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Energy Balance Analysis of 30 t Thrust Level Liquid Rocket Engine
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Abstract: An energy balance analysis is conducted for a 30 t thrust level liquid rocket engine. The relations
between thrust and combustion pressure, between thrust and propellant flow rate, and between combustion
pressure and fuel pump pressure rise are compared against those indicated by a published database of the
existing rocket engines. A combustion pressure higher than the old design value is obtained, implying that the
present design is high-performance oriented. The thrust to propellant flow rate ratio is the same as that of the
existing engines, indicating that the specific impulse performance is at the usual level. The fuel pump
pressure rise is found to be slightly high when the combustion pressure is considered, and it is attributed to
the pressure budget of the present ground test engine not being optimized.
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Fig. 1 Schematic of gas generator cycle liquid
rocket engine

Fig. 2 Algorithm of energy balance analysis
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Table 1 Performance models"”
Component Variable Model
Po flp, T)
Propellant
P Pr f ( T)
c* CEA, equilibrium
Combustion Cf CEA, equilibrium
Chamber Mo empirical, f(p,)
Nef empirical, f(e)
Nor empirical
Turbopump Npp empirical
Nrg empirical
G T empirical, f(p(,m O/F)
as ..
Generator lj emplrlcal," flO/F)
Valves Ap empirical’ f(p(r:)

Table 2 Comparison of performance for MC-1

Variable Present SEQ(S) MC-1%9 Unit
F, 284.41 283.26 284.41 kN
Ep, 312.8 314.25 314 sec
m 92.69 91.90 92.4 kg/s
O/F 2.15 2.17 2.17 -
mgg 3.50 3.23 3.22 kg/s
TIT 860.3 844.41 888.6 K
Dth 0.214 0.210 0.220 m
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Table 3 System analysis for design point

Parameter Unit | =AY (383z%2A
Vacuum thrust tf NA 27.7
Vacuum specific impulse sec NA 297.7
Engine O/F - 2.23 2.20
CC O/F - 2474 2.44

LOx mass flow rate kg/s 63.58 63.95
Fuel mass flow rate kg/s 28.54 29.15
GG mass flow rate kg/s 4.202 4.31
LOx pump pressure rise bar 83.55 84.56

Fuel pump pressure rise bar 140.49 145.35

GG O/F 0.300 0.2954
Turbine inlet temperature K 909 900
c* m/s NA 1710

cf - NA 1.764

Al2=g) siAe] G ABALFE] Hs B
2o Aol @edtt e A5 Y FA
o ML THS VIR o s R
2AMNZ PEFA Hw afo A Rde] &
A gHeh. Table 12 ¥ AFo 4] AFR3H A HA A
ge] e mds vEch

NASAS] #H]& A &A1 MC-1(+ Fastrac)'”
B zrade Joo 78 AEE A

>

ut
o

8 Wi Whe 3 E + AU SEQE
I R ISR L
hyA

ut

™ o] oA ¥} Aol 7t
2RAY7] ol FaEdel Hlske] @ol

o] @b ofuth A
Aol A e whe th2r] uEd s ww
o B Flay] PANE A A A
Hol olFolMol @tk B ATl AHEEHE A

wye B Q7w F48 @Al 3
Ao 2AOZ so @ Aot Axy] wE
mo) H70] A4 AR o] vjake] 2 3
AR o T 4 AT FA

of o



16

o]

» LOX/RP-1
14F & LOxX/LH2
Foo N204/A50 (or UH25) LE-Z.~

12F S
ok %7 HME0
r A\t 4
[ present

Pc (MPa)

g LR91  5.C LR87
6 o - = T

o AT G asig
LHM7B g o Rs-27

L4~ LE-S H-1
I RL10A-3-3A .
0 500 7000 1500
F (KN)

Fig. 3 Thrust vs. combustion pressure
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Fig. 4 Thrust vs. propellant mass flow rate
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