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Design and Validation Test of Rocket Engine Head
Generating High Temperature and High Pressure Steam

Jinsoo Park* - Isang Yu* - Junghwa Oh* - Youngsung Ko*'
Kyungseok Kim** - Dongsun Shin**

ABSTRACT

In this study, cold flow and combustion tests are conducted and analyzed to validate designed
rocket engine head generating high temperature/pressure steam. At first, uni-injector was designed and
manufactured, and cold flow test was conducted. Through this, differential pressure that can supply
designed flow rate was confirmed. Also, Each injector’s spray pattern were confirmed by patternator.
Based on cold flow test results, we selected injectors among the candidates and arranged them on
engine head, and cold flow and propellant spray tests were conducted. Finally, combustion test was
carried out to analyze the flow rate, pressure, combustion efficiency. As a result, validation of rocket
engine head for the development of the high temperature and high pressure steam generator has been

completed.
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Table 1 Inlet Conditions of Heat Exchanger

Mass flow rate Pressure Temperature

0.96 kg/s 2.2 bar(a) 773 K

Table 2 Design Objective for Engine Head of

High Temperature-Pressure Generator

Chamber Pressure 20 bar(a)
Mass Fuel 163 g/s
Flow Rate | Oxidizer 1902 g/s
O/F 1.167
Chamber Temperature 2800 K
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Fig. 1 Section View & Product

of Designed Injector’

Table 3 Design Objective of Single Injector

Fuel Oxidizer
Type Co-Axial Swirl
Location Outer Inner
Mass Flow Rate 40.75g/s | 47.55¢g/s
Differential Pressure 10 bar
Spray angle 122° 78°

116° 105°

(a) Fuel (b) Oxidizer (c)Fuel+Oxidizer

Fig. 2 Spray angle of Single Injector
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(a) Oxidizer
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(c) Fuel +Oxidizer

Fig. 3 Visualization of Spray Distribution by

Patternator

Table 4 Results of Cold Test (Single Injector)

No. of Differential Pressure [bar]

Injector Fuel Oxidizer Remarks
#1 15.77 9.92 Fuel AP, High
# 2 11.25 9.90
# 3 11.14 10.11
# 4 10.79 9.89 EESLP!
#5 10.74 971 | (#5 TLHA)
# 6 11.23 9.81
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Fig. 4 Manufactured Engine-Head for High

Temperature, Pressure Generator

(a) Fuel

(b) Oxidizer  (c)Fuel+Oxidizer

Fig. 5 Cold-Flow Spray Test for Engine-Head

Table 5 Results of Cold Test (Engine Head)

Differential Pressure (AP)

Design Test
Fuel 10 bar 11.9 bar
Oxidizer 10 bar 9.9 bar
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Fig. 6 Section View of Assembled Part

for Validation Combustion Test

Table 6 Designed Value of Graphite Nozzle

Mass Flow Rate 353.2¢g/s
Chamber Pressure 20 bara
Back Pressure 1 bara
Nozzle Throat Dia. 19.2 mm
Nozzle Exit Dia. 36.4 mm
Expansion Ratio 3.594
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Fig. 7 Propellant Spray Test (Ethanol / LOX)
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Mass FlowRate of LOX | 45
Chamber Pressure

300 | ‘ —— Mass Flow Rate of Ehanal |

LCx : 19358 g/s

Ethanol : 181.81 gis

Mass flow rate [g/s |
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Chamber pressure | barg |

Time [s]

Fig. 8 Mass Flow Rate and Chamber Pressure

on 5s Combustion Test
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Fig. 9 Validation Combustion Test of

Engine-Head

Table 7 Results of Combustion Test

Test Duration [sec] 5 10 10
o Fuel 19353 | 202.83 | 165.44
[8/s] | Oxidizer | 161.81 | 164.27 | 200.28
O/F 1196 | 1.235 | 1.211

Chamber Pressure
18.44 18.80 18.94

[bara]
Theory 1666.5 | 1677.7 | 1676.2
C*
Test 1510.1 | 1490.5 | 1502.5
[m/s]
1. [%] 90.62 88.84 89.64
100
s = C* Efficiency
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Fig. 10 C* Efficiency according to O/F ratio




7

o

A7E FEFYBAANLAL ] A

olH Ao, oo ZAEHUT

=

)
ald
1

X

®  Standard Pressure deviatlon:

1.24

19

@~ @ 0 w9 o
o o o o o o o

(o5) UONEIAGP BINSSald PIEPUEIS

OJF ratio

A A

v
AL

94, "HE

Fig. 11 Standard Pressure Deviation of Test

1

2183534 Vol.19, No. 4, pp. 83-93, 2015.

o

=

4. &

2. AAA, 254, 349, “Helical-tube EFY Q]

E{Rlnj 7] 7+l

FFAA 9

s3] =E3, pp. 683-691,

ol
T
.ZT
oy
ol
Ho
el

i

2012.11.

#RAYH A

Aot AZAHE AT

A
=

!

, W, A =718 7

A A
<3 =83, pp. 721-724, 2011.11.

A 2
%7

oju
o

o

&}
of

2F

R
0
o

ol
oS

E

i

)
oF

i
—_
ﬂy\ﬂo

Jo

BN
e

o

b
i

e

3, pp. 1184-1187, 2016.12.

=}
EL

)

Ak e

AA b 2

_i'_
BARstel dusy) §rEde

Al AP ool

f

w
oy

35

=
=

il

o

Ho
=

i

)

Aanl 75 5 oA 29 A7,

F 7

&F

3

5

&5 O
En]—é‘

Jd AT

23

SEEP

2

=03 =3, 20145, pp57-61

&}
of

— 642 —





