
Registration No :            

 
Total number of pages : 04      B.Tech. 

 PCE5D001 
5th Semester Regular Examination 2017-18 

Advance Heat Transfer 
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Time : 3 Hours 
Max Marks : 100 

Question Code : B227 
Answer Question No.1 and 2 which are compulsory and any four from the rest. 

The figures in the right hand margin indicate marks. 
Assume suitable notations and any missing data wherever necessary. 

Use of Steam Table is permitted.Answer all parts of a question at a place. 
 

1.  Answer the following questions : (2x10) 
 (a) Which of the following has the highest thermal conductivity? 

i. Brick 
ii. Air 
iii. Silver 
iv. Water 

 

 (b) Heat flux through several resistances in series is analogous to the 
current flowing through several 

i. Resistances in parallel 
ii. Capacitances in series 
iii. Resistances in series 
iv. None of these 

 

 (c) Graetz number is 
i.  

ii.  

iii.  

iv.  

 

 (d) Fouling factor 
i. is a dimensionless quantity 
ii. does not provide a safety factor for design 
iii. accounts for additional resistances to heat flow 
iv. none of these 

 

 (e) For what value of Prandtl number, 푆푡 = 푓 2⁄ ? 
i. 1.5 
ii. 1 
iii. >1 
iv. <1 

 

 (f) If the average heat transfer co-efficient is ha and the local heat 
transfer co-efficient at the end of the plate is hL then in case of heat 
transfer to a fluid flowing over a flat plate, heated over its entire 
length 

i. ℎ = ℎ  
ii. ℎ = 2ℎ  
iii. ℎ = 0.5ℎ  
iv. ℎ = 0.75ℎ  

 

 

http://www.bputonline.com

http://www.bputonline.com

http://www.bputonline.com
http://www.bputonline.com


 (g) Nucleate boiling is promoted  
i. on polished surfaces 
ii. on roughened surfaces 
iii. in the absence of agitation 
iv. None of these 

 

 (h) In a single effect evaporator, the economy is 
i. 1 
ii. <1 
iii. >1 
iv. None of these  

 

 (i) Multipass heat exchangers are used 
i. Because of simplicity of fabrication 
ii. For low heat load 
iii. To obtain higher heat transfer coefficient and shorter tube 

length 
iv. To reduce the pressure drop 

 

 (j) Overall heat transfer co-efficient for a particular tube is U1. If the 
same tube with some dirt deposited on either side has co-efficient U2, 
then  

i. 푈 = 푈  

ii. 푈 > 푈  

iii. 푈 > 푈  
iv. U1 = dirt factor – U2 

 

    
2.  Answer the following questions : (2x10) 
 (a) What do you mean by lumped capacity system?  
 (b) Why the critical insulation thickness is only applicable in case of 

cylinder and sphere and not for a slab? Justify your answer. 
 

 (c) Define fin and classify the different types of fins.  
 (d) What do you mean by LMTD correction factor?  
 (e) Define Interface evaporation.  
 (f) State Lambert’s Cosine Law.  
 (g) What do you mean by Blowdown?  
 (h) Differentiate between diameter and equivalent diameter.  
 (i) Define shape factor.  
 (j) Differentiate between direct and indirect contact type heat 

exchangers with example. 
 

    
3. (a) How does thermal conductivity for solids, liquids, and gases depend 

upon the temperature? 
(4) 

 (b) Define thermal resistance. What type of quantities (vector or scalar) 
are the following: 

i. Temperature 
ii. Heat flux 
iii. Thermal conductivity 

(3) 

 (c) The steady-state temperature distribution in a 0.3 meter thick plane 
wall is 

푇 = 600 + 2500푥 − 12,000푥  
where‘T’ is in degree centigrade and ‘x’ is in meter measure from one 
surface of the wall. One dimensional steady state heat transfer by 
conduction occurs in the wall along the x-direction. The thermal 
conductivity of the material of the wall is 23.5 W/m.oC. 

i. What are the surface temperatures and the average 
temperature of the wall? 

ii. Calculate the maximum temperature in the wall and its 
location. 

(8) 
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iii. Calculate the heat fluxes at the surface. 
iv. Do you think that there is heat generation in the wall? If so, 

what is the average volumetric rate of heat generation? Is the 
rate of heat generation uniform? 

    
4. (a) Consider a composite wall consisting of four different materials as 

shown in the figure below. The following data are given: LA = 0.1 m, 
LC = 0.2 m, LD = 0.12 m, H = 2 m, HB = 1 m, KA = 20 W/m.oC, KB = 10 
W/m.oC, KC = 7 W/m.oC, KD = 25 W/m.oC, T1 = 120 oC and T2 = 50 
oC. 

 
Calculate the rate of heat flow through the assembly per unit breadth. 
Assume one-dimensional heat flow only. 

(5) 

 (b) Derive the expression for 3-D heat conduction equation in a slab 
where the temperature is a function of both time and location. 

(10) 

    
5. (a) How does fin enhance the heat transfer at a surface? Mention the 

common types of fins. 
(3) 

 (b) Under what condition does the fin efficiency become nearly 100%? (2) 
 (c) Derive the different analogy equations for a fluid flowing through a 

pipe of radius ‘r’ by taking suitable assumptions. 
(10) 

    
6. (a) Differentiate between 1-2 and 2-4 shell and tube heat exchanger. (5) 
 (b) Crude oil flows at the rate of 100 kg/hr through the inside pipe of a 

double pipe heat exchanger and is heated from 30oC to 90oC. The 
heat is supplied by kerosene initially at 200oC flowing through the 
annular space. If the temperature of approach (minimum temperature 
difference) is 10oC, determine the heat transfer area for co-current 
flow and the kerosene flowrate. 
Cp for crude oil = 0.5 kcal/kg.oC 
Cp for kerosene = 0.6 kcal/kg.oC 
U0 = 400 kcal/hr.m2.oC 

(10) 

    
7. (a) Distinguish between free and forced convection heat transfer. (2) 
 (b) What is stagnation point? How does boundary layer separation 

occurs at that point? 
(2) 

 (c) Name any four important dimensionless groups in heat transfer. 
What is their physical significance? 

(4) 

 (d) Make a sketch of a double pipe heat exchanger. What are the modes 
of flow in such exchanger? Which flow mode ensures the best heat 
recovery and why? 

(7) 

    
8. (a) Classify the different modes of feed supply to the multiple effect 

evaporator system. 
 
 
 

(8) 
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 (b) A single effect evaporator operates at 0.15 atm absolute pressure. 

What will be the heating surface necessary to concentrate 1.25 
kg/sec of 10% caustic soda solution to 40% assuming a value of 
overall heat transfer co-efficient as 1500 kcal/hr.m2.oC and using 
steam at 120oC?The heating surface is 1.2 m below the liquid level. 
Following data may be used if required: 
BPR of solution = 30oC 
Feed temperature = 18oC 
Specific heat of feed = 0.95 kcal/kg.oC 
Specific heat of product = 0.80 kcal/kg.oC 
Specific gravity of boiling liquid = 1.39. 

(7) 

    
9. (a) If i and j denote the inner and outer surface of a spherical shell, what 

are the values of Fii and Fjj ? 
(4) 

 (b) What benefit can be derived by using a radiation shield and re-
radiating surface? 

(3) 

 (c) Two large parallel surfaces at temperatures 500oC and 200oC, and of 
emissivity 0.8 and 0.6 respectively are separated by a polished metal 
plate of emissivity 0.1. Calculate the rate of heat exchange between 
the surfaces and also the temperature of the separating metal plate. 

(8) 
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