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Cross lxl mark the most appropriate answer. Candidates are not allowed to use data book
and/or formula sheets during objective examination.

1 The thermal conductivities of gases such as air vary by a factor of .........
those of pure metals.

[ ]10' I lloo [ ]106 [ ]108

from

A material with a high thermal conductivity and/or a

always have a large thermal diffusivity.
[ ]high [ ]low [ ]steady

.heat capacity will

[ ] constant

The value of thermal contact resistance does not directly depend on .....
[ ] surface roughness [ ] pressure at interface

[ ] type of trapped fluid [ ] system temperature

4. During heat conduction in hollow cylinder analysis, the temperature is independent of

J

7

8

[ ] conductivity
[ ] axial distance

[ ] cross section

[ ] radial thickness

5

a.6

In practice, the efficiency of most fins are around

| )4s% | 160% | l7s% | lej%

Specially designed finned surfaces which are commonly used in the cooling of
electronic equipment and involving one-of-a-kind complex geometries are called

[ ]pinfins [ ]glazedfins [ ]heatsinks [ ]pseudofins

Gas flows can often be approximated as incompressible if density changes are
under..........
I lt% | ls% | lt}% | )rs%

The part of drag that is due directly to wall shear stress is known as .. .... .....drag.
[ ]shear [ ]pressure [ ]dynamic [ ]friction

... number provides the criterion in determining laminar and turbulent fluid in
natural convection.

[ ]Grasshof [ ]Biot [ ]Stanton [ ]Reynold

9

2.



10

11

12

13

14.

15

16

17

18

19

In general, surface tension of liquid-vapor interface for water .. with increase in
temperature.

[ ]decreases [ ]increases [ ]remainsconstant[ ]isunrelated

A flow characterized by no free surface for vapor to escape and thus leading to both
liquid vapor forced to flow together is known as .... ....flow boiling.
[ ]bubble [ ]mist [ ]internal [ ]external

The error in using the arithmetic mean temperature difference is less than 1 percent,
when AT1 differs from AT2 by no more than percent.

[ ]60 [ ]50 [ ]40 t 130

For a rotating shaft at 10 rps and 10 N force, radius is given as 0.1 m, the shaft work
equals

t llJ [ )6.28J [ )4eJ | )62.sJ

A designer chooses the values of fluid flow rates and specific heats in such a manner
that the heat capacities of the two fluids are equal. A hot fluid enters the counter flow
heat exchanger at 100'C and leaves at 60oC. A cold fluid enters the heat exchanger at
40"C. The mean temperature difference between the two fluids is
[ ]20'c [ ]40"c [ ]60.c L 166.1"C

The value of the wavelength corresponding to maximum emissive power is given
by...... law.

[ ]Kirchoffs [ ]Stefan's [ ]Wein's [ ]Planck's

The quantity that tiescribes the magnitude of radiation emitted in a specified direction
in space is ... .. ..
[ ]radiationlntensity [ ]radiosity
[ ]solidAngle [ ]emissivity

In a typical laboratory base shell and tube heat exchanger the flow parameters are
measured by ...
[ ]pressureGauge [ ]venturimeter [ ]rotameter [ ]orificemeter

The average Nusselt number in a laminar natural convection from a vertical wall at
180oC when surrounding air temperature is 20oC is found to be 48. If the wall
temperature falls to 3OoC then the average Nusselt number will be ... ....
t l4 t l8 I lr2 I )24

The ratio of mechanical energy increase of working fluid to that of mechanical energy
input in a system is called .. efficiency.
[ ]mechanical [ ]turbine I lpump [ ]rotor

A composite slab has two layers of different materials with thermal conductivities k1

and kz. If each layer has the same thickness, then the equivalent thermal conductivity
of the slab will be ....
[ ]kr.kz [ ]kr+k2
I 12 h.h I (kl + k2) [ ] kr + k2 / G1.k2)
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SECTION "8"

Attempt ALL qtestions. Use of Data book and steam table is ullowed.

1

Assume the condenser of alarge power plant to be shell and tube type heat exchanger
consisting of a single shell and 30000 tubes, each executing two passes. The tubes are

of thin wall constructed with 25 mm in diameter, and steam condenses on their outer
surface with an associated convection coefficient of 11000 W/m2K. The heat transfer
rate that must be effected by exchanger is 2000 MW and this is accomplished by
cooling water through the tubes at the rate of 30000 kg/s. The water enters at 20oC,
while the steam condenses at 50oC. What is the temperature of cooling water coming
out the condenser? What is the required tube length per pass? t6]

b. Oil at a mean specific heat of 2.5 kllkg. K is to be cooled from 110oC to 30oC in a
single pass counter flow heat exchanger. The coolant is water which enters at 20oC
and leaves at 80oC and the overall heat transfer coefficient for this type of heat
exchanger is 1.5 kWm2K. If the water flow rate is 1500 kg/hr, determine the quality
of oil that can be cooled per hour and the heat exchanger area. What would be the
fluid exit temperatures when the water flow rate is decreased to 1000 kg/hr for the
same oil flow rate? t5]

Q. No.2
a. The monochromatic emissivity of a diffuse surface at 1600 K varies with wavelength

in the following manner: t : 0.4 for 0 <1" < 2; e : 0.8 for 2 < ), < S.Sketch this
variation and determine the total emissivity and the total emissive power. I3l

b. Establish a relation for the shape factor of cavity with respect to itself. 12+21

Figure 1: A conical cavity of diameter d
and depth h

Figure 2: A hemispherical bowl of
diameter d

c A flat plate solar collector with no cover has selective absorber surface with e:0.1
and o, : 0.95. At a particular time of a day, the absorber surface temperature T, is
l20oc, when the solar inadiation is 750 Wlm2, the effective sky temperature is -1OoC

and ambient air temperature T- is 30oC. Assume the natural convection is given by:
q: 0.22 (T, - T-) o't 

W l^'K.
Calculate the useful heat removal rate (W/m2) from the collector for these conditions.
What is the corresponding efficiency of the collector? 14]
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a. N;. i
a. The air at a temperature of T-, flows over a flat plate with a free stream velocity of

u-. The plate is maintained at a constant temperature of T.. The velocity u and

temperature T of air at any location are given Ay 
u,L = sin ff and ffi - , (*) -

(*)' where y is the distance measured from the plate along its normal, and 6 and 516

are the hydrodynamic and thermal boundary layer thickness, respectively. Find the
ratio of heat transfer coefficient to shear stress at the plate surface using following
data: t5lu-: 10 m/s Lr (ui9 : 2.5 x l}-s kg/ms 6/6,6 : prlr: Tr: 200oC
Kluir;:0.04 Wm.K Cp1ui4: 1000 J/kg.K T-:50oC.

b. The insulation boards for air conditioning purposes comprise three layers. A 12 cm
thick layer of grass (k: 0.022 Wm.K) is sandwiched between 3 cm thick layer of
plywood (k : 0.15 Wm.K) on each side. The bonding is achieved with glue which
does not offer any resistance to heat flow. If the side surfaces of the board are
maintained at 40oC and 20oC temperatures, determine the heat flux. How would the
heat flux be affected if instead of glue, the three pieces are fastened by four steel bolts
(k : 40 Wm.K) of 1.2 cm diameter at the corners? Draw the resistive circuit diagram
for the same. t6l

Q. No.4
a. Two ends of a fin of the cross-sectional area 2 cm2, perimeter 2 cm,100 cm long are

maintained at l27oC and 327oC, respectively. It loses heat from the surface due to
natural convection to surroundings at 27oC with heat transfer coefficient of 5 W/m2K.
Thermal conductivity of fin material is 45 Wm.K. Find the minimum temperature in
the fin and its location. Also calculate the heat conducted from each end. 16l

b. An aluminum heat sink (Figure 1) for electronics components has a base of length 50
mm and width 70 mm. The eight aluminum (k : 180 W/m. K) fins are attached in
such a way that their width is 70 mm. The fins are 12 mm [ong, and 3 mm thick. The
fins cooled by air at 25oC with a convective heat transfer coefficient of h : 10
W/m"K. Assuming that the same value of heat transfer coefficient acts on the tip of
the fins as along the rest of the external surface, determine: t5]
i. The heat flow through the heat sink for a base temperature of 50oC,
ii. The fin effectiveness, and efficiency,
iii. The length of the fin such that the heat flow is 95 oh of the heat flow for an

infinite long fin,
iv. The percentage increase in heat transfer with fins.
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a- The insulation boards for air conditioning purposes comprise three layers. A 12 cm thick
layer of grass (k : 0.022 Wm.K) is sandwiched between 3 cm thick layer of plywood (k: 0.15 W/m.K) on each side. The bonding is achieved with glue which does not offer any
resistance to heat flow. If the side surfaces of the board are maintained at 40oC and 20oC
temperatures, determine the heat flux. How would the heat flux be affected if instead of
glue, the three pieces are fastened by four steel bolts (k : 40 W/m.K) of 1.2 cm diameter
at the corners? Draw the resistive circuit diagram for the same. t6]

b. For the configuration shown and conditions specified, determine the temperature tz and t:.
Thermal conductivities conform to the following relation: kr : k+ :k212: k3/3 : k. t5l

400"c

1000'c I kz, N4

\, N4

{
I

kr

A

R4
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