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Time :  3 Hrs. Max.  Marks :  60

INSTRUCTION TO  CANDIDATES  :
1. SECTION-A is COMPULSORY.
2. Attempt any FOUR questions from SECTION-B.
3. Attempt any TWO questions from SECTION-C.

SECTION-A (10 × 2  = 20 Marks)

l. Write short notes on :

(a) What are applications of heat exchangers and why is counter flow HX
better than parallel-flow HX?

(b) What is  overall heat transfer coefficient?  Derive an expression for
overall heat transfer for a tubular heat exchanger (HX) based on inner
surface area.

(c) Draw  temperature  profile  for  parallel  and  counter  flow  type  heat
exchangers.

(d) What are the selection criteria for the heat exchangers?

(e) What is boiling?  What mechanism is responsible for very high heat
transfer coefficient in nucleate boiling?

(f) A short note on multiple effect evaporators

(g) Draw the neat and clean diagrams for plate heat exchangers and plate
fine heat exchangers.

(h) Draw the schematic diagram for Heat Pipe and explain its working.

(i) What is fouling factor? What is its role in the heat transfer process?

(j) What are the compact heat exchangers and their area of applications?
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SECTION-B (4 × 5 = 20  Marks)

2. A counter-flow heat exchanger of surface area 8 m2 is to be used to heat
a process liquid by using high temperature water available from another
part  of  the  plant.  If  the  overall  coefficient  of  heat  transfer  is
450 W/m2-K, find the exit temperatures of the process liquid and water
from the data given below :

Hot fluid (water) Cold fluid (process liquid)

Inlet temperature, K 365 300

Mass flow rate, kg/s 1.0 3.0

Specific heat, kJ/kg-K 4.2 2.1

3. Derive an expression for the logarithmic mean  temperature difference
(LMTD) in case of counter flow heat exchanger.

4. In a shell and tube heat exchanger, tubes are 4m long, 3.1cm OD, 2.7cm
ID. Water is heated  from 22°C to 45°C by condensing  steam  at  100°C
on outside the tubes. Water flow rate  through tubes  is 10Kg/Sec. Heat
transfer coefficient on steam side is 5500 W/m2K and on the water side
850 W/m2K. Neglecting all other resistances, find the  number of tubes
required. Take specific heat for water as 4.170J/Kg K

5. Discuss  types  of  fouling  and  their  effect  on  the  performance  of  heat
exchangers. What are the cleaning methods used to remove fouling?

6. With the help of neat sketch of boiling curve, discuss in detail various
regimes in boiling.

SECTION-C (2 ×  10  = 20 Marks)

7. A  one  shell  two  tube pass heat exchanger having 3000 thin wall brass
tubes of 20mm diameter has  been installed in power plant with a heat
load  of  230MW. The steam  condenses at  50°C  and  the  cooling  water
enters the tube at 20°C at  the rate of 3000 Kg/s. Calculate overall heat
transfer coefficient, tube length per pass and the rate of condensation of
the steam. Take heat transfer coefficient for the condensation on the outer
surface as 15.5KW/m2K and the latent heat of the steam as 2380KJ/Kg.
Further  assume  the  following  properties  as  :  Cp  =  4.180KJ/Kg  K,
µ = 855 × 10–6 Ns/m2, K = 0.613W/m K and Pr = 5.83
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8. A  chemical industry  operates continuously  and  produces 2×105  Kg of
sulphuric acid per day which needs to be cooled from 60°C to 40°C in a
counter flow double pipe type heat exchanger. The acid flows through the
inner pipe while water is employed as cooling medium flows through the
annulus  with  temperature  15°C at the entry  and 20°C at  the exit.  The
inner diameters for the inner and outer pipe are 70mm and 120mm and
each pipe is 5mm thick. Taking thermal conductivity of inner pipe material
48W/m K, make the calculations for the mass flow rate of the water and
length  of the heat  exchanger. Thermophysical  properties of  water  and
sulphuric acid at mean bulk temperature are as :

Property Water Acid

Density (Kg/m3) 998 1800

Sp. Heat  (J/Kg K) 4187 1465

Thermal conductivity (W/mK) 0.60 0.30

Kinematic viscosity (m2/s) 1×10–6 6.8×10–6

Fouling factor (m2K/W) – 0.002

9. Write a short note on any two :

(i) Distinguish between mechanism of film wise condensation and drop
wise condensation.

(ii) Discuss the two phase flow boiling, how heat transfer is effected by
it?

(iii) Thermosyphen and forced circulation reboilers.

- 584

www.a2zsubjects.com

www.a2zsubjects.com

www.brpaper.com
http://www.a2zsubjects.com
http://www.a2zsubjects.com

