18 = FRIZE (K] H12#& H5& 2008. 10.

TFEEART] Aol E 2ANA A Z=a5 R

<
}_%i—* . H]-T,:ocﬂ)** . xqg_xq**

Development of Performance Analysis Program
for Gas Generator Cycle Rocket Engine

Won Kook Cho* -+ Soon Young Park** - Woo Seok Seol**

ABSTRACT

A performance analysis program has been developed for the gas generator cycle liquid rocket
engine. This program predicts the system performance with the performances of subsystems which are
evaluated by the models based on another analyses or experiments. The analysis method has been
validated by comparing the engine performance against the published conceptual design. The
performance models of the subsystems have been verified to give reasonable results by comparing
with the MC-1 engine design and the system analysis of 10 ton thrust engine. The system performance
of the 30 ton thrust rocket engine using LOx/Jet-Al has been presented as an application example.
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Fig. 1 Schematic of gas generator cycle liquid rocket
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read input data

‘ assume F__ , m_. ‘

=

‘ calculate material properties ‘

!

‘ calculate c* ‘

!

‘ calculate c; ‘

!

%‘ calculate m,. ‘

!

calculate turbine efficiency ‘

!

‘ calculate turbine power ‘

!

‘ calculate mg ‘

| T |

‘ update F_, ‘

Yes

end

Fig. 2 Flow chart of energy balance algorithm
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Table 1. Performance model

component | variable model remark
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Fig. 4 Comparison of vacuum specific impulse
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Table 2. Comparison of MC-1 performance

variable | present | SEQ[3] | MC-1[20] unit
Fv 284.41 283.26 | 284.41 kN
Isp,v 312.8 314.25 314 sec
m 92.69 91.90 924 kg/s
O/F 2.15 217 217 -
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

Table 3. Input parameters for 10 tf engine(10]

parameter
CC pressure, bar 60
CC mixture ratio 24
CC expansion ratio 50
GG chamber pressure, bar 60
oxidizer pump discharge pressure, bar 85
fuel pump discharge pressure, bar 125
turbine expansion ratio 12
turbine inlet temperature, K 890
turbine outlet pressure, bar 5

Table 4. Gas generator cycle performance

Jet-A1 | RP-1 |ref[10]
engine vacuum thrust, tf| 10.0 10.0 10.0
specific impulse, sec 316.5 | 317.2 311
mixture ratio 2.1 2.1 2.09

LOx flow rate, kg/s 2145 | 2140 | 224
Fuel flow rate, kg/s 10.14 | 10.12 10.7
GG mass flow rate, kg/s| 1.831 | 1.828 | 2.03
GG flow rate to total, % | 5.80 5.80 6.3
GG mixture ratio 0.31 0.31 0.31
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Table 5. Input parameters for 30 tf engine

parameter
engine vacuum thrust, tf 30
CC mixture ratio 24
c* efficiency, % 96
turbine inlet temperature, K 900
turbine outlet pressure, bar 3.2
turbine efficiency, % 50
LOx pump efficiency, % 70
minimum exit pressure, bar 0.4
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