Unsolved exercise problems from Compressible Fluid Flows (P. H. Oosthuizen, W. E. Carscallen)
Solution prepared by Sourabh Bhat (mail.spbhat@gmail.com)

1.12) In a hydrogen-powered rocket, hydrogen enters a nozzle at a very low velocity with a temperature and
pressure of 2000° C and 6.8 MPa, respectively. The pressure on the exit plane of the nozzle is equal to the ambient
pressure, which is 10kPa. If the required thrust is 10 MN, what hydrogen mass flow rate is required? The flow
through the nozzle can be assumed to be isentropic and the specific heat ratio of the hydrogen can be assumed to
be 1.4.
Solution:
Given: 7, = 1.4

Vi =0, Ty = Tp =2000°C = 2273K, p; = po = 6.8 MPa,

Pe = Pamb = 10kPa, Thrust = 10 MN
To calculate: hydrogen mass flow rate?
The schematic diagram of the problem description is shown in Fig. 1.
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Fig. 1: Schematic diagram for problem description

Using the molar mass of hydrogen as 1 = 2.016 kg/kmol and universal gas constant as R;, = 8314 J/kmol-K, the
gas constant of hydrogen can be calculated as,
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The heat capacity of hydrogen at constant pressure can be calculated as,
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Since the flow through the nozzle can be assumed to be isentropic,
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Po
T, = 2273 x (M) e = 352.623K
Using the conservation of energy equation,
cpTo=cpTe + V762
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2
14434 x 2273 = 14434 x 352.623 + V76

which can be solved for exit velocity as,

Ve = \/2 x (14434 x 2273 — 14434 x 352.623) = 7445.6325m/s .
Using the conservation of momentum, since the exit plane pressure is same as ambient,
Thrust = 1.V,

Therefore, the mass flow rate is,

I Thrust - 10 x 10°
7V, 74456325

i, = 1343.07kg/s
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