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ABSTRACT

This paper presents the design and cold flow test results of oxidizer-rich preburner injectors for a 9
tonf-class staged combustion engine cycle. Three types of coaxial swirl injectors were designed, and 12
injectors were designed for each type. The diameters of the fuel tangential holes are identical. The
diameters of the oxidizer tangential holes were varied to investigate the influence of combustion in the
oxidizer-rich preburner according to the momentum ratio of the gas oxidizer generated from combustion in
the injector chamber and liquid oxidizer through the cooling channel. It will be verified through a
powerpack and combustion test using an oxidizer-rich preburner. In the cold flow test, the fuel flow rate

and oxidizer tangential hole flow rate reached the target value based on the designed differential pressure.
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Table 1. Requirements of 9 tonf-class staged combustion

engine cycle.
Design Point Values

Chamber Pressure(MPa) 10
O/F Ratio 2.5
Total Flow Rate(kg/s) 24
- Oxidizer Flow Rate(kg/s) 17
- Fuel Flow Rate(kg/s) 7

Combustion Isp at Vacuum(s) 355
ER (Expansion Ratio) 120

Table 2. Requirements of oxidizer rich preburner.

Design Point Values
Chamber Pressure (MPa) 21
O/F Ratio 60
Core O/F ratio 14
Outlet Temperature (K) 688
Core Temperature(K) 2290
Total Flow Rate (kg/s) 17
- Fuel Flow Rate (kg/s) 0.3
- Oxidizer Flow Rate (kg/s) 17
- Cooling Oxidizer Flow Rate (kg/s) 13




54

o - =y - s -

Tangential
Passages
~)

W

' \
A" Vortex Chamber  Casing

Fig. 1 Schematic of swirl injector.
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Fig. 2 Relation with G.C. and u, ¢, «.

Table 3. Main Design Parameters of Injector.

Per injector Fuel Oxidizer
m (g/s) (core O/F=14) 40 570
AP factor(AP/DP, %) 7 8

a () 9% 80

p (kg/m’) 797 (288K) | 1117 (97 K)

*DP : Design Point of combustion pressure in oxidizer-

rich preburner
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Table 4. Dimensions of designed injectors.

Type | A [ B]|C
Fuel

-Tangential hole diameter (mm) 0.7
Number of tangential hole (ca) 4
Oxidizer

Number of tangential hole (ca) 8

-Tangential hole diameter (D, mm) 1.6 16| 1.7

-Tangential passage length (L, mm) | 2.2 20| 26

-Nozzle diameter (mm) 8 75| 8

Oxidizer 2nd cooling channel

-width (1.5 mm) x height (mm) 2.2 ‘ 2.0

-Number of channel (ea) 12
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Fig. 4 Test rig for cold flow test of injector.
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Fig. 5 Results of cold flow test for tangential hole of
fuel injector.
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Fig. 7 Results of cold flow test for tangential hole
of oxidizer injectors.
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