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Figure 4- Widening of Spray Cone Angle due to Flashing
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Figure 5- Dispersion Angle and Spray Cone Angle in an Annular Injector
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Table 1- Continuous Phase Conditions for Time Scale Identification

Property Value
Fluid Type Air
Temperature 90K
Pressure 0.1 bar
Excess Oxygen Content 0% (constant)
Velocity 0 m/s
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Table 2- Discrete Phase Conditions for Time Scale Identification

Property Value
Fluid Type LOX
Temperature 90 K
Boiling Temperature @ 0.1 bar 728K
Superheat 172K
Droplet Diameter 16 um
Droplet Density 0.428 kg/m3
Droplet Velocity 20 m/s (constant)
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Figure 6- Time scales in Flashing and non-Flashing Conditions
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Figure 7- Droplet Evaporation Process during first 10 ms
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Table 3- Injection Properties in Verification of Method

Property Value
Injection Type Solid Cone
Injection Material LOX
Injection Velocity 20 m/s
Injection Distribution Model Rosin - Rammler
Min Diameter (um) 10
Max Diameter (um) 20
Mean Diameter (um) 16
ngmd 8
Particle per Parcel Release Method Constant
No. of Particle per Parcel 100
Injection Mass Flow 55 g/s
Injection Temperature 90 K
Spray Angle 50 deg
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Figure 8- Results of Verification
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Figure 9- Parametric Dimentions of Combustion Chamber
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Figure 10- Meshing of Combustion Chamber
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Figure 11- Mesh Independence Study
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Figure 12- Temporal Variation of Droplet Diameter at Nozzle Exit
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Figure 13- Temporal Development of Spray Droplets within Chamber with Diameter Contours (in m) at 0.3, 3, 9, 18 & 27 ms
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Figure 14- Droplet Temperature along the Chamber Axis at 0.3 ms
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Figure 15- Temporal Development of Spray Droplets within Chamber with Temperature Contours (in K) at 0.3, 3, 9, 18 & 27 ms
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Figure 16- Temporal Variation of Continuum Phase Maximum Pressure on Chamber Axis
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Figure 17- Variation of Continuum Phase Pressure along Chamber Axis at various instants
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Figure 18- Continuum Phase Pressure Contours (in Pa) in Chamber at 3, 9, 15, 21, 24 & 27 ms
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Figure 19- Variation of Continuum Phase Temperature (in K) along Chamber at Different Instants
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Figure 20- Continuum Phase Temperature Contours (in K) in Chamber at 0.3, 3, 9, 18 & 27ms
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Figure 21- Temporal Variation of Continuum Phase Temperature at Throat
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Figure 22- Temporal Variation of Continuum Phase Maximum Velocity at Throat
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Figure 23- Temporal Variation of Continuum Phase Velocity on Chamber Axis at 12T Axial Position
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In this study, the evaporation of liquid oxidizer inside a combustion chamber during engine start-up in a low-
pressure environment is numerically investigated. In thruster starting stage, first, a portion of oxidizer which
has been evaporated inside the injector capillaries fills the void inside the combustion chamber and causes a
pressure rise (up to 0.2 bars). This makes the injection of oxidizer as fluid possible and now the evaporation
rate can be investigated. In the investigated thruster the mass flow of injected liquid is 3 grams per second
and the type of injector is pressure-swirl. Numerical simulation in this study is based on an Eulerian-
Lagrangian method known as Discrete Phase Method (DPM), which investigates the interaction of two
phases using Navier-Stokes Equations. A verification is done to support the results of the method used in
order to obtain quantitative variables essential to this study. The tendency of fluids to reach a stable state after
an abrupt process of flashing is visible in the results of this study. After a small period of time around 20
milliseconds a stable temperature around 264 kelvins is reached which causes a stable pressure of 7 kPa in the
combustion chamber.

Keywords: Flash evaporation, Combustion chamber, Hypergolic Oxidizer, Pressure-Swirl injector, Transient
thermal numerical simulation
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