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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

SEMESTER 1

1998/99




THERMAL POWER AND HEAT TRANSFER
Examiners: Prof M R Heikal/Dr F McCluskey

Attempt FOUR questions only.




      Time allowed :  3 hours

All questions carry equal marks.



       Total number of questions = 6

The figures in brackets indicate the relative weightings

of parts of a question.

The following charts, tables and other special requirements are supplied :

Thermodynamics Tables – Mayhew  & Rogers

Gas properties of Air

Unless stated otherwise, all pressures are absolute.
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1. 
a)
Describe the various regimes of pool boiling, and explain how the heat 




            flux varies with available temperature difference between the heating 




            surface and the saturation vapour temperature of liquid.



(10)




b)
For the section shown in Figure Q1, calculate the temperature of nodes l



to 9 and the heat fluxes at the boundaries.  The left face is maintained at



100 (C  and the top face at 500 (C, while the other two faces are exposed to                

            an environment at 100 (C :  




h = 10 W/(m2 K) and k = 10 W/(m K)




(15)
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Figure Q1
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2
a)
Describe briefly the mechanism of heat transfer by forced convection  from




a flat plate and the effect of the boundary layer on the local and average 




heat transfer from the surface.






(10)



b)         Water at 25 (C flows over a thin flat plate at a velocity of 6 x 10-3 m/s. 

 


The length of the plate in the flow direction is l cm and its surface is 




kept at a constant temperature of 35 (C.   




Calculate the following :



i)
the local heat flux at the trailing edge of the plate

ii) the plate-averaged heat flux
iii) the total heat transfer rate between the plate and the water                                                                 per unit width of the plate.






                                   







For laminar flow:
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(15)
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3.
a)
Describe with the aid of a sketch the main differences between a parallel





 flow and a counter flow heat exchanger.  Comment on their relative 




performance and the reasons for any differences in performance.


(10)




b)
Water at the rate of 4 kg/s is heated from 35(C to 55(C in a shell-and–tube 





heat exchanger.  On the shell side one pass is used with water as the heating 





fluid, 2 kg/s, entering the exchanger at 95(C.  The overall heat transfer 





coefficient is 1420 W/m2 K, and the average water velocity in the 20 mm 





diameter tubes is 0.4 m/s.  Calculate the number and length of tubes required.

















(15)



4.
a)
Sketch the ideal Brayton refrigeration cycle on a T – s diagram and indicate 





the main components. 







(3)



b)
Air enters the compressor of an ideal Brayton refrigeration cycle at 1 bar,                      



            270 K and a mass flowrate of 1.807 kg/s.  The compressor pressure ratio is                             


            3 and the turbine inlet temperature is 300 K.





(14)





(i)
What is the net power input?






(3)





(ii)
What is the refrigeration capacity?





(3)





(iii)
What is the coefficient of performance?




(2)                                                                                     
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5.
a)
The specific heats Cv  and  Cp are related via the expression :
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Using  the definitions for the coefficient of volumetric expansion
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and the relationship [image: image8.wmf]T

υ

p

T

υ

T

p

÷

ø

ö

ç

è

æ

¶

¶

÷

ø

ö

ç

è

æ

¶

¶

-

=

÷

ø

ö

ç

è

æ

¶

¶

p

u

  write [image: image9.wmf](

)

v

p

C

C

-

 in terms of  





(, k ( and T.









(10)



b)
For water at a temperature of 20(C and a pressure of l bar, what is 




the value of C( given that, under the same conditions ( = 998.21 kg/m3 ,  






            ( = 206.6 x 10-6  K-1   k = 45.9 x 10-6  bar-1 and Cp = 4.189 kJ/(kg K)? 

(10)


c)
Find the velocity of sound C, given by the expression :
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6.
a)
Sketch the air standard dual cycle for the internal combustion engine 





on a p-v diagram and derive an expression for the thermal efficiency of





the cycle in terms of  specific internal energy and specific enthalpy.

(12)




b)
At the beginning of the compression process of an air standard dual cycle 

                                                 with a compression ratio of 18, the temperature is 300K.  At the end of 





the process it is 900K. The pressure ratio for the constant volume part of the 





heating process is 1.5:1 and the volume ratio for the constant pressure process 





is 1.2:1. The temperature at the end of the isentropic expansion process is 650 K.  





Using the equation of state for an ideal gas and the ideal gas properties of air 





(see table), determine the thermal efficiency of the engine.



(13)

�EMBED Equation.3���
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