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Exercise 14.

• Compressible flow!
– Density variations in the flow (at Ma > 0.3)

• Mach number: 
Ma = 𝑉𝑉

𝑎𝑎

𝑎𝑎 = 𝛾𝛾𝛾𝛾𝛾𝛾 Eq. (9.16), speed of sound

�
Ma < 1 → Subsonic
Ma = 1 → Sonic
Ma > 1 → Supersonic
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Exercise 14.

• Perfect gas
– Most gases at moderate pressure and temperature (not steam!)
– 𝐶𝐶v = Const., and 𝐶𝐶p = Const.
– Perfect gas law holds 𝑝𝑝 = 𝜌𝜌𝜌𝜌𝜌𝜌
– Changes in internal energy �𝑢𝑢 and enthalpy ℎ with constant specific heat as:

�
d�𝑢𝑢 = 𝐶𝐶vd𝑇𝑇 ⟺ ∫�𝑢𝑢1

�𝑢𝑢2 d�𝑢𝑢 = ∫𝑇𝑇1
𝑇𝑇2 𝐶𝐶vd𝑇𝑇 ⇒ Δ�𝑢𝑢 = 𝐶𝐶vΔ𝑇𝑇 (internal energy)

dℎ = 𝐶𝐶pd𝑇𝑇 ⟺ ∫ℎ1
ℎ2 dℎ = ∫𝑇𝑇1

𝑇𝑇2 𝐶𝐶pd𝑇𝑇 ⇒ Δℎ = 𝐶𝐶pΔ𝑇𝑇 enthalpy
Eq. (9.5)

• Common assumptions:
– Adiabatic process: No heat transfer
– Isentropic process: No losses (no entropy changes Δ𝑠𝑠 = 0)
→ 𝑝𝑝2

𝑝𝑝1
= 𝑇𝑇2

𝑇𝑇1

𝛾𝛾/(𝛾𝛾−1)
= 𝜌𝜌2

𝜌𝜌1

𝛾𝛾
Eq. (9.9)
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Exercise 16.

• Total/stagnation properties
– Isentropic (imaginary) retardation of the flow velocity

𝑝𝑝0 = 𝑝𝑝 + 𝜌𝜌𝑉𝑉2

2

ℎ0 = ℎ + 𝑉𝑉2

2
Eq. (9.22)

𝑇𝑇0 = 𝑇𝑇 + 𝑉𝑉2

2𝐶𝐶p
Eq. (9.23)

• Can rewrite the total properties to (isentropic) Mach number relations
𝑇𝑇0
𝑇𝑇

= 1 + 1
2
𝛾𝛾 − 1 Ma2 Eq. (9.26), with

𝑝𝑝0
𝑝𝑝

= 𝑇𝑇0
𝑇𝑇

𝛾𝛾/(𝛾𝛾−1)
Eq. (9.28a), and   𝜌𝜌0

𝜌𝜌
= 𝑇𝑇0

𝑇𝑇

1/(𝛾𝛾−1)
Eq. (9.28b)
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𝑀𝑀 = 2.04
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𝑀𝑀 = +3𝑀𝑀 = 2
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𝑀𝑀 = 25
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