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Note/ Attempt five questions and use data book only

Q1/ A counter-flow heat exchanger is employed to cool 0.55 kg/s (co : 2.45kJlkg"C) of oil from I 15"C to
40'C by the use of water. The Intel and outlet temperatures of cooling water are 15"C and 75oC, respectively.
The overall heat transfer coefficient is expected to be 1450 Wm2.'C. Find:
(i) The mass flow rate of water.
(ii) The effectiveness of the heat exchanger.
(iii) The surface area required. (10 Marks)

Q2l Two parallel plates of size l 0 m x 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"C and the
other at 400'C. Their emissivities are 0.2 and 0.5 respectively. If the plates exchange heat between
themselves and surroundings, find the net heat transfer to each plate and to the room. Consider only the plate
surfaces facing each other. 

(10 Marks)

Q3/ A vertical plate 20cmx20cm in size at 60oC is exposed to atmosphere at 15"C. Compare the free
convection heat transfer from this plate with that which would result from forcing air over the plate at a
velocity equal to the maximum velocity which occurs in free convection boundary layer at traiting edge
of the plate. p : 1 . 128 kglmz , F : 19. 1 1 x 10-6 kg/m.s , v : 1 9.96 " 1 0-6 m2lsec , cp : 1 007 J/kg.K ,

K:0.027 W/m.K.
(10 Marks)

Q4l A condenser is to be designed to condense 1800 kg/h of dry and saturated steam at a pressure of
10kPa. A square array of 400 tubes each of 8mm in diameter is to be used. If the tube surface
temperature is to be maintained at24"C, calculate the following:
(i) The heat transfer coefficient, and
(ii) The length of each tube assuming single pass.

Take the following properties: py:993.95 kg/ml, k: 62.53 " 10-2 W/moC, p,:728.15 " 10-6 kg/ms.

Trut:45.goc, p,, =0.0676kglm3, hr":2393 kJ/kg. 
(10 Marks)

Q5/ A fuel tube made of uranium 4 cm LD. and 6 cm O.D. is cooled by circulating the coolant through the tube r

well as passing over the surface of the tube. Taking the following data, find the maximum temperature t
which the tube is subjected and its position. hi= 250 W/m2.K, hol 200 Wm2.K , T"u : 2}O"C,Tg; : 200"C ,

K (for uranium):28.8 Wm.K, p(uranium): 18.9 gams /cm3., q"':2.6 MW per metric tonne. Neglect the

axial temperature gradient in the tube and assume that the heat flows only along the radial direction.

(10 Marks)
Q6/ A thermoplastic material must be brought to at least 90"C for easy moulding but its temperature must not
exceed 120'C at any point in the material. A sheet of this material 20 mm thick is put in an oven maintained at
120"C. Find the time required to raise the temperature of the plate 90'C atthe centre, if the initial temperature

of the plate was 30oC. Take: h (in the oven) :25 Wlm2.K , K (thermoplastic material) : 5 W/m.K ,

cr(thermoplastic material): 4 xl0-7 m'ls. Find the surface temperature when the centre has reached the

temperature of 90"c. 
(lo Marks)
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