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DEPARTMENT OF MECHANICAL AND MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

SEMESTER 1

1997/98

THERMAL POWER & HEAT TRANSFER

EXAMINERS:  PROF M 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


p-h chart for R.143a


Unless stated otherwise, all pressures are absolute.
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1.
A 100 mm thick plate is initially at a uniform temperature of 300∞C.  It is quenched by immersing it in a stream coolant at 50∞C.  The heat transfer coefficient between the coolant and the plate is 550 W/m2K.  Use simple finite difference methods to determine the temperature distribution in the plate after twelve seconds.   


Plate conductivity k = 18 W/mK, diffusivity a = 1.3x10-5 m2/s.


You may use the following equations for temperature at time (t + Dt)


at a boundary node



To t + t = 2Fo (T1 t+BiT•)  +  (1-2Fo -2FoBi)To t


at an internal node



Tot+t = Fo (T1t +T2t)  +  (1-2Fo)Tot

where Fo = Fourier number and Bi = Biot number.


Justify any choice of step size made.




    
       

(25)
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2.
a)
Describe the various types of pool boiling that can occur, and explain
 
how the heat flux varies with available temperature difference between

 
the heating surface and the saturation vapour temperature of the 

liquid.







           (12)


b)
A forced convection water boiler operates a 4.77 bar.  Calculate the
 
effective flux rate for the boiler in the nucleate boiling region if 



the surface temperature is 156°C.  The forced convection heat transfer
 
coefficient in this region, calculated using the  Dittus-Boelter equation,

 
is 2800 W/m2K.  Rohsenow's correlation for nucleate boiling heat flux 
is










Cp
-
specific heat of the saturated liquid - J/kg K



T
-
excess temperature - K



hfg 
- 
enthalpy of evaporation - J/kg



pr
-
Prandtl number of liquid



Csf
-
constant - for this case = 0.009



Q/A
-
heat flux from tube surface W/m2



-
viscosity of liquid Ns/m2



-
surface tension of liquid/vapour interface N/m



g
-
gravitational constant - 9.81 m/s2



e
-
density of liquid kg/m3



n
-
density of vapour kg/m3



The surface tension s can be taken as 56. 2x10-3   N/m.
           (13)
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3.
In an oil cooler for a diesel engine  0.1 kg/s of oil is to be cooled from 120°C to 
           60°C in a double-pipe heat exchanger with 0.1 kg/s of water available at 10°C. 
 
         The overall heat transfer coefficient is 400 W/m2K.  Determine the heat transfer

  surface area if the flow is:


a)
Parallel


b)
Counterflow


(The specific heat of oil is 2131 J/kg °C).


Comment on the result.






         
 
 (25)
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4.
(a)
The pressure, volume, temperature, internal energy and entropy of a


 
given mass of fluid in equilibrium are p, V, T, U and S respectively.

  
Assuming that the internal energy is a function of the two independent

 
variables T and V, use the first law of thermodynamics: d Q = dU + 



pdV, and the definition of entropy dQ/T = dS to prove that 











and

 









         

 (10)


(b)
Use the relationship 

 in the last expression to show that 


for a gas obeying van de Waals equation:








where R, a and b are constants



the specific heat Cv is independent of V.



Cv is defined as 







           (15)
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5.
A vapour compression plant uses R134a and has an evaporator saturation


 temperature of -5°C and a condenser saturation temperature of 45°C.  


Compression is carried out in two stages and a flash chamber is employed 

         between two throttles at an inter-stage temperature of 15°C.


The vapour is dry saturated at evaporator exit and there is no subcooling of 

  the condensate.


a)
Sketch the circuit.







(2)


b)
Using the p-h chart for R134a, indicate the evaporator inter-stage 



and condenser operating pressures.





(3)


c)
How much vapour is bled off at the flash chamber?



(5)


d)
What is the enthalpy of the vapour at the entry of the second 



stage compressor (ie after compressed vapour is mixed with 



flash vapour)?








(5)


e)
List the enthalpy values of all significant points of the circuit.


(5)


f)
Calculate the coefficient of performance.




(5)
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6.
A gas turbine (see figure Q6) operates a 1000 kW generator.  Air at 1 bar 


and 30°C enters the  compressor and is compressed to 7 bars.  The exhaust 


gas temperature is 665K.


a)
Describe the cycle schematically on a T-s and on a p-v diagram.
(3)


b)
Write expressions for the net work and heat input in terms of the 
temperatures, and hence the efficiency of the cycle h.


(6)


c)
Given that for isentropic processes 







Find the expression for efficiency in terms of the pressure ratio 



r  








(3)


d)
If  = 1.4, calculate the efficiency of the cycle.



(4)


e)
What is the temperature at the inlet of the turbine (T3)?

(4)


f)
Calculate the mass flowrate at the compressor inlet.


(5)


Take Cp = 1.11 kJ/kgK.

[image: image1.png]Combustion Chamber

compressor

O

Tursine

Inlet

v

Exhaust

O

Generator




Figure Q6
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