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An Experimental Study of the Spray Characteristics for an
Oxidizer-rich Preburner Injector
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Abstract

The spray characteristics of the oxidizer-rich preburner are investigated. This system is generally operated at an oxidizer-
fuel mixture ratio of 50. The spray quality and mixing performance are very important for safe combustion. To know the
spray characteristics of the oxidizer-rich preburner, we have designed various swirl injectors and measured droplet velocity
and size by the PDPA system. The flow discharge coefficient of the fuel orifice is 0.12~0.21, oxidizer orifice discharge coef-
ficient is 0.16~0.28. From the spray visualization, fuel nozzle spray angle is 15°~25°, oxidizer nozzle spray angle is 65°~85°
and combined spray angle is reduced 2°~5° compared to the oxidizer nozzle only case. From the PDPA measurement, droplet
SMD is 175 pm at 50 mm and 190 um at 100 mm of variant 1 combined case. The number concentration measurement
revealed the reason of the droplet diameter increasement with distance. That is due to drop coalescence results from collision
of drops which is occurred in dense sprays at a long distance from nozzle orifice exit.
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PDPA  :Phase Doppler Particle Analyzer
ORPB  : Oxidizer-rich Preburner

Dy : Fuel Orifice Diameter [mm)]

DY, : Oxidizer Orifice Diameter [mm]
Dy : Fuel Nozzle Diameter [mm]

Dy, : Oxidizer Nozzle Diameter [mm]
AP : Pressure Drop [kgf/cm?]
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F25010 : Fuel 25 kgf/cm?, Oxidizer 10 kgf/cm?

SMD : Sauter Mean Diameter [pm]
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Table 1 Design Specifications of the ORPB injector
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Table 2 Design parameters of ORPB injectors

Variant 1 2 3

Specifications Des.lgn RD-170 ~
Point Dy (mm) 0.5 0.45 04
Pressure 240 bar | 512 bar D°, (mm) 14 12 1.0
Total mass flow rate | 265 kg/s | 1672 kg/s -
Number of injectors 254 254 No. of Oxidizer Orifice 8 7l
Mixture ratio(O/F) 70 52 No. of Fuel Orifice 4 71
Prebumer| Oxidizer Orifice flow | 1o || 36 kg Slot Area (mm?) 21 % 2.1
rate per mnjector
idi i Number of Slot 87

Oxidizer skirt flow | e 105 | 5.44 keys . !
;atelpgr 1njeitor D} (mm) 1.67

uel flow rate -
per injector 0.015 kg/s| 0.13 kg/s DY, (mm) 55
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Fig. 2 PDPA system
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Table 3 Experimental conditions (Fuel+Oxidizer)

unit : kgf/cm?
Fuel Pressure 25 25 25
Oxidizer Pressure 5 10 15
Pryei—Poxidizer 20 15 10
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Fig. 3 Measuring points of PDPA
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