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Abstract:

The nozzle performance of a small LRE for space propulsion was caleulated using chemical equilibrium and chemi

cal kinetic methods. For small LRE. kinetic loss is larger and nozele performance is closed to frozen state. Kinetic loss is mainly pro-

duced in the divergence area near throat. High area ratio tends to have larger kinetic losses.
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Fig.1 Profile of small LRE nozze
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Table 1 Reaction rate data for CHON system

Reaction A B E
H+ H+ M= H,+ M 6.4x 10" - 1.0 0.0
H+ OH+ M= H,0+ M 8.4x 107 - 2.0 0.0
0+ 0+ M= 02+ M 1.9x 10" 0.0 - 179
N+ O+ M= NO+ M 6.4 % 10" - 0.5 0.0
N+ N+ M= Na+ M 3.0x 10" 0.0 - 990
CO+ O+ M= CO»+ M 1.0x 10" 0.0 0.0
0+ H+ M= OH+ M 3.62x 10" - 1.0 0.0
0+ H= 0+ OH 2.2 % 10" 0.0 16 800
H:+ O= H+ OH 1.8x 10" 1.0 8 900
H,+ OH= H,0+ H 2.2% 10" 0.0 5150
OH+ OH= H,0+ 0 6.3x 107 0.0 1 000
CO+ OH= CO.+ H 1.5% 10 1.3 - 765
Na+ 0= NO+ N 7.6 % 10" 0.0 75 500
02+ NO= O+ NO; 6.4x 10* 1.0 6 250
CO+ 0= CO 2.5x% 10° 0.0 3 180
COx+ 0= CO+ O 1.7 % 10" 0.0 52 700

k= AT exp(— E/RT): in units of ml, K, mole
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Fig. 5 Vacuum thrust coefficient

with area ratio
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Table 2 Mole fraction of species

A/A, 40 60 80 100
co 12764 . 12763 . 12762 . 12761
CO;  .40103x 107" .40116% 107" .40124x 10" " . 40136 % 107"
H o .35683x 107" .35778x 107" .35826x 107" .35859x 10~
H, . 14648 . 14641 . 14638 . 14636
H,0 .33786 . 33794 . 33798 . 33800
N 93241 x 107 % .92001 x 107 % .91130% 10" % .90798 x 10" °
NO  .27600x 1072 .27600% 1072 .27600x 10~ % .27600% 10~ *
N, . 30495 . 30495 . 30495 . 30495
0 . 10436x 1077 .10385% 1077 . 10346 1077 . 10309 107 *
OH  .20034x 1077 .19879x 10" % .19327x 10~ > .18941x 107 *
0,  .13794x 107 .13888x 10°2 .13955x 10" > .14015x 10" 2

Fig. 6 Vacuum I, with area ratio
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Fig. 7 Kinetic loss efficiencies

with area ratio
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