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Special Examination — 2012
HEAT TRANSFER
Full Marks -70

Time-3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.
The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10
(a) Differentiate between Nusselt number and Biot number.
(b) State Newton’s law of cooling.
(c) If'n’ plane walls are in series, then what is the overall resistance ?
(d) Define radiation shape factor.
(e) Why LMTD correction factor is used ?
(f) State Stefan-Boltzmann law of radiation.
(g) Inwhichtype of boiling radiation comes into play ?

(h) Forconcentrating heat sensitive fluid which type of feeding is preferredina
multiple effect evaporator ?

(i) Differentiate between regenerators and recuperators.
() Define dirt factor and when it is utilized in heat exchanger calculations ?

2. (a) Awallof furnace is made up of inside layer of Si brick of 120 mm thick
covered with a layer of Mg brick of 240 mm thick. Temperatures at inside
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surface of Si brick wall and outside surface of Mg are 725 and 110°C
respectively. The contact resistance between the two walls at the interface is
0.0035 °C/W/unit area. If thermal conductivities for Si & Mg are 1.7 & 5.8
W/m°C, calculate :

(a) Rate of heatflux/unitarea

(b) Temperature drop atinterface 6

(b) Variation of thermal condition of wall material is given by K = K,(1+aT+
BT2). If thickness of wall = L & its two surface are maintained at T, and T,
find out an expression for steady state one dimensional heat transfer through
the wall. 4

3. (a) Whyextended surfaces are used ? 2

(b) Derive an equation for heat transfer and temperature distribution for a
rectangular fin with finite length and tip of the fin is insulated. 8

4. 3000 kg/hr of furnace oil is heated from 10 to 90°C in a shell and tube HE. The il
is to flow inside the tube while steam at 120°C is to flow through the shell. The
tubes are of 1.65 cm ID and 1.9 cm OD. The heat transfer co-efficient of oil and
steam sides are 85 and 7420 J/s m? K. Find the number of passes and number of
tubes in each pass if the length of each tube is limited to 2.85 m due to space
limitation. The velocity of ail is limited to 5 cm/s to keep the pressure drop low.

Density of oil is 9000 kg/cm® and Cp=1970J/kg K. 10
5. (a) Define Grashoff's numberand write its significance. 3
(b) Prove that, for free convection Nu = f(Pr, Gr). 7

6. (a) A50mOD oxidized iron pipe at 4500°C passed through a room in which
the surrounding air is at a temperature of 27°C. If the emissivity of pipe
metal is 0.8, then what is the net interchange radiant energy / m length pipe.

5
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(b) Assuming sun to be a black body emmiting radiation with maximum intensity,
A =0.49 pm, calculate the following : 5

(i) Surface temperature of sun
(i) Heatloss atthe surface of sun
7. Saturated steam at 90°C (P=70.14 kPa) condenses on the other surface of a

1.5mlong, 2.5m OD vertical tube maintained at an uniform temperature of 70°C .
Assuming film condensation, calculate : 10

(i) thelocal heat transfer co-efficient at the bottom of the tube

(ii) the average heat transfer co-efficient over the entire surface of the tube.

Properties of H,0 at 80°C are : P, = 974 kg/m?, K= 0.668 W/mK,
p=0.335x10%kg/ms, and hy,=2309 kJ/kg.

8.  Write short notes on any two: 5x2
(a) Analogy between heatand momentum transfer
(b) Significance of thermal conductivity

(c) Dropwise condensation.
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