/m2 K in the second effect. Dry and saturated steam
is available at a pressure of 375 kPa and the condenser operates at a pressure of 13.5 kPa. The
concentrated solution exhibits aboiling-point rise of 3 K. What is the maximum permissible
feed rate if feed contains 10% solids and is at 310 K? The latent heat is 2330 kJ/kg and the
specific heat capacity is 4.1868 kJ/kg under all the above conditions.
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B3. A steam condenser employed in a power plant handles 35,000 kg of dry air per hour and
saturated steam at 50 °C. The cooling water enters the condenser at 15 °C and.leaves at 25 °C.
The tubes (made of carbon steel with a thermal conductivity of 45 W/m K) have an inside
diameter of 22.5 mm and an outside diameter of 25 mm. The water flows through the tubes at
an average velocity of 2 m/s. The heat transfer coefficient on the steam side is 5000 W/m2 K.
Assume that the condensate coming out of the condenser is saturated water. Using the heat
exchanger correction factor plot below, calculate

(a) Mass flow rate of water [4 points]
(b) Heat transfer surface area [4 points]
(c) Number of tubes required for the flow of water [14 points]
(d) Number of tube passes in the condenser if the length of each tube per pass should not

exceed 2.5 m [3 points]

~1

r~ Q.~
0

,~ ~. g

0
v 0.7
0
U Q,(~

DATA: Density of water = 998.8 kg/m3
Specific heat capacity of water = 4180 J/kg K
Kinematic viscosity of water = 1.0006 x 10"6 m2/s
Thermal conductivity of water = 0.59859 W/m K
Latent heat of steam = 2374 kJ/kg

4.0~.3.a12.0.1.SL 1.Q 0.~_Q.610.4__1_.0.2

a.s ~
d

T~

t2
t~

T2
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