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ANSWER ALL QUESTIONS

Express all answers to 2 decimal places.


Q1 (15 marks)
a. 
From Euler’s continuity equation, derive the Rankine-Hugoniot equation for mass conservation for a shock front in a frame of reference moving with the shock front.									(2 marks)
b. For water, the shock velocity, D, is linearly related to  the particle velocity, u, of the water just after the shock front has passed, according to 
D =  a + bu
where a = 1.45 km s-1 and b =1.99  .
Calculate the specific volume and pressure when the particle velocity is 
0.5 km s-1 and the initial water pressure and velocity  is zero and the initial density is 1000 kg m-3 . 								(6 marks)

c. With the aid of a fully-labelled sketch, describe the change of thermodynamic state of a fluid subject to a detonation/deflagration induced shock wave. 
(3 marks)
d. Give a thermodynamic interpretation of the terms detonation and deflagration and indicate the corresponding regions on the Hugoniot Curve.     		(4 marks)














Q2 (15 marks)

a. Describe the fundamental assumptions in Cauchy’s expression of the 3D constitutive equation. 								(3  marks)
b. An isotropic material has material properties:  E=  300 GPa    and ν = 0.3 ; Calculate:
i. The Stiffness matrix 						(3 marks)
ii. [bookmark: _Hlk88999017]The value of σxx when the strain vector is                                                                    

0.05
0.1
0.05
0.2
0.1
0.2							(4 marks)

c. 
i. Describe in words how you would determine the deviatoric stress matrix
(3 marks)
ii. What material behaviour does the deviatoric matrix represent?	(2 marks)



















Q3 (15 marks)

a. How many moles of ideal gas are present in a volume of 0.4 m3 when the pressure is     2.5 MPa and the temperature is 40 ºC   ?    				(3 marks)
b. 
i. An ideal gas expands isothermally to a final volume of 0.15 m3 from an initial thermodynamic state of P= 5 MPa and V= 0.2 m3. Calculate the final pressure.							(3 marks)
ii. If the gas is then compressed adiabatically to its original volume, what is the new pressure?   (Cv= 657 J kg-1 K-1     Cp= 919.8 J kg-1 K-1)										(4 marks)
iii. If the initial temperature of the gas was 300 K, what is the final temperature of the gas after this adiabatic compression?			(5 marks)


Q4 (15 marks)

a. Give a physical interpretation for each term in the first law of thermodynamics
(3 marks)
b. 10g of gas is adiabatically compressed by a piston that does 250 J of work. What is the change in temperature of the gas?  (specific heat of gas =   500   J kg-1 K-1 )												(3 marks)
c. A gas absorbs 15 J of heat energy and performs 7 J of work by expanding. What is the change in internal energy of the gas?						(3 marks)
d. Calculate the change in entropy of 7 kg of water when it is heated reversibly from 20º C to 80 ºC      ( specific heat  = 4.2x 103 J kg-1 K-1 )				(6 marks)
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