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SECTION "A"
[20 Q.x 0.5= 10 marks]

Select the most appropriate answer

Fourier's law applies to the heat transfer by

a. Convection b. Conduction c. Radiation
I

d. All of the above

2.

aJ

Bulk of the convective heat transfer resistance from a hot tube surface to the fluid

flowing in it, is
a. In the central core of the fluid
b. Mainly confined to a thin film of fluid near the surface

c. Uniformly distributed throughout the fluid

d. None of the above

In case of heat flow by conduction for a cylindrical body with an internal heat source, the

nature of temperature distribution is

a. Linear b. Parabolic c. Exponential d. None of the above

The rate of emission of radiation by a body does not depend upon the

a. Shape and porosity of the body b. Surface temperature

c. Nature of the surface d. Wavelength of radiation

Maximum heat transfer is obtained in

a. Turbulent b. Laminar

flow
c. Transition d. Creeping

6. In case of boiling, the liquid temperature is below the saturation temperature

and the boiling takes place in the vicinity of the heated surface.

a. Nucleate b. Pool c. Local d. Saturated

Pick up the wrong case. Heat flowing from one side to the other directly depends on

a. Face area b. Thermal conductivity

c. Thickness d. Temperature difference

In free convection heat transfer, Nusselt number is a function of
a. Grasshoff number and Prandtl number

b. Prandtl number and Reynolds number

c. Grasshoff number and Reynolds number

d. Grasshoff number, Reynolds number and Prandtl number

4.

5

7

8.



9 Air is to be heated by condensing steam. Two heat exchangers are available (i) a shell
and tube heat exchanger and (ii) a finned tube heat exchanger. Tube side heat transfer
area are equal in both the cases. The recommended arrangement is
a. Finned tube heat exchanger with air inside and steam outside
b. Finned tube heat exchanger with steam inside and air outside
c. Shell and tube with air inside and steam outside
d. Shell and tube with steam inside and air outside

Fouling factor

a. Is a dimensionless quantity

b. Accounts for additional resistances to heat flow
c. Does not provide a safety factor for design

d. None of the above

Lubricating oil is being recycled continuously through a double-pipe counterflow heat

exchanger for cooling. The oil is to be cooled from 70 oC to 40 oC at the rate of 5000 kg/h
using water entering at 28 oC. The water temperature at the exit should not exceed 42oC.
The specific heat of oil is 2.05 kJ/kg oC and that of water is 4.11 kJ/kg "C. Calculate the
required rate of flow of water.

a. 4200kglh b.5267 kglh c. 5550 kgftr d.6250kgth

Based on the data given in the above question (question 1l), what is the log mean

temperature difference for the heat exchanger ?

a. 28oC b. 12.8oC c. 18.9oC d. 19.4"C

For the heat exchanger in problem 11, if the area of the heat exchanger is 3 m2, what is
the overall heat transfer coefficient ?

a. 1000 wm2 0c b. 1300 wm2 0c c. 1400 wm2 0c d. 1500 wm2 0c

For radiation exchange between 10 surfaces, how many view factors need to be

determined directly ?

a. 40 b.45 c. 50 d. 35

Baffles in the shell side of a shell and tube heat exchanger

a. increase the cross-section ofthe shell side liquid
b. force the liquid to flow parallel to the bank

c. increase the shell side heat transfer coefficient
d. decrease the shell side heat transfer coefficient

A Biot number of less than I suggests

a. Higher resistance to heat transfer within the solid and higher resistance from solid to
fluid

b. Lower resistance to heat transfer within the solid and lower resistance from solid to
fluid

c. Lower resistance to heat transfer within the solid and higher resistance from solid to
fluid

d. Higher resistance to heat transfer within the solid and lower resistance from solid to
fluid

10.

11.

t2

t3

t4

15.

16.



17

18.

19.

FEg 2 0 2019

The bottom of a copper pan 0.3 m in diameter is maintained at 1 18 oC by an electric

heater. The heater supplies power at the rate of 836 kWm2 which causes the water to boil.
If the latent heat of vaporization for water is 2257 kJ/kg, what is the evaporation rate ?

a. 100 ke/h b.94kglh c. 82 kg/h d.98 kg/h

Heat produced when a steady state current I passes through an electrical conductor

having resistance R is

a. IR b. IR2 c. I2R d. I2R2

A perfect black body is one which

a. Is black in color
b. Absorbs heat radiations of all wavelengths falling on it
c. Reflects all the heat radiations

d. Transmits the heat radiations

The heat transfer takes place according to

a. Znroth law of thermodynamics

b. First law of thermodynamics

c. Second law of thermodynamics

d. Third law of thermodynamics

20.

-
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SECTION "B''
[4Q. x 10 = 40 marks]

The engine of my go-cart has circular fins, 3 mm thick, that are machined into the

aluminum of the cylinder (k = 240 Wm.K) such that the outer diameter of the cylinder

itself (not including the fins) is 10 cm and the fins stick out from the cylinder by 5 cm.

The temperature of the cylinder cannot exceed 265 "C.I typically run my go-cart in on a

27 "C day under conditions such that the convective heat transfer coefficient h is 80

Wm2.K.
a. Estimate the amount of heat transferred by a single fin. U)
b. If the engine is 8.5 kW in size, is 30Va efficient in transferring power (the other 70Vo

is lost as heat) and 807o of the lost heat is transferred by the fins, how many fins are

needed? t3l

A vertical plane wall is shown below. The outside brick is 10 cm thick, and the inside

panel is 1.3 cm thick plaster board. The brick and the plaster board are separated by a 9.5

cm of glass fiber insulation. On the brick side is air at 2 oC, while on the plaster board

side air is at 27 oC. The wall is 2.5 m tall. How much heat is transferred through wall per

unit width? Also, find the wall temperatures Tw,r and T*,2. Assume Tw,r and T*,2 as 10 oC

and20 oC respectively for initial calculation and then find the corrected values. t10l

Thermal conductivity value of the brick, glass-fiber and plaster are0.45,0.035 and 0.814

Wm.K respectively.

Il*urhoard

Air d l7"t:.{ir d !"[]

Tw,r Tw,z

l0 9.' l..lm

OR
A heat exchanger is to be designed to condense an organic vapor at a rate of 500 kg/min
which is available at its saturation temperature of 355 K. Cooling water at 286 K is

available at a flow rate of 60 kg/s. The overall heat transfer coefficient is 475 Wm2C.
Latent heat of condensation of organic vapor is 600 kJlkg. Calculate

a. The number of tubes required, if tubes of 25 mm outer diameter, 2 mm thickness and

4.87 m length are available, and t6l
b. The number of tube passes, if cooling water velocity should not exceed 2 mls. l4l

Cir*rnqn lrrir! lnulurisn

1



aJ Two parallel plates of size 1.0 m by 1.0 m spaced 0.5 m apart are located in a very large
room, the walls of which are maintained at a temperature of 27oC. One plate is
maintained at a temperature of 900 oC and the other is maintained at 400 oC. Their
emissivities are 0.2 and 0.5 respectively. If the plates exchange heat between themselves
and the surroundings, find the net heat transfer to each plate and to the room. Consider
only the plate surface facing each other. t10l

Consider an air heater consisting of a semicircular tube for which the plane surface is
maintained at 1000 K and the other surface is well insulated. The tube radius is 20 mm
and both surfaces have an emissivity of 0.8. If atmospheric air flows through the tube at
0.01 kg/s and T* = 400 K, what is the rate at which heat must be supplied per unit length
to maintain the plane surface at 1000 K? What is the temperature of the insulated
surface? t10l

OR

A thin-walled concentric tube heat exchanger of 0.19 m length is to be used to heat
deionized water from 40 to 60 oC at a flow rate of 5 kg/s. The deionized water flows
through the inner tube of 30 mm diameter while saturated steam at I atm is supplied to
the annulus formed with the outer tube of 60 mm diameter. The thermophysical
properties of the deionized water are p - 982.3 kg/m3, cp = 4781 Jlkg.K, k = 0.643
Wm.K, p = 548 * 10-6 N.s/m2, and Pr = 3.56. Estimate the convection coefficients for
both sides of the tube and determine the inner tube wall outlet temperature. Does the
condensation provide a fairly uniform inner tube wall temperature equal approximately to
the saturation temperature of the steam? t10l

For a horizontal tube condensation, the convection coefficient is given by

where C =0.729

4.
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*'reillx 11.9$ Effecdveness of a parallel-
flow heat exchanger (Iiquation 11.28).
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