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Performance Characteristic of GCH4-LOx Small Rocket Engine According

to Chamber Aspect ratio and Oxidizer Supply Pressure

Min Cheol Kim

Department of Mechanical Engineering, The Graduate School

Pukyong National University

Abstract

A ground hot-firing test was conducted to examine the performance
characteristics of gaseous methane and liquid oxygen bipropellant small
rocket engine. As a first step, the design factors necessary for designing
the thruster of methane/oxygen binary propulsion system were derived
through theoretical performance analysis. In order to investigate the
theoretical performance, the chemical reaction inside the combustion
chamber was assumed to be in equilibrium, and the NASA ‘s CEA code
was used. Since it is very costly to carry out the combustion test in a
high vacuum environment, the ground hot-firing test is conducted and then
the operating performance in a vacuum is inferred from the ground
performance. The supersonic nozzle was designed with an expansion ratio
of 50, but on the ground combustion test the bell-shaped nozzle of the
expansion ratio 3.2 was employed to minimize shock waves and flow
separation within the nozzle. Test equipments for performance evaluation
of GCH4/LOx thruster include a Thrust Measurement Rig (TMR), Coriolis
flow-meters, Data Acquisition and Control System (DACS), Flow Control

Valves (FCV’s) and sensors. Combustion chambers with aspect ratio



(AR=L.D.) 1.5, 1.8, and 2.1 were fabricated to observe the performance
change according to the AR at a fixed characteristic length of 1.71 m. The
nozzle was designed and manufactured by Rao’s construction. On the
ground firing-test, as the test condition LOx supply pressure increased
from 220 psia to 320 psia, the specific thrust and characteristic velocity
and their efficiency increased. It is noticeable that chamber aspect ratio is
not that influential in thrust performance at the similar chamber pressures:
this might be caused by the fixed chamber volume originating from the
fixed characteristic length as mentioned earlier, or by mixing
characteristics of the gaseous fuel and liquid oxidizer which have a severe
difference in mass diffusivity between the two. More scrutiny needs to be
made for this indefiniteness. Through the ground hot-firing test of a
thruster, we could obtain an operability of stable combustion as well as
acceptable performance data. Based on them, fundamental design
parameters and test procedures were established that will be used for an

optimization of 200 N-class GCHyLOx thruster.
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o] F 1A A3 ZA MR (bipropellant small rocket engine) 7H%rol] <A
200 N& 7] A v gt (gaseous methane, GCH,)/ < A2k 4 (liquid oxygen, LOx)
MErd Qxle] AAANEE Rt old wE FEH AsS Hrle)

g3 AV ewS FE=oetuA F3E AAALAE(ground firing-test)

Table 1. CH4/LOX engine development status

HD5 Main 19-22 321
NASA Morpheus
- RCE 0.02-0.07 -
New Glenn
Blue Origine BE-4 - 2,400 -
Vulcan
SA Aeon 1 1st 86.7(SL) 310
v Relativity Space| Aeon 1 Terran 1
2nd 100(SL) 360
Vacuum
Raptor 1st, 2nd 1700 356
SpaceX 2nd, 1st Starship
Raptor 1900 380+
on Mars
RD-190 1st 1,000 349
Riksha-0
NPO RD-185 2nd 179 378
Energomash RD-182 1st 900 353 .
Riksha-0,1,2
. RD-183 3rd 9.8 360
Russia
RD-0162 1st 2,215 356
Soyuz-5
RD-0124M 2nd 294 348
KBKhA
RD-0141 1 2,250 353 .
Urengoi
RD-0143A 2st 343 372
Snecma MX4000 Main 4,000 360 VOLGA
EU Avio Mira (M10) 3rd 98 362.3 Vega E[23]
DLR SE-12 Booster 4,152 348 LFBB
Ariane Group | Prometheus 1st 1000 - Ariane 6
Japan IHI LE-8 2nd 107 316 -
China LandSpace TQ-12 1ST 850 - -
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Table 2. Theoretical performance of 200 N-class GCH4/LOx small rocket

engine
Parameter Specification
Vacuum Ambient
Chamber pressure, P, 209 psia (=1.44 MPa)
Mixture ratio*,(O/F), ... 33
Total mass flow-rate, m, 54.7 g/s
Specific impulse, I, 3732 s 263.1 s
Thrust, F 200 N 136 N
Nozzle expansion ratio, & 50 3.2
'(O/F)stoich=4-o
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Table 3. Ground hot-firing test condition
Pressure (psia) Flow-rate (g/s)
A t *
Test No.  atio Siox, Chamber| LOx  GCH, OV e (gp (rs/s)
R, - m, my
A05 1.8 220 156.2  39.34  10.68 3.68 89.2  181.8  1494.2
A07 1.8 255 170.2 4370  10.52 4.15 99.9  187.8  1502.0
A08 1.8 320 199.1  52.33  10.50 498 120.8 1961  1516.2
A16 2.1 220 597 i . 43L_NWU 27 3.84 88.0  180.5 1460.5
A17 2.1 255 168.9  43.49  10.27 4.23 99.3  188.3  1503.5
A18 2.1 320 190.3  54.61  10.15 538  114.8 180.7 1405.8
A21 1.5 220 154.7  39.61  10.14 3.91 89.0 182.4  1487.6
A25 1.5 255 170.4  44.05  10.42 423  101.8  190.5 1496.5
A27 1.5 320 198.4  51.70  10.65 485 1206 1972 1522.8
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Fig. 23 Measurement uncertainty process
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SR FEARFE=F 1008 T3] 2 Fel22 student’s “t” tablel] A
v = = ZHASEAL, E9EE e AE e 77K Confidence Level, C.L.)
95.45%¢°l  F&ste xR k=22 Algstd SHAESE Us
vEagon 7t selnEe] 243 yeob @ o AEgRde yys
Table. 49 %A 3kt},
Table 4. Relative expanded uncertainty of each parameters
Relative expanded uncertainty, (95.45% C.L. k=2)
Test No. Mass flow-rate Mass flow-rate - Chamber
(LOx) (GCHy) pressure
m, my F P,
A05 +0.35% +1.15% +0.99% +0.54%
A07 +0.35% +1.31% +0.88% +0.51%
A08 +0.33% +1.13% +0.76 % +0.48%
Alé6 +0.35% +1.18% +1.10% +0.56%
Al17 +0.34% +1.09% +0.90% +0.52%
A18 +0.42% +1.95% +0.84% +0.50%
A21 +0.36% +1.27% +1.02% +0.55%
A25 +0.35% +1.03% +0.86% +0.52%
A27 +0.45% +1.77% +0.79% +0.48%
MFY 9 SdLme] BIE WS A wAN 24, wAY



Table 5. Correlation coefficient of parameter about performance at TN-

Al7
T(.’Ei, xJ) mo mf F PC
F 1 0.02858 0.0108 —-0.04456
mf 0.02858 1 0.06017 0.07559
m, 0.0108 0.06017 1 ~0.02286
P. —-0.04456 0.07559 -0.02286 1
86.9 94.8 102.7 110.6 3.7 74 11.1 14.8 39.2 42.0 448 47.6
- . 11106
' ".k\ . {1027
2. St -
B S 194.8
N
s N ) Pee;r§on's r=0.06017 ) 5 Pearson's r=0.0108,86.9
86.9 94.8 102.7 110.6 . 39.2 42.0 44.8 Adj R4ZF-§.00169
Thrust, N m f %7{_ ‘ L 1148
; - ’ﬂ"‘ # 1111
PR | ra B -
= e |74
\ i 137
L ) NN ) Pearson's r=0.02858
3.7 74 11.1 14.8 .
mass flow-rate, fuel mO |yos
1136
168
; ‘ : — 0
39.2 42.0 44.8 47.6

mass flow-rate, oxy

Fig. 24 Correlation coefficient of Iy, about performance at TN Al7
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Table 6. Expanded uncertainty of specific impulse and characteristic
velocity(95.45% C.L. k=2).

Specific impulse, Characteristic velocity,
Test No.

U Uly U Uly
A05 +1.91 s +1.05% +9.80 m/s +0.66%
A07 +1.80 s +0.96% +9.59 m/s +0.64%
A08 +1.63 s +0.83% +8.85 m/s +0.58%
A16 +2.09 s +1.16% +9.75 m/s +0.67%
A17 +1.82 s +0.97% +9.37 m/s +0.62%
A18 +1.73 s +0.96% +9.58 m/s +0.68%
A21 +1.98 s +1.09% +9.95 m/s +0.67%
A25 +1.76 s +0.93% +9.34 m/s +0.62%
A27 +1.82 s +0.92% +10.31 m/s +0.68%
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