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ABSTRACT

As the interest in lunar exploration increases, a throttleable engine is regarded as a important
technology. Variable area injectors have been identified to be the most reliable throttling method.
Pintle injector is a representative injector of the variable method. It has a simple design and inherent
combustion stability. Therefore, it is necessary to research the pintle injector. The present study
investigates the concept of the injector, the design factors, and the latest development trends for pintle

injector design.
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Fig. 4 Schematic of two-line holes.
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Table 1. TR202 engine specifications.
Propellants
Range(kN)

Engine Cycle
Mixture Ratio
Throttle Range(%)
Vacuum Thrust
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Fig. 6 Injector hardware.
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Table 2. Details of baseline pintle Injector.

Table 3. Injector design parameters.

Fuel Injection Velocity(m/s) 14.35 Full Thrust Fuel Flow Rate(kg/s) 2
Ox Injection Velocity(m/s) 8.66 Full Thrust Ox Flow Rate(kg/s) 5.59
Pintle Diameter(cm) 0.95 TMR 0.5601
# of Primary Pintle Holes 16 Pintle Diameter(cm) 4.318
# of Secondary Pintle Holes 16 # of Primary Pintle Holes 20
Primary Hole Diameter(cm) 0.058 # of Secondary Pintle Holes 20
Secondary Hole Diameter(cm) 0.038 Primary/Secondary Hole Area 2
Aspect Ratio of Hole 2 Primary Hole Diameter(cm) 0.245
BE 05 Secondary Hole Diameter(cm) 0.173
L (cm) 114 Aspect Ratio of Hole 2
Skip Distance(cm) 1.2 BF 0.6165
Annular Gap Distance(cm) 0.0558 L (cm) 3.886
Skip Distance(cm) 0.9
PAE 54 FE(0)9 dad B =2 FF
How HAE F e SAAQ WFH()S FY3tH Tk BAZ] ¢4 217 MPa EE 1 9]
FA 3 Bastdnk. WA TMRE AS, i 3t fFASIHA F8E 578 kN-18.68 kN <]
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Fig. 9 Fire test of one of the new Merlin 1D
engines at Space-X's Rocket Development
Facility in McGregor.
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Fig. 13 Schematic of combustor.
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Fig. 18 Canted slit type pintle injector.

Table 4. Specification of pintle injector.

Propellant Kerosene LOX
Flow Rate(g/s) 88 194
Pressure Drop(MPa) 0.514 0.15
BF 1
# of Slits 12
Slit Width(mm) 3.14
Slit Height(mm) 0.387
Pintle Diameter(mm) 12
Skip Distance 1
TMR 1
st
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Fig. 19 Soot patterns in combustion chamber.
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