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Q1. Define the terms (i) calorically perfect gas and (ii) thermally perfect gas. (02) 

Q2. Isentropic flow of air takes place through a nozzle with an exit flow velocity of 270 

m/s and temperature of 35oC. Determine the Mach number and stagnation 

temperature at the nozzle exit. Also, determine the Mach number at a location where 

the temperature is 70 oC. 

(04) 

Q3. 
Prove that for a stationary normal shock wave, the total pressure across the normal 

shock wave must decrease. 

(03) 

 

 

Q4. Air at stagnation pressure and stagnation temperature of 100 kPa and 330 K, 

respectively, enters a tube with a mass flow rate of 0.06 kg/s. The static pressure of 

the air is 90 kPa. Determine the tube diameter for the above mass flow rate. Also, 

determine what should be the tube diameter to maintain the same mass flow rate 

through the tube of length 10 m. Consider, f=0.004 in 4f*L/D. 

(05) 

Q5. Describe whether isentropic compression should be preferred or the shock wave 

compression and why? 

(02) 

Q6. For a given Prandtl-Meyer expansion the upstream Mach number is 2 and the 

pressure ratio across the shock wave is 0.6. Determine the angles of forward and 

rearward Mach lines of the expansion fan relative to the free-stream direction. 

(04) 

Q7. Prove that the supersonic flow decelerates in a converging nozzle. (03) 

Q8. Air from a reservoir at 8.5 atm and 60oC is discharged through a convergent-

divergent nozzle. The jet issuing from the nozzle exerts a thrust of 9 kN. Considering 

the back pressure of 1 atm, determine the nozzle throat and exit areas and Mach 

number of the jet issuing from the nozzle. Assume the flow through the nozzle to be 

isentropic and correctly expanded. 

(04) 

Q9. Describe the significance of substantial derivative and write the expression for the 

substantial derivative of velocity. 

(02) 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data may be suitably assumed. 

 Stepwise answer carries marks. 

 Draw a neat sketch wherever necessary. 
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Q10. Describe the significance of improved compressibility correction. (03) 

Q11. With a neat sketch describe the region of influence and domain of dependence for 

supersonic flows. Does domain of dependence depend upon region of influence? 

(03) 

Q12. What do you mean by characteristic line in case of supersonic flows? Explain the 

importance of initial data line and describe the unit process to obtain the flow 

condition at the wall point. 

(04) 

Q13. For hypersonic flows, show that the shock wave angle is 20% higher than the wedge 

angle for a specific heat ratio of 1.4. 

(03) 

Q14. Explain the significance of Newtonian theory for hypersonic flows. Consider a flat 

plate kept at an angle of θ in hypersonic flow. Show the variation in lift coefficient, 

drag coefficient and lift-to-drag ratio at various angles of attack. 

(04) 

Q15. With a neat sketch describe the working principle of Laser Doppler Anemometer 

(LDA). Also, explain how the turbulence intensity is computed from the velocity 

data of LDA. 

(04) 

 

 

 

  



Formula Book - Gas Dynamics AAE 3158 (Vth Aero) 

1. Compressible Flow  

1.1 Compressibility of the fluid 

τ = −
1

𝜐

𝑑𝜐

𝑑𝜌
 

 - density of fluid 

 – volume of the fluid  

1.2 Basic thermodynamic equation 

𝑃2

𝑃1
= (

𝜌2

𝜌1
)
𝛾

= (
𝑇2

𝑇1
)

𝛾
(𝛾−1)

 

P- Pressure 

 - density of fluid 

T-temperature 

- gas constant 

2. One Dimensional Flow  

2.1 1D Continuity equation 

𝜌1𝑢1 = 𝜌2𝑢2 
2.2 1D Momentum equation 

𝑃1 + 𝜌1𝑢1
2 = 𝑃2 + 𝜌2𝑢2

2 
2.3 1D Energy equation 

ℎ1 +
𝑢1

2

2
+ 𝑞 = ℎ2 +

𝑢2
2

2
 

 - density of fluid 

u-velocity of the fluid 

P-pressure of the fluid 

h-enthalpy 

q – heat added 

2.4 Speed of sound 

𝑎 = √(
𝜕𝑝

𝜕𝜌
)
𝑠

= √
𝜈

𝜏𝑠
 

 - density of fluid 

P-pressure of the fluid 

 – volume of the fluid 

 - compressibility of the fluid 

2.5 Isentropic relations 
𝑇0

𝑇
= 1 +

𝛾 − 1

2
𝑀2 

𝑃0

𝑃
= (1 +

𝛾 − 1

2
𝑀2)

𝛾
𝛾−1

 

𝜌0

𝜌
= (1 +

𝛾 − 1

2
𝑀2)

1
𝛾−1

 

 - density of fluid 

T0-total temperature 

T – temperature 

P0 – total pressure 

P – pressure 

0 – total density of fluid 

- gas constant 

 

2.6 Relation between characteristic and total parameters 

(
𝑎∗

𝑎0
)
2

=
𝑇∗

𝑇0
=

2

𝛾 + 1
 

𝑀2 =
2

[
(𝛾 + 1)

𝑀∗2 ] − (𝛾 − 1)
 

a* - characteristic speed of 

sound 

a0 – total speed of sound 

M* - characteristic mach 

number 

M – local Mach number 

2.7 Normal shock relation 

𝑀2
2 =

1 + [(𝛾 − 1)/2]𝑀1
2

𝛾𝑀1
2 − (𝛾 − 1)/2

 

M2 – downstream Mach number 

M1 – upstream Mach number 

- gas constant 

 

2.8 Hugoniot equation 

𝑒2 − 𝑒1 =
𝑃1 + 𝑃2

2
(𝜈1 − 𝜈2) 

e – internal energy 

P – pressure 

 – volume of the fluid 

 

2.9 Rayleigh equations 

𝑃2

𝑃1
=

1 + 𝛾𝑀1
2

1 + 𝛾𝑀2
2 

𝑇2

𝑇1
= (

1 + 𝛾𝑀1
2

1 + 𝛾𝑀2
2)

2

(
𝑀2

𝑀1
)
2

 

𝜌2

𝜌1
= (

1 + 𝛾𝑀2
2

1 + 𝛾𝑀1
2) (

𝑀1

𝑀2
)
2

 

M2 – downstream Mach number 

M1 – upstream Mach number 

- gas constant 

P – pressure 

T – temperature 

 - density of fluid 

𝑓 ̅– friction coefficient 

L* - reference length 

 



2.10 Fanno equations 

𝑃2

𝑃1
 =

𝑀1

𝑀2
[
2 + (𝛾 − 1)𝑀1

2

2 + (𝛾 − 1)𝑀2
2]

1/2

 

𝑇2

𝑇1
=

2 + (𝛾 − 1)𝑀1
2

2 + (𝛾 − 1)𝑀2
2 

𝜌2

𝜌1
=

𝑀1

𝑀2
[
2 + (𝛾 − 1)𝑀1

2

2 + (𝛾 − 1)𝑀2
2]

1/2

 

4𝑓̅𝐿∗

𝐷
=

1 − 𝑀2

𝛾𝑀2
+

𝛾 + 1

2𝛾
𝑙𝑛 [

(𝛾 + 1)𝑀2

2 + (𝛾 − 1)𝑀2
] 

 

 

3. Oblique Shock waves  

3.1 Mach angle 

𝜇 =  𝑠𝑖𝑛−1
1

𝑀
 

 - Mach angle 

M – local Mach number 

3.2 Theta-beta-M- relation 

𝑡𝑎𝑛𝜃 = 2 cot𝛽 [
𝑀1

2𝑠𝑖𝑛2𝛽 − 1

𝑀1
2(𝛾 + 𝑐𝑜𝑠2𝛽) + 2

] 

 - deflection angle 

 - wave angle 

M1 – inflow Mach number 

3.3 Prandtl-Meyer Expansion wave equation 

𝑑𝜃 = √𝑀2 − 1
𝑑𝑉

𝑉
 

𝜐(𝑀) = √
𝛾 + 1

𝛾 − 1
𝑡𝑎𝑛−1√

𝛾 − 1

𝛾 + 1
(𝑀2 − 1)

− 𝑡𝑎𝑛−1√𝑀2 − 1 

𝜃2 = 𝜐(𝑀2) − 𝜐(𝑀1) 

 

 - deflection angle 

M – local Mach number 

- gas constant 

𝜐(𝑀) – Prandtl-Meyer function 

4. Quasi one dimensional flow  

4.1 Area Velocity relation 
𝑑𝐴

𝐴
= (𝑀2 − 1)

𝑑𝑢

𝑢
 

A – Area 

M – Mach number 

u - velocity 

4.2 Area Mach number relation 

(
𝐴

𝐴∗
)
2

=
1

𝑀2 [
2

𝛾 + 1
(1 +

𝛾 − 1

2
𝑀2)]

(𝛾+1)
(𝛾−1)

 

A – Area 

A* - Characteristic area 

M – Mach number 

- gas constant 

 

5. Differential conservation equations for inviscid flow  

5.1 Substantial derivative 
𝐷

𝐷𝑡
≡

𝜕

𝜕𝑡
+ 𝑢

𝜕

𝜕𝑥
+ 𝜐

𝜕

𝜕𝑦
+ 𝑤

𝜕

𝜕𝑧
=

𝜕

𝜕𝑡
+ (∇ ∙ 𝑉) 

V - velocity 

5.2 Continuity equation 
𝐷𝜌

𝐷𝑡
+ 𝜌∇ ∙ 𝑉 = 0 

5.3 Momentum equation 

 

𝜌
𝐷𝑉

𝐷𝑡
= −∇𝑝 + 𝜌𝑓 

5.4 Energy equation 

 

𝜌
𝐷𝑒

𝐷𝑡
= −𝑝∇ ∙ 𝑉 + 𝜌𝑞̇ 

V – velocity 

 - density of fluid 

f – body force per unit mass 

e – internal energy 

q – heat added  

p - pressure 



  

5.5 Crocco’s theorem 

𝑇∇𝑠 = ∇ℎ0 − 𝑉 × (∇ × 𝑉) 

s – entropy 

T – temperature 

ho – total enthalpy 

V - velocity 

6. General conservation equations  

6.1 Euler equation 

𝑑𝑝 = −𝜌𝑉𝑑𝑉 

 

V – velocity 

 - density of fluid 

 

6.2 Velocity potential equation 

(1 −
Φ𝑥

2

𝑎2 )Φ𝑥𝑥 + (1 −
Φ𝑦

2

𝑎2 )Φ𝑦𝑦 + (1 −
Φ𝑧

2

𝑎2 )Φ𝑧𝑧

−
2Φ𝑥Φ𝑦

𝑎2
Φ𝑥𝑦 −

2Φ𝑥Φ𝑧

𝑎2
Φ𝑥𝑧

−
2Φ𝑦Φ𝑧

𝑎2
Φ𝑦𝑧 = 0 

x, y, z – velocity potential 

along x, y and z direction 

 

xx, yy, zz – 2nd derivative of 

velocity potential along x, y and 

z direction 

a – speed of sound 

6.3 Speed of sound 

𝑎2 = 𝑎0
2 −

𝛾 − 1

2
(Φ𝑥

2 + Φ𝑦
2 + Φ𝑧

2) 

x, y, z – velocity potential 

along x, y and z direction 

a – speed of sound 

a0 – total speed of sound 

- gas constant 

 

7. Linearized Flow  

7.1 Linearized perturbation velocity potential equation  

(1 − 𝑀∞
2 )

𝜕2𝜙

𝜕𝑥2
+

𝜕2𝜙

𝜕𝑦2
+

𝜕2𝜙

𝜕𝑧2
= 0 

 - velocity potential 

M∞ - free stream Mach number 

7.2 Pressure coefficient  

𝐶𝑝 =
2

𝛾𝑀∞
2 (

𝑃

𝑃∞
− 1) 

Cp – coefficient of pressure 

M∞ - free stream Mach number 

P – local pressure 

P∞ - free stream pressure 

7.3 Linearized Pressure coefficient 

Cp = −
2𝑢!

𝑉∞
 

u! – perturbed velocity along x-

axis 

V∞ - free stream velocity 

7.4 Prandtl – Glauert relation 

𝐶𝑝 =
𝐶𝑝0

√1 − 𝑀∞
2

 

M∞ - free stream Mach number 

Cp0 – incompressible pressure 

coefficient 

7.5 Laitone relation 

𝐶𝑝 = −
𝐶𝑝0

√1 − 𝑀∞
2 + [

𝑀∞
2 (1 +

𝛾 − 1
2 𝑀∞

2 )

2√1 − 𝑀∞
2

]𝐶𝑝0

 

7.6 Karman Tsien relation 

𝐶𝑝 = −
𝐶𝑝0

√1 − 𝑀∞
2 + [

𝑀∞
2

1 + √1 − 𝑀∞
2
] 𝐶𝑝0/2

 

 

Cp0 – incompressible pressure 

coefficient 

M∞ - free stream Mach number 

- gas constant 

 

7.7 Linearized supersonic flow 

𝐶𝑝 =
2𝜃

√𝑀∞
2 − 1

 

M∞ - free stream Mach number 

 - deflection angle 

 

7.8 Critical coefficient of Pressure Mccr – critical Mach number 



𝐶𝑝.𝑐𝑟 = 
2

𝛾𝑀𝑐𝑟
2

[
 
 
 

(
1 +

𝛾 − 1
2

𝑀𝑐𝑟
2

1 +
𝛾 − 1

2

)

𝛾
𝛾−1

− 1

]
 
 
 

 

- gas constant 

 

8. Numerical techniques  

8.1 Characteristic line 

 

(
𝑑𝑦

𝑑𝑥
)
𝑐ℎ𝑎𝑟

= tan (𝜃 ± 𝜇) 

 - deflection angle 

 - Mach angle 

 

8.2 Compatibility equation 

𝑑𝜃 = ±√𝑀2 − 1
𝑑𝑉

𝑉
 

V – velocity 

M – Mach number 

8.3 Compatibility equations along streamlines 
𝑑𝑝

𝜌𝑉2𝑡𝑎𝑛𝜇
± 𝑑𝜃 +

𝑗 𝑠𝑖𝑛𝜃 𝑠𝑖𝑛𝜇 𝑑𝑦

sin(𝜃 ± 𝜇) 𝑦
= 0 

dp – pressure variation 

 - density of fluid 

 - deflection angle 

 - Mach angle 

y - distance 

 












































