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Abstract

The pintle injector has many advantages in the key characteristics of a liquid rocket engine, such as
combustion stability, combustion efficiency, and wide range of comprehensive thrust control, design and
manufacture, and test fired under supercritical conditions. The pintle injector is manufactured with a
rectangular, single-row orifice for thrust control and production considerations. In order to verify the
combustion performance of the pintle injector and its potential as a commercial injector, the combustion
characteristics were analyzed by varying the TMR (Total Momentum Ratio) and BF (Blockage Factor). The
result of the hot firing test showed that the heat flux increased as TMR increased, and it confirmed that the
characteristic velocity efficiency was more affected by BF than TMR. Suppose a single-row pintle injector
with efficiency characteristics insensitive to changes in TMR can achieve high efficiency at low fuel
differential pressure conditions. In that case, the variable pintle injector’s design flexibility can be increase.
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Table 1 Combustion Chamber Specification

Specification Value
Chamber Pressure 70 bara
Mixture ratio 2.45
Total mass flow rate 4.34 kg/s
Nozzle throat diameter 37.09 mm
Vacuum thrust 1.5 tonf
Chamber contraction ratio 4.5
Characteristic length 1539.4 mm
Nozzle expansion ratio 10
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Fig. 2 1st pintle injector geometry

Table 2 Specification of pintle injector and annulus ring

Pintle PO1 P02 P03
AR 12.8 9.9 8.3
Orifice (ea) 17 22 26
BF (%) 26 33 40

Annulus ring AMO1 AMOZ2 AMO3

(TMR) (0.72) (0.87) (1.02)
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nCx
88.92
88.84
88.88
91.66
91.63
91.67
91.18
90.59
90.03

TMR
0.92
0.92
1.12
0.90
0.98
1.16
0.93
0.96

tl, Fig. 3¢l =213 <
1.17

L

Fu

Heat Flux
(MW/m2)
16.33
14.81
14.04
11.44
9.78
9.17
7.97
6.66
5.77

Pc
(bara)

Table 3 Total momentum ratio vs nC by pintle
67.38

66.63
68.27
68.33
67.50
67.28

68.10
67.55

| Aol ola) o] 7o}
67.01

b
OFR
2.56
2.47
2.49
2.55
2.47
2.49
2.53
2.46
2.48

FCR
(kg/s)
0.17
0.16
0.14
0.17
0.17
0.14
0.18
0.16
0.15

MFR
(kg/s)
4.51
4.52
4.47
4.45
4.43
4.40
4.47
4.44
4.46

LOx
(kg/s)
3.24
3.22
3.19
3.20
3.15
3.14
3.21
3.16
3.17

Fuel
(kg/s)
1.10
1.15
1.15
1.08
1.11
1.12
1.08
1.12
1.14

Annulus
AMO1
AMO2
AMO3
AMO1
AMO2
AMO3
AMO1
AMO2
AMO3

Pintle
PO1
P02
P03
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Fig. 4 Total momentum ratio vs nC by pintle
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Table 4 Total momentum ratio vs nC~ by annulus

. MFR FCR Pc Heat Flux TMR

Pintle  Annulus (kg/s) (kg/s) OFR (bara) (MW/m2) R nCx ragne

PO1 451 0.17 257 67.04 16.33 0.92 88.94 0.015

P02 AMOI1 4.46 0.17 2.57 68.31 11.54 0.91 91.55

PO3 4.47 0.19 2.52 68.32 7.43 0.91 91.13  *0.015

PO1 453 0.16 251 67.55 15.12 0.95 88.92 0.055

PO2  AMO2 4.42 0.17 2.43 67.86 9.60 0.96 91.53

PO3 4.43 0.15 2.48 67.33 6.59 0.95 90.56 0015

PO1 450 0.14 254 66.92 11.46 1.17 88.95 155

PO2  AMO3 4.39 0.13 2.49 67.37 9.03 1.14 91.46

PO3 4.46 0.15 2.44 67.25 5.68 1.16 g9.92  F0.015
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