
 
 
 

 

 

 

MAASAI MARA UNIVERSITY 

 

REGULAR UNIVERSITY EXAMINATIONS 

2022/23 ACADEMIC YEAR 

FOURTH YEAR SECOND SEMESTER 

 
SCHOOL OF PURE, APPLIED and HEALTH SCIENCES 

BACHELOR OF SCIENCE (PHYSICS) 
 

COURSE CODE: PHY 4253 

 

COURSE TITLE:  HEAT AND MASS TRANSFER 

DATE:   20th April 2023          TIME:   0830-1030 

INSTRUCTIONS TO CANDIDATES 

1. Answer Question ONE and any other TWO questions 
2. Use of sketch diagrams where necessary and brief illustrations are encouraged.  
3. Read the instructions on the answer booklet keenly and adhere to them. 
4. Tables and constants in the appendix at the end of the paper may be used. 

 

     This paper consists of four printed pages. Please turn over. 



 

QUESTION ONE:  [30 marks] 

a)  Heat transfer can be explained using the laws of thermodynamics. Which laws 

explicitly explain this phenomenon.      (2mks) 

b) Explain the heat transfer problems encountered in real life practice.  (4mks)  

c) You are to design a heat exchanger.  

i. State the study technique you will employ     (1mk) 

ii. what are the advantages of the study technique you have chosen.  (2mks) 

d) Describe fully the equation ( )conv sQ hA T T= − . Under what circumstances does it 

apply?           (5mks) 

e) Water is poured onto a smooth floor, with aid a well labeled diagram, show all 

the horizontal and vertical layers of the flowing water after turbulence is 

attained.           (7mks) 

f) Define absorptivity , reflectivity  , and transmissivity  of a thin surface, 

include the information on a single diagram.     (4mks) 

g) Metallic water supply systems were changed to plastic pipes. This was to cure 

what type of fouling         (2mks) 

h) The human eye is more sensitive in detecting EM radiations at about 500 nm 

(blue-green light), if this coincides with the max for the sun (a blackbody), 

calculate the sun’s surface temperature.     (3mks) 

 

QUESTION TWO:  [20 marks] 

a) State two factors that make heat transfer by thermal radiation more effective

            (2mks) 

b) A 20 cm diameter spherical ball at 800 K suspended in air in an enclosed room. 
Assuming the ball closely approximates a blackbody, determine [Stefan–
Boltzmann constant,

85.67 10 −=  W/m2·K4]  

i. the total blackbody emissive power,      (2mks) 
ii. the total amount of radiation emitted by the ball in 5 min, and  (4mks) 
iii. the spectral blackbody emissive power at a wavelength of 3 m . (4mks) 



c) During the flow of air at T = 20 °C over a plate surface maintained at a constant 

temperature of sT = 160 °C, the dimensionless temperature profile within the air 

layer over the plate is determined to be
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, where a = 3200 m-1 and y 

is the vertical distance measured from the plate surface in m.  Determine the 
heat flux on the plate surface and the convection heat transfer coefficient.  
            (8mks) 

 

QUESTION THREE: [20 marks] 

a) Water is to be heated from 15 oC  to 75 oC as it flows through a 3 cm internal 
diameter 5 m long tube. The tube is equipped with an electric resistance heater 
that provides uniform heating throughout the surface of the tube. The outer 
surface of the heater is well insulated, so that in steady operation all the heat 
generated in the heater is transferred to the water in the tube. If the system is to 
provide hot water at a rate of 10 L/min, determine the power rating of the 
resistance heater. Also, estimate the inner surface temperature of the tube at the 
exit.           (15mks) 

 
b) A 2 m long, 0.3 cm diameter electrical wire extends across a room at 15°C. Heat 

is generated in the wire as a result of resistance heating, the surface temperature 

of the wire is measured to be 152 °C in steady operation. Also, the voltage drop 

and electric current through the wire are measured to be 60 V and 1.5 A, 

respectively. Disregarding any heat transfer by radiation, determine the 

convection heat transfer coefficient for heat transfer between the outer surface 

of the wire and the air in the room.      (5mks) 

 

 

QUESTION FOUR: [20 marks] 

a) State four ways by which heat transfer is enhanced in a heat exchanger (4mks) 

b) A new heat exchanger is assumed to have a fouling factor of zero, what would 

cause this factor to increase?       (3mks) 

c) Charge-coupled device (CCD) image sensors, that are common in modern digital 

cameras, respond differently to light sources with different spectral 

distributions. Daylight and incandescent light may be approximated as a 

blackbody at the effective surface temperatures of 5800 K and 2800 K, 

respectively. Determine the fraction of radiation emitted within the visible 



spectrum wavelengths, from 0.40  m (violet) to 0.76  m (red), for each of the 

lighting sources. What observations can you make?     (7mks) 

d) A 5 m long section of hot- and cold-water pipes run parallel to each other in a 

thick concrete layer, as shown below.  

 
The diameters of both pipes are 5 cm, and the distance between the centerline of 
the pipes is 30 cm. The surface temperatures of the hot and cold pipes are 70°C 
and 15°C, respectively. Taking the thermal conductivity of the concrete to be  
0.75 W/m·K, determine 

i. The rate of heat transfer between the pipes.    (5mks) 
ii. How can the heat loss for this configuration be reduced.  (1mk) 

        

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix:  
Stefan–Boltzmann constant,

85.67 10 −=  W/m2·K4   

Wien’s constant = 
32.898 10  m.K−  

2 8

1 02 3.74177 10C hc= =   W· m4/m2 

4

2 / 1.43878 10oC hc k= =   m·K 

The properties of oil at 80 oC  are  
3852 kg/m =  

0.138 W/m.Kk =  
5 2 =3.794 10  m /sv −

   Pr 499.3=  

Table 1: Blackbody radiation function, f  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Table 2: Nusselt number for fully developed laminar flow in a circular annulus with one side 

insulated and the other isothermal 

 



Table 3: Properties of saturated water 

 

 

Table 4: Properties of air at 1 atm pressure 

 

 

 




