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note that the velocl y i a vy
and the area ratio are infinitely large. Fo, : Cuyp,

the pressure ratio i .
a‘tPhigh altitudes, not too much additional exhaust velocis Cketg
ncreasing the exit area ratio above 1000. In addition, the des(;an

i the weight of nozzles with large area ratios make thej; appli
. 3

sign a nozzle for an ideal rocket that has to operate at
d give a 5000 N thrust at a chamber pressure of 2 (g3 MP:
chamber temperature of 2800 K. Assuming that | — 1.30
, determine the throat area, exit area, throat velocity, and

). The pressure ratio is

; = 0.002549/2.068 = 0.001232 = 1/811.3

he Atmosphere

Pressure Ratio Density (kg/m’)
1.0000 1.2250
8.8700 x 10! 1.1117
6.6919 x 10! 9.0912 x 107!
53313 x 10! 76312 x 107!
2.6151 x 10! 4.1351 x 107!
2.5158 x 102 4.0084 x 1072
7.8735 x 10~4 1.0269 x 107°
2.0408 x 10°° 34861 x 107°
3.1593 x 1077 5.604 x 1077
1.2341 x 10°8 8152 x 1077
29997 x 10~° 1233 x 107°
8.3628 x 107 1° 2541 x 107*°
8.6557 x 10~ ! 1916 x 107"
1.4328 x 10! 2803 x 107"
8.1056 x 1013 2137 x 107"
74155 x 10~ 14 3.561 x 107

e : Ocennici and Atmospheric Administration, National Aeronautic
roree, Washington, D.C., 1976, NOAA-S/T-1562.
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critical -“-:fe?rrrf;iéi‘-:-:;f‘a‘;??]ff%‘ﬂj' Equation 3-20 is

~ p,=0.546 x 2.068 = 1.129 MPa

'1—|-

velocity from Equation 323 is

= \/ T 355.4 x 2800 = 1060 m/sec

f@und from Equation 3-15 and Figure 3-2 using a

" 2x130
. .\ .130_1

355.4 x 2800 x 0.7869 = 2605 m/sec

Iso __,ﬂﬁ‘:_i_"’wh from the throat velocity and Figure 3—5. The
sumptic on for optimum expansion conditions is

.--_,—---

1= Ffo, = 5000/2605 = 1.919 kg/sec
e at L ;ﬁ;tr_ance to the nozzle equals
= 5 4 x 2800/(2.068 x 10°) = 0.481 m?/kg
d ex uu the specific volumes are obtained from Equations
1, ;_r; -—1)

—— | —0481(

| .-'I.-f'

2.3

1/0.3
: ) = 0.766 m3/kg

‘%4811(2'0 68/0.002549)°- 7692 = 83.15 m?/kg

iroat and exit sections and the nozzle area ratio 4,/A4, are

-- E = 1919 x 0.766/1060 = 13.87 cm?
v j—- ll 919 x 83.15/2605 = 612.5 cm?
e 612 5/13.87 = 44.16

0 ,t,,:.;; u dlrectly from Figure 3-S5 for k = 1.30 and
e;rature 1s given by

T\(po/p)* #ﬂk = 2800(0.002549/2.068)°-23°7 — 597 K
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