comp 25

A rocket engine can be modeled as a reservoir of gas at high temperature feeding gas to a
convergent/divergent nozzle as shown in the figure below.
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For the questions below, assume the following:

1. The temperature in the reservoir is 3000 K.
2. The exhaust gases have the same properties as air: y=1.4, R=287 J/(kg-K).
3. The exit Mach number is 2.5.
4. The rocket operates at design conditions (no shock waves or expansion waves present) where the
surrounding pressure is 1*10° Pa.
5. The area of the exit is 1*10* m?,
Determine:

oo o

the temperature of the flow at the exit,
the pressure in the reservoir,

the throat area,

the mass flow rate out of the rocket,
the thrust produced by the rocket, and
sketch the process on a 7-s diagram.
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SOLUTION:

First determine the exit temperature using the adiabatic flow relation for stagnation temperature:

Eo(rezivay)' = )

0

using 7o = 3000 K, = 1.4, and Mag=2.5.

Now determine the pressure in the reservoir using the isentropic stagnation pressure relation:

&:(HVT‘IMa;)” = [po = 1.709*10° P4 ©)
Po
where pe = ps = 1*10° Pa (since the nozzle operates at design conditions, the exit pressure is equal to the
back pressure), y= 1.4, and Mag = 2.5.

The throat area may be found using the isentropic sonic area ratio:

A 1 (1+ZMa’ S .
2o [ 2 Ha“‘ = A" =Ar=3.79%¥10° m] (3)
A Ma, 1+ 5=

where Ae = 1*10* m?, y= 1.4, and Mag = 2.5. Note that since the flow starts from stagnation conditions
and is supersonic at the exit, the throat area must also be the sonic area.

The mass flow rate may be found by considering the conditions at the exit:
. p . _
m=p,V, A, = [R;E j(MaE,/yRTE J4, = [i=4776*10" kg 4)

where pr = pp=1*10° Pa, R = 287 J/(kg-K), Tz = 1333 K, Maz = 2.5, y= 1.4, and Az = 1.0*10 m>.

The thrust on the rocket may be found by applying the linear momentum equation in the x-direction on the
control volume shown below.
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where
di '[ u, pdV =0 (most of the rocket mass inside the CV remains stationary) (6)
ey
J.uX(pureldA):mVE:m(MaE V/}/RTE) (7)
(&
Fy =0 )
ES‘,X :F_pE.gageAE :F_(pE_patm)AE (9)

However, since the rocket is operating at design conditions, pz = ps = patm.
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Substitute and simplify.
F=ml,= m(MaE«/yRTE) -

where 7i1=4.776*10 kg/s, Maz = 2.5, y= 1.4, R = 287 J/(kg'’K), and Tz = 1333 K.
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