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DEPARTMENT OF MECHANICAL AND MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 1

SEMESTER 2

1997/98

THERMOFLUIDS

Examiners Dr S Sazhin/ Prof R A Johns

___________________________________________________________________________

Attempt FIVE questions only.

             
Time allowed: 3 hours









Total number of questions = 8

All questions carry equal marks

The figures in brackets indicate the relative weightings 

of parts of a question.

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

Thermofluids Data Sheet

Thermodynamics & Transport Properties of Fluids
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1.
(a)
What depth of sea water will produce a gauge pressure of 130 kPa?



Assume that the relative density of sea water is l.002.

           (6)


(b)
A mass of 100 kg acts on a piston of area 200 cm2.   What is the 



gauge pressure of the water in contact with the under side of the 



piston,  if the piston is in equilibrium?




(7)


(c)
Describe the Pascal's law for pressure at a point in a fluid.


(4)


(d)
Explain the meaning of 



(i)
static pressure







(1)



(ii)
dynamic pressure






(1)



(iii)
total pressure







(1)

2.
(a)
Water flows through a 3 cm diameter pipe at a velocity of 2 m/s.



(i)
Determine whether the flow is laminar or turbulent.


(8)



(ii)
If oil is pumped through the same pipe and at the same 




velocity, what type of flow will occur?


            (7)



Assume that the dynamic viscosities of water and oil are equal to 


l.3 x 10-3 kg m-1 s-1 and 9.6 x 10-2  kg m-1  s-1  respectively, and the 

relative densities of water and oil are equal to l and 0.9 respectively.


(b)
Describe the concepts of 



i)
a pathline







(2)



ii)
a streakline







(2)



iii)
a streamline







(1)
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3.
A jet of water is initially 10 cm in diameter and when directed vertically
 
upwards reaches a maximum height of 18 m.  Assuming the jet 


remains circular determine


(a)
the volumetric rate of flow of water.



      

  (10)


(b)
the diameter of the jet at a height of 9 m.


         

  (10)

4.
Oil of relative density 0.88 and a kinematic viscosity 0.00034 m2 s-1 


is pumped over a distance of 1.6 km through a 7.6 cm diameter tube at a 


rate of 3 x 104  kg h-1.


Calculate the pumping power required assuming 72% mechanical efficiency
 
and using the Poiseuille law in the form  




Q = ∆p   d4/(128 µ l ).




           (20)

5.   
Air at 1 bar and 15°C enters the cylinder of a reciprocating compressor and is 
compressed to 10 bar  according to the relationship




pV1.4 = constant

The cylinder has a bore of 83 mm and the distance between the piston crown
 
and the cylinder head at bottom dead centre is 110 mm.


Calculate:


(a)   the mass of air in the cylinder at bottom dead centre



(3)


(b)   the volume of the air when the piston is at top dead centre


(3)


(c)   the work transfer during the compression process



(3)


(d)  the temperature of the air at the end of the compression stroke


(3)


(e)  the change in internal energy of the air during compression


(4)


(f)  the heat transfer to the air during compression.




(4)
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6.   
Steam enters a turbine at 500 bar 550°C and leaves at 1 bar 0.8 dry. 


Calculate:


(a)   the specific work transfer






(6)


(b)   the change in specific entropy






(7)


(c)   the steam mass flow required to deliver 500 MW.



(3)


State clearly any assumptions that  you make.




(4)






7.
(a)    Explain the difference between Reversible and Reversed when 


         to heat engines.








(7)


(b)   Write down an expression for the efficiency of the Carnot cycle 


        in terms of the temperatures of the two reservoirs.



(3)









(c)   A reversible heat engine operating between 227°C and an 


       ambient temperature of 23°C drives a reversible refrigerator 


       working between - 23°C and 23°C.  Determine the ratio of the heat 


       transfer to the heat engine and the heat transfer from the refrigerated
 

       compartment. 







         (10)  
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8.   
The following data was taken from a performance test of a 4 cylinder, 


4 stroke petrol engine:



Bore



81.0 mm



Stroke



77.0 mm



Speed



6000 rev/min



Torque



117 Nm



Fuel consumption

26 kg/h



Fuel calorific value

43 MJ/kg



Mechanical efficiency

85 %

Calculate:



(a)  Brake power






            (4)

(b) Brake specific fuel consumption





(4)



(c)  Brake mean effective pressure





(4)

(d) Brake thermal efficiency






(4)



(e) Indicated mean effective pressure





(4)
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