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Abstract

Liquid rocket engines using liquefied natural gas (LNG) or methane as a fuel is known to have several good
characteristics, such as high specific impuise compared to other hydrocarbon fuels, environment-friendly exhaust
gas, low production cost, and re-usability with low soot generation in the cooling channel. In this study,
experimental combustion chambers capable of using LNG and CH, are being researched through experimental
firing tests, and within easy range of eyes’ inspection, there are the periodical existence of soot or discoloration
in the chamber wall surface. This result means that mixture ratio of oxidizer and fuel fluctuates periodically
between outer-row injectors in the mixing head in the circumferential direction. Therefore, based on this
phenomenon, the variation of mixture ratio near the chamber wall caused by the spill pattern of a shear coaxial
injector was analyzed quantitatively and the thermal heat flux into the cooling channel is modified. Then, the
calculated and modified results are compared with the measured ones.
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Fig.1 Soot formation and discoloration on the chamber wall.
Left) combustion chamber, Right) Igniter and plate of mixing head
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Fig. 2 Periodical variation of mixture ratio near chamber wall

A AN WHeet Wik L ol %o
A S s S, e
e FASA Aeel, R ddw ASd 23
of o AFAS AYAE vz Av 1

S
:&l!—}&
>, (o

255



o F£ 11 AT}, Giovanetti et al2 Soot GAo] W3 HAAH o
T& Fysiglon, gard Ade d5o ddgd 54
& Hotsln], HA7t2e] Aol A Soots] HAYe] 71 2
o AE 9Eu £ RP-1% X 2ol gist A din
FAGAFE AN AT Tamura et alS G A 9
dR{E£HS AS3NP o, Sootell 2T AL i e
A7 grhe 432 A Sugathan et al2 71 A4}
A FAE FHAR 3l 2PN AxAEE F3

o]

3} 2, Standard Bartz Equation®} Hess- Kunz 2342
g3t 1.D dald] Are dHul® AlS Aaielel dlm
F3RYC Ty, 4719 dFE £gste], AA=2
HHLEE JFse diEy 38 d7e d
HE AN FZA EFHY Fr|HU WES
i o, dFugons] s HYHLE
AGg BAFT glo, <ad >3 d4d U
gaggelnt WAy e dA4s AWEAe
=

, 2 =g

2]

™
o

2
l‘_’.oﬁ&o

r

YT @ SLOP s o o
O

202 o Uz

HECAETRVIEO
P

N, g rlob
rg Mo
B
= Sk Ty

of
=
s
o fio
ro -
o el
ol
Py
A
2 n
2 ot
2L ot
i =
of, L
rE
to o
X
14

ek

L4

1 94719 AN BRA

B dToA SR A8E Aavle <Oy % pe
P gee goz AR A4NAAYe w9
o, YAAZE B3 ApAATIEIL GRS GO
ALEE, JAEY 2 ALMEY B9 AnAYe] U
FHas 2 92 BAo] ASIES REHH] Qo
o, mgEvitie] A AT QA Yol sbsehd, ¥ A
FAAE AEIA FAFADG. FAA RANLDA
QAL J1e] Arsh Ao WHA ol HAgsm
gl AEEFo] A

Amtrorl Croumstance

ro
r
2 B

>

i

o 1 : Gas Passage
1 2 : Mixing Head
3 : Igniter

4 : Cylinder

5 : Nozzle

Fig.4 Schematic of measuring systems. (TC : Thermocouple,
Pcc : Pressure Gauge)

Table 1. Fire test results. (Temperature[C], Pressure[ Mpal,
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Mass Flowrate[ kg/s])
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1 246 3.66 16.5 219 10.3 13.96 353
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3 2.55 7.61 34.1 25.1 104 13.87 499
4 3.09 7.11 316 25.6 10.2 13.92 49.1
5 342 7.74 35.6 26.7 11.8 14.96 535
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Fig.5 Variation of mixture ratio within a minimal symmetric
period in the circumferential direction.
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Fig.6 Temperature increase of coolant in the cooling channel
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Fig.7 Gas-side wall temperature in the circumferential direction. a)
not averaged(Arrow means maximum wall temperatures under the
test conditions.), b) near 3-point-averaged temperature.
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