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An Experimental and Analytical Study on Spray Flow Field
by Liquid/Gas Coaxial Injector Elements

(3) Application for the Combustion Performance Prediction
Model of LO, /LH, rocket Combustors

Nobuyuki YATSUYANAGI

ABSTRACT

An analytical computing model for performing LO,/LH, rocket combustor
performance analysis was derived by using the results of former studies of spray flow
field characteristics of Liquid/Gas coaxial injector elements. The each process of liquid
atomization, mixing of liquid phase to gas phase and vaporization of liquid droplets are
the combustion controlling model.

In formulating the analytical combustion model, the combustion zone was
subdivided into a series of two discrete zones along the axis of the combustion chamber.
At the region immediately adjacent to the propellant injector, the flow is characterized
by the behavior of the spray jet from the injector elements. And after each spray jet
interactes with each other, the flow is assumed almost one dimensional except for the -
mass flux distribution of liquid droplets. For the first region, spray flow field
characteristics which were obtained in former studies by the author were applied in
modifing the confined spray jet characteristics.

By this analytical model, the calculation of combustion gas parameters and liquid
droplets histories along the chamber axis, the prediction of C* efficiencies and the
calculation of heat flux distribution were performed for sub-scaled combustors and
actual rocket engines such.as the RL-10, LE-5 and HM-7.

The predicted C* efficiencies were almost within +2%, compared to the values
obtained from experiments. The calculated heat flux values were also in close agreement
with values obtained from experiments.
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be:] B ;AS;; RIIJ\?EEZ case 1 |{( case 2 | case 3
" 13 = A
- 1 5 2= [-2(18x Vv A/b) -
b2 5 )24 6. 18
XKFEFE®RHSEE K 145. 1
£ % % £ 0. 968 — — —
LOX B O & d,; mm 1. 66 -
H, BRONE dgo mm 3.59 3.47 3.31 3.16
. RE dgn mm 2.66
LOX®EHEE vy, m’s 18.9
H ” u m’s 240. 8 283. 7 361. 2 482.2
BEHRE I ugolug, 12.7 15.0 19.1 25.5
LOX é 1.0 1.0 1.0 1.0
B B8 B & 4T K —231 —188 ~ 141 —128
410ss vap 0 0 0 0
41085 mix 0. 033 0. 027 0.020 0.018
1 e aicmd:l—dlossm 0. 967 0.973 0. 980 0.982
—Alossmi;(
(2) LOXMHEEEEZLIIHS
CASE
pr:] B % R?\?ZZZ case 1 case 2 case 3
R 8 £ A
v § H 25 I-208xv 2}
& ¥y jad 6.18
XK EZFR A EE K 145. 1
£ % c B E 0. 968 — — —
LOX & O & d; mm 1. 66 2.35 2.03 1. 80
H, B O A & dg, mm 3.59
r RE dg mm 2.66
LOXBHEE uyp m/s 18.9 9.4 12.7 16. 1
H, " ugo m/s 240. 8
BHERE N uglui, 12.7 25.5 19.1 15.0
LOX %u% x 1.0 1.0 1.0 1.0
B 6 B & 47 K —231 —57 —172 —157
AlOSS vap 0 0 0 0
41085, mix 0. 033 0. 008 0.010 0.023
7%, Micwd:]-moss“p 0. 967 0. 992 0. 990 0.977
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CASE
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£ % c* % E 0. 968 — — —_ — ~
LOX HO®& d; mm 1. 66
H, ® OAR& dg,o mm 3.59
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LOX M H EE uyq ms 18.9
H, P ug m/s 240. 8 113.5 189. 1 283.7 361. 2 482. 2
S EE H ug/ws 12.7 6 10 15 19.1 25.5
LOX #* % 2 1.0 0.9795| 1.0 1.0 1.0 1.0
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calculation
(base RN 275)
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biz] B CASE base RN 275 case 1 case 2 case 3
B ~
REE=ZEEED mm 66 58 52 44
F AT E X mm 98 147 185 268
B o5 K cm 73 -
UG T - 5. 56 4.29 3. 45 2. 47
<4 3] 2 I-2(18x v AV }) -
LOX &% B % 0. 9635 0. 9962 1.0 1.0
B & H & 4T K — 231 —139 —129 — 142
41oss,vap 0. 0365 0. 0038 0 0
41088, mix 0. 033 0. 0199 0. 0184 0. 0202
7 predicted — 1 —41088vap 0. 931 0. 976 0.982 0. 980
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11 BUERE- BiEKERor sy b LV U VEER
(| & B ff | RL10A-3-3xv2V HM-7xv oYV LE-5x» v
# h (AEZE) kg { 6,680 6,120 10, 500
BREERE 7 (I 85 0%) [kg/ ot abs 27. 75 30. 0 36.8
B 6 k 5. 06 5.0 5.5
LOX W =& kg/s 12.77 11. 59 19. 84
LH, " kg/s 2.52 2.32 3. 61
KRB FIIRE mm 261. 6 180. 240
v Ao— g mm 130. 6 116. 7 136
J X B O mm 986 930. 5 1609
BREERHEK em 98. 3 58. 84
ro IR B 4.02 2.38 3.1
r BRI 57. 1 63.5 140
WmH B R X Fl#E 216TL 4> b | F#A 90T L A~ b | E#E 127, 208TL 4V +
LOXHEHBE K 96 94
H, " K 190 122 120
£% % x 0. 986 0. 978 ~ 0. 987 0. 96 ~ 0. 98
« BHRBRE COBREEMS
72 HEPEEHBFHIT, THE
HM-7 LE-5
| B # fI| RL 10-3-3 " "
type A type E* | 127xL 4V F|208TL 4 ¢+
w5 K [5] & &Y
RV S 216 90 90 127 208
HHh/ vy b H kg { 30.9 68 68 78.7 48.1
LOX ™ O & d; mm 2.01 2.9 4.0 3.3 2.5
H, 8 0 A & dg, | mm 4.88 6. 2 5.2 5.89 4.63
” N & dg, | mm 4.01 4.2 4.2 4.3 3.5
LOX®OY) + ZPE# », | mm 0 0.9 2.5 3.3 2.5
LOX®™ O # @ & 4, | mm? 685 594 1131 1086 1021
H, " A | mm? 1097 1470 1911 1616 1500
WoOm KR 44, 1. 60 2.47 1. 69 1. 49 1. 47
LOX®E ORA 0 B 0 0 =] 0 0
H, " 0, B 0 A 0 Z:] <]
LOX " 5 E K 4, | M 16. 3 17. 1 9.2 15.3 17. 1
H, ” ” m’s 558 273 604 305. 6 343
R B ou, uy, 34.2 16 65. 7 20 20
LOX B4 FHNE 4, 7 331. 7 696. 2 473.5 779.7 589.8
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