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ABSTRACT

In this study, the program for system analysis of an expander cycle rocket engine using liquid
hydrogen as a fuel was developed. The properties of hydrogen were considered by the ratio of
isomers with temperature. The analysis procedure was established with the open and closed
types of the expander cycle engine and the simulation methods were suggested for each
component. To validation of the analysis program, we compared the performance of the engine
operating point and the analysis results performed overseas for Vinci and SE-21D, which are
expander cycle engines. As a result of the analysis, the main performance factors of the system,
such as the mass flow of the propellant, specific thrust, and power, except for some of the

inaccurate input information, showed high accuracy with an error of around 1-2%.
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¢ : Characteristic velocity (m/s)
D : Diameter (m)

F : Thrust (N)

g : Gravitational acceleration (m/s?
h : Specific enthalpy (kJ/kg)

1 : Length (m)

L : Power (N)

m : Mass flow rate (kg/s)

N : Revolution per minute (rad/s)
P : Pressure (Pa)

R : Gas constant (J/K/mol)

s : Specific entropy (kJ/K/kg)

T : Temperature (K)

TIT  : Turbine inlet temperature (K)
I : Pressure ratio

r : Specific heat ratio

€ : Area ratio

n : Efficiency

p : Density (kg/m”)

Subscripts

c : Combustion

e : Exit

FP  : Fuel pump

FT  : Fuel turbine

in : Inlet

n : Nozzle

OP : Oxygen pump
OT : Oxygen turbine

p : Pump
t : Throat
vac  : Vacuum
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Table 1. Density and enthalpy with temperature.

Density | Enthalpy
T(K) Parameter 3
(kg/m’) | (J/kg)
H, 79.298 106.88
21 p-H, 79.298 106.88
o-H, 79.260 105.66
H, 5.7845 5458.8
400 p-H, 5.7831 5990.2
o0-H, 5.7850 5288.7
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Fig. 1 Flow schematic for Vinci engine.
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Fig. 2 Flow schematic for SE-21D engine.
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Fig. 3 Flow chart of system analysis for
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Table 2. Initial values for Vinci engine system analysis.

Variable Unit Value Ref.

" e kN 180 [19]

P, bar 61 [19]

€ - 240 [19]

OlF - 5.81 [19]
Nyp rpm 91000 [19,21]
Nyp rpm 18800 [19,21]

TIT K 245 [21]

., - 2 [21]

,, - 1.2 [21]
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Table 3. Design features of valve.

Engine | Valve Type Diameter(in)
MFV 5
Butterfly
MOV 2
Vinci
FTIV P . 4
oppe
OTIV PP 4
MFV 10
Butterfly
MOV
SE-21D
FTIV P .
oppe
OTIV PP 4
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Fig. 4 Flow chart of system analysis for
SE-21D engine.

Table 4. Initial values for SE-21D engine system

analysis.
Variable Unit Value Ref.
T kN 2196.7 [10]
P bar 66.49 [10]
€ - 125 [10]
O/F - 55 [10]
Nyp rpm 50000 [34]
Nyp rpm 17000 [34]
TIT K 506.5 [10]
L, oor bar 3 [10]
P, pp bar 3 [10]
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Table 5. Analysis results of combustion chamber in

Table 7. Analysis results of turbine in Vinci.

Vinci.
Unit Ref. Present | Error
Unit Ref. Present Error [21,23] | Result (%)
[19,35] | Result | (%) My 49 5.21 6.33
m | kg/s | 3950 | 39.69 0.48 o ke/s 307 | 2238
L i dos | 4625 | 052 Porr 190 | 1777 | -647
l m 2.85 2.98 456 o MPa 92 588 48
D. m 215 213 | 093 Lo 25 | 2504 | 016
MW
Table 6. Analysis results of pump in Vinci. Loy 0.39 0.335 -14.10
Unit Ref. Present | Error Irr - - 822 -
[19,21] | Result | (%) for - : -
ijP ke/s 5.80 5.83 0.52 Table 8. Analysis results of combustion Chamber in
mpp 3370 | 33.86 0.47 SE-21D.
F, mp MPa 224 21.73 -2.99 Unit Ref. Present Error
Py 8.1 7.83 333 [10] | Result (%)
Ly MW 2.5 2.48 -0.80 m kg/s 539.29 541.96 0.50
Lop 0.39 0331 | -15.13 I, s 4102 | 4082 | -049
Nep - 0.66 . 1, m . 1.89 -
Nop ) - 0.68 - D, m 1741 | 1737 | -0.23
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3.2 SE-21D Engine

SE-21D <1xe] Alz=®"l & AxE FFE
Table 8-11¢ YERH} o, DLRe LRP2 =
a9s B3 aME A vastHh

LRP2 Z2#& ALvl2ol EXXE o]
X
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Table 9. Analysis results of fuel pump in SE-21D.

) Ref. Present | Error
Unit
[10] Result (%)
My 93.68 91.29 2,55
: kg/s
Mgy 16.39 13.75 -16.11
P, 8.75 8.749 -0.01
,FPL MPa
P, iy 12.11 12.00 -0.91
Tin | o 2944 | 30.08 217
T, re 32.38 35.10 8.40
Ly, MW 15.44 15.53 -0.58
Lypy 1.01 0.98 -2.97
Nrpy 0.7 0.678 -3.14
Npp 0.75 0.641 -14.53
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Table 10. Analysis results of oxidizer pump in SE-21D.

. Ref. Present | Error
Unit

[10] Result (%)

mop | kg/s | 45632 | 45858 | 0.50

F. or MPa 8.75 8.80 0.57

T op K 92.83 93.77 1.01
Ly, | MW | 432 4.95 14.58
Nop - 0.76 0.67 -11.84

Table 11. Analysis results of turbine in SE-21D.

Unit Ref. Present Error
ni
[10] Result (%)
My 8.06 5.93 -26.43
' ke/s 211 1.97 6.64
mor . . -6.
B, 8.32 0.12
Piﬁ MPa 8:31 833 0.24
in,OT . .
T oy 31650 | -14.39
— 1 K 369.7
T or 33594 | -9.13
Ly MW 16.62 16.68 0.36
Loy 436 5.00 14.68
n 0.619 37.56
. Ter | 045
Nor 0.557 23.78
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