Physics Exam 13/01/2022
Name: Andrew R Hurley
Student no. 1906810
Start time: 10:00
-------------------------------------------------------------------------------------------------------------------------------------
Q1 a) For a frame of reference moving with the shock front, using the steady state form from Eulers first equation; ρ1u1 = ρ2u2  	ρ = density and u = velocity; on both sides of the shock 
Q1 b) D = a + bu
D = 1450ms-1 + (1.99 * 500ms-1)
D = 2445ms-1
P1 = 0, 	u1 = 0, 	ρ1 = 1000kgm-3, u2 = 500ms-1
ρ1u1 = 1000 * 0,  ρ1u1 = 0
ρ2u2 = ρ1u1 == 0, ρ2u2 = 0 * 500ms-1 
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The Rayleigh lines on a Hugoniot curve help identify different regions where deflagration and detonation are possible.  u12 =  
Q1 d)
Detonations:
- Velocity inline with or above 2000ms-1
- Supersonic combustion waves
- Across a detonation the pressure increases whilst the volume decreases
- Regions 1 and 2 on the Hugoniot Curve
Deflagration:
- Velocity in line with 1 – 100ms-1
- Subsonic combustion waves
- Across a deflagration the pressure decreases whilst the volume increases
- Regions 3 and 4 on the Hugoniot Curve
------------------------------------------------------------------------------------------------------------------------------------
Q2 a) In cauchy’s expression of the 3D constitutive equation each stress component is a linear combination of all the individual stress components. 
Q2 b) 
E = 300GPa 
v = 0.3
σxx					0.7	0.3	0.3	0	0	0	εxx
σyy					0.3	0.7	0.3	0	0	0	εyy
σzz	=    300GPa / (1+0.3)(1-2v)	0.3	0.3	0.7	0	0	0	εzz
σxy	=    5.77x1011			0	0	0	0.4	0	0	εxy
σyz					0	0	0	0	0.4	0	εyz
σxz					0	0	0	0	0	0.4	εxz

Q2 c)
The Deviatoric stress matrix = subtracting the hydrostatic stress value from each diagonal term in the stress matrix
Q2 d) it represents 
-----------------------------------------------------------------------------------------------------------------------------------


Q3 a)
PV = nRT
2.5MPa * 0.4 = n * 8.31 * 313.15 
960,000 = n * 2602.28
n = 368.91 mol
Q3 bi)
P1V1 = 5MPa * 0.2m3
P1V1 = 1000000
P2 = 1000000/0.15
P2  = 6.67MPa 
Q3 bii)
γ = Cp/Cv
γ = 1.4
P3V1γ =P2V2γ
P3/P2 = (V2/V1)γ 
P3/6.67MPa = (0.15/0.2)1.4
P3 = 6.67MPa*0.66848
P3 = 4.46MPa
Q3 biii)
T = PV/nR,	P3/P2 = (T3P2/T2P3)γ
ln(P3/P2) = γln(T3P2/T2P3); 	T3P2/T2P3 = e1/γ * ln(P3/P2)
T3P2/T2P3 = e5/7 * -0.4025
T3P2/T2P3 = e-0.2875
T3P2/T2P3 = 0.7501
T3*6.67MPa / 300K*4.46MPa
T3*6.67MPa / 1.338x109
T3 = 200.60K


Q4 a)
δQ   heat energy supplied to a system
δU = increase in internal energy of a system
δW = work done by a system		
Q4 b) 
δQ = mCδT  + δW
0 = 0.01 * 500 * δΤ – 250
δΤ = 250/(0.01*500) 
δΤ = 50K
Q4 c)
15 = δU + 7
δU = 15J – 7J
δU = 8J

Q4 d)
20oC = 293.15K
80oC = 353.15K
δS = integral 353.15 (upper), 293.15(lower) δQ/T 
δS = integral 353.15 (upper), 293.15(lower) mC/T δt
δS = m * C * ln(353.15/293.15)
δS = 7kg * 4.2x103 * ln(1.20467)
δS = 5.47 kJK-1
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