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Seat No.: __________                                                  Enrolment No._____________ 

  

GUJARAT TECHNOLOGICAL UNIVERSITY 
ME Semester –I Examination Feb. - 2012 

 

Subject code: 711006N                                      Date: 21/02/2012 

Subject Name: Cryogenic Heat Exchangers 

Time:  10.30 am – 01.00 pm                                      Total Marks: 70 
 

Instructions: 
1. Attempt all questions.  

2. Make suitable assumptions wherever necessary. 

3. Figures to the right indicate full marks. 
 

Q.1  (a) Derive the formula for effectiveness of counter flow type heat 

exchangers. Why NTU-effectiveness is very useful for heat exchanger 

design? 

07 

 (b) With neat sketches, explain pool boiling curve & different regimes of 

pool boiling.   

07 

    

Q.2  (a) State and explain Lockhart – Martinelli correlations of two phase flow 

pressure drop for cryogenic fluids. 

07 

  (b) A pipe of 10 cm OD passes through the centre of a concrete slab of 

cross-section 50 cm x 50 cm. The outer surface of the pipe is maintained 

at 130
o
C while the outer surface of the concrete slab is at 30

o
C. Using 

the flux plot, estimate the heat loss per metre length of the pipe. Take 

conductivity of concrete is 1.37 W/m-K. 

07 

  OR  

  (b) Explain the shape factor for one dimensional heat transfer and give 

shape factor formula for following cases: (i) Hollow sphere (ii) cylinder 

centered in a large plate (iii) Isothermal sphere buried in a semi infinite 

medium. (iv) Hollow cylinder.  

07 

    

Q.3  (a) Write a note on thermal contact resistance.  05 

 (b) Estimate the temperatures at points 1, 2, 3 and 4 shown in fig.1 using the 

relaxation technique. 

09 

  OR  

Q.3  (a) Derive the 2-dimensional conduction equation in Cartesian co-ordinates 

for a homogeneous material with heat generation in steady state 

conditions. 

07 

 (b) In plate-fin heat exchanger, the frontal area is 5.00 m
2 
and the ratio of free flow 

area to frontal area is 0.40. The equivalent diameter of the flow passages is 

3.60 mm. the gas flowing through the heat exchanger is methane (µ = 

0.015mPa-s), which flows through the heat exchanger at a mass flow rate of 

25.0 kg/s. The density of the methane at the heat exchanger inlet is 2.00 kg/m
3
, 

the density at the outlet is 1.00kg/m
3
, and the density at the bulk condition is 

1.333kg/m
3
. The length of the core in the direction of the flow is 238.8 mm. 

The contraction co-efficient is Kc= 0.50 and the expansion co-efficient Ke = 

0.30. The core friction factor correlation is given by f =0.115Re
-0.25

. Determine 

the total pressure drop through the heat exchanger for the methane stream. 

07 
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Q.4  (a) Determine the fin effectiveness and surface effectiveness for the 

configuration shown in fig. 2 if nitrogen gas at 95 K and 140 kPa is 

flowing inside the tube. The tube wall has a temperature of 105 K and 

the mass flow rate of the nitrogen gas is 40 g/s. The tube has an inside 

diameter of 20 mm, the fin thickness is 1.5 mm, and the fin thermal 

conductivity is 225 W/m-K. (use correlation: jH = 0.023 Re
-0.20 

) 

08 

  (b) Explain the design procedure for perforated plate heat exchangers. Also 

draw the neat sketch of the same. 

06 

  OR  

Q.4  (a) Write short note on Freezing at cryogenic temperature. 07 

 (b) Liquid ammonia (cp= 4.480 kJ/kg-K) is used to precool air (cp=1.008 

kJ/kg-K) in a counter flow shell and tube type heat exchanger. The liquid 

ammonia enters the heat exchanger on the tube side at -40
o
C and a mass 

flow rate of 2.25 kg/s. The air enters the heat exchanger  on the shell 

sided at 35
o
C and a mass flow rate of 6.0 kg/s. the desired exit 

temperature of the air is -17.5
o
C. The overall heat transfer co-efficient 

for the heat exchanger is 340 W/m
2
-K. Determine the required heat 

transfer surface area and heat transfer rate. 

07 

    

Q.5  (a) Sketch the coiled tubular heat exchangers. Explain the design 

methodology for cryogenic coiled tubular heat exchangers. 

07 

 (b) Using the NTU-effectiveness method, determine the effectiveness for a 

valved type regenerator having a matrix material with a specific heat of 

0.480 kJ/kg-K and a total mass of 2688 kg. The mass flow rate of the gas 

during the heating period is 2.0 kg/s, and during the cooling period is 1.8 

kg/s. the specific heat of the gas for both periods is 1.006 kJ/kg-K. The 

total period for the regenerator is 9 minute. The convective heat transfer 

coefficient for the heating period is 416 W/m
2
-K and the convective heat 

transfer co-efficient for cooling period is 388 W/m
2
-K. The surface area 

for the heating and cooling periods is equal to 108 m
2
 for each period.  

07 

  OR  

Q.5  (a) Describe design methodology of regenerative heat exchangers.  08 

 (b) Compare regenerators with recuperators. Also describe Linde type heat 

exchangers with neat sketch 

06 

 

 

 

 
 

 

Q.4 Fig. 2 Tube configuration 
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