ACDA 5015 Exam Solutions:
 
Q1:
  
a.  
For frame of ref moving with shock front we can use steady state form of Euler’s first equation to  give 
ρ2u2 = ρ1u1  where ρ and u are density and velocity either side of shock.
								(2 marks)
b. First calculate D from  linear relationship:
D= 1.45 + 1.99*0.5  = 2.445 km s-1
Use Hugoniot equation for momentum to  determine p2:
(P2 – P1)= ρ1D .u2               where p1 is zero
   
 		P2  = 1.22 GPa							(3 Marks)
 
Use Hugoniot equation for mass conservation to determine ρ2 and hence specific volume :
[bookmark: _Hlk89001275]ρ1D = ρ2(D-u2 )      
		
ρ2   = ρ1D/(D-u2 )       = 1000*2445/1945 = 1257..07 kg m-3 
 
		Hence 1/ ρ2   = 7.96x10-4  m3 kg-1					( 3marks)
 

c. I’m looking for the essential features of the Hugoniot curve:
Marks awarded for correct labelling of axes, correct shape of curve, CJ points labelled and pre and post thermodynamic states  with Rayleigh lines shown. (marks for detonation  and deflag regimes given in (d) 
[image: ]											(3 marks)




		



d. [image: ]Rayleigh line equation given in formula sheet.







											(4 marks)
	Q2		
a. I’m looking for a statement along the lines that each stress component is a linear combination of all the strain components.			(3 marks)
b. Constitutive equation in formula sheet. 
i. Students need to identify stiffness matrix and evaluate as below.							(3 marks)
ii.  σxx     = 4.62 e10  Pa					(4 marks)
c. 
i. The deviatoric stress matrix is found by subtracting the hydrostatic stress value from each diagonal term in the stress matrix. (3 marks)
ii. The deviatoric stress matrix relates to  the shear behaviour of the material.						  (2 marks)




[image: ]


Q3: 
	
(a)   PV = nRT     so that n = PV/RT     = 2.5E6*0.4/(8.31*313.16) = 384.27 moles	(3 marks)
(b) 
i. P1 = 5e06 Pa    V1 = 0.2 m3   V2 = 0.15 m3   so that P2 = P1V1/V2  = 6.67MPa. 	
 (3 marks)
ii. ϒ = Cp/Cv = 1.4         . Let new pressure be P3.

Adiabatic :  P3V1 ϒ    =P2V2 ϒ  
P3/P2 = (V2/V1) ϒ
Log(P3/P2) = ϒLog(V2/V1)
P3 = P2 exp(ϒLog(V2/V1) ) =  5e06   * 0.8395   = 4.20 MPa. 		(4 marks)
iii. 
PV= nRT applies for ideal gas. Adiabatic change of state can be reexpressed as 
P3/P2  = (V2/V1) ϒ    =(T3P2/T2P3) ϒ  
Log (P3/P2)  = ϒLog(T3P2/T2P3) 
T3P2/T2P3 = Exp( 1/ ϒ  *Log(P3/P2) ) = exp(-0.054) = 0.947 
So that T3 = T2P3/P2  * 0.947   = 252* 0.947   = 238.73 K			(5 marks)
Q4
a. dQ   heat energy supplied TO  system
dU = increase in internal energy of system
dW = work done BY system					(3 marks)
b. dQ = mCdT  + dW
0 = 0.010 * 500 * dT – 250 
dT = 250/(0.010*500) = 50 K					(3 marks)
c. 15 = dU +7
dU = 8 J								(3 marks)

d. dS  =  =   = mC log(353.16/293.16)
dS = 5.47 kJ K-1	 to 2 DP						(6 marks)
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The Rayleigh line relation is a criterion to identify regimes on the Hugoniot curve where
detonation and deflagration are possible

/ Possible solutions (p2, p2) to the Hugoniot equation lie on this curve.
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* Detonations:
* Supersonic combustion waves
* Velocity of order 2000 ms?

* Across a detonaltion ;he pressure increases i.e. p2> pl while the (specific) volume

decreases i.e.E <E => Regions | and Il on Hugoniot Curve

* Deflagrations:
* Subsonic combustion waves
* Velocity of order 1 — 100 ms™?

* Across a deflagratioy the pressure decreases i.e. p2 < p1 while the (specific) volume

increases i.e.E > P => Regions lll and IV on Hugoniot Curve

* Region V is impossible since we get imaginary
values for U,
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VALUES GIVEN

E 3.00E+11

ν 0.3

0.7 0.3 0.3 0 0 0

0.3 0.7 0.3 0 0 0

C multiplier 0.3 0.3 0.7 0 0 0

5.7692E+11 0 0 0 0.4 0 0

0 0 0 0 0.4 0

0 0 0 0 0 0.4

Stress vector Strain vector

σxx 4.0E+11 1.7E+11 1.7E+11 0.0E+00 0.0E+00 0.0E+00 0.05

σyy 1.7E+11 4.0E+11 1.7E+11 0.0E+00 0.0E+00 0.0E+00 0.1

σzz 1.7E+11 1.7E+11 4.0E+11 0.0E+00 0.0E+00 0.0E+00 0.05

σyz 0.0E+00 0.0E+00 0.0E+00 2.3E+11 0.0E+00 0.0E+00 0.2

σzx 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E+11 0.0E+00 0.1

σxy 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E+11 0.2

σxx 4.62E+10 Pa

STIFFNESS MATRIX


