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Analysis of liquid and gaseous oxygen influence on

the combustion flow field of air heater

FENG Junhong, SHEN Chibing, ZHAO Fang
(Science and Technology on Scramjet Laboratory, National University of Defense Technology , Changsha 410073, China)

Abstract; The evaluation index, such as spray combustion, gas mixing and nozzle non-uniformity of air heater based on the combustor of

liquid rocket engine, was studied with numerical simulation. The difference between the injectors with ethanol/liquid oxygen/air and the injectors

with ethanol/gaseous oxygen/air in the combustion flow field was discussed and analyzed. Two cases were designed by changing the characteristic

length of combustor, and the performance of air heaters were investigated by numerical simulation. The results show that, the flame structure is

affected obviously by the phase of oxygen. The length of flame with liquid oxygen is larger than that of gaseous oxygen. More hot gas fills in the

recirculation zone in the forepart of combustor with gaseous oxygen case, which increases the gas temperature near the faceplate, and worsens the

thermal environment on the faceplate. The high quality flow field on the nozzle exit is obtained with the designed air heater. The characteristic

length of air heater with gaseous oxygen is at least a quarter less than that of air heater with liquid oxygen to keep the good uniformity of nozzle exit.

Key words: air heater; combustion; liquid oxygen; gaseous oxygen; numerical simulation
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Fig.2 Temperature contours in the air heater
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Fig.3 Vector of velocity in the head of chamber
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Tab.1 Mass fraction of each component

Mass fraction (% )

Region  Phase

0, co,  H,0 N,
LOX  0.352 0.013 0.008 0.627
: GOX  0.306 0.034 0.021 0.639
LOX  0.294 0.005 0.003 0.699
I GOX  0.269 0.012 0.007 0.713
0 LOX  0.308 0.002 0.001 0.689

GOX  0.307 0.011 0.007 0.675
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Fig.4 Gas temperature contour near the injector face
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Tab.2 The parameters of three cases

0 case 1 case 2 case 3
LOX L 0.6L° 0.8L°
GOX L’ 0.6L; 0.4L;

LT FLHEL WA O AR B R A AR
N X B LR THEX R Bl S 45
T case 1 FYPIFD T 548 H O B804, AP T
DU SR 73 AT Y 818 57, 4.0 DI il 25 A8 R T
20K, ATAL 0 BR S FIlA TN, X5
POPHRE AR, R LT AR 2 R =
RS = TR L0 JF B Lo SR ) vk
W v TR L0 (H E AR X TR K
AR R 25T 1 % 1) 25 1] DU AR UEBR 78 0 TR
B T PRIIE T i Ags H 7 o

B 6 25 T case 2 PAP ALY H 1SR 401
Mgk, Al A ol TR b K 1 4 J, WA 0 i)
M ) TR A 28, T AR L AL A L R
BIEIPERCOR oA 5] o 32 i TR AL TE R
MIREE R BE S, AR RE 7 0 M TR 5 1T B4 DA

1900~

1880 —a— 10X

i —a— GOX

1820F

Total temperature/K
%
N
[e)

—
0
o]
(=]
T

1780F

| 1 1 1 1 "
1760 0.06

0 00l 002 003 004 005
Radial location on the outlet of air heater

PSR R A TR AT (case 1)
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