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1. Hypergolic
2. Computational Fluid Dynamics (CFD)
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1. Perfectly Stirred Reactor
2. Injector
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1. Sauter Mean Diameter: SMD
2. Spalding

3. Grisson

4. Stechman
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Figure 1- Heat transfer modeling process, from hot gases to surrounding environment
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Figure 2- Axial combustion chamber discretization to multiple PSRs (from injector heat to begin of convergent nozzle)
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Figure 3- Species mass fraction updating process at PSR inlet
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Table 1- Geometry characteristic of Astrium bi-propellant thruster[25]

Parameter Symbol Dimension Value

Throat diameter Dth mm 4
Chamber diameter Dcc mm 10
Nozzle exit diameter De mm 52
Chamber length Lcc mm 31
Convergent length HH mm 9
Divergent length Ln mm 90
Divergent initial angle Ba Degree 23
Divergent end angle Bm Degree 10
Wall thickness - mm 2

1. Cantera
2. Frozen
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m
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Figure 4- Schematic of a bi-propellant thruster thrust chamber
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Figure 5- Schematic of a double swirl injector[32]
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Table 2- Dimensions of bi-propellant injector

Parameter Parameter Dimension Fuel Injector
Orifice diameter d mm 1.2 2.5
Swirl chamber diameter ds mm 3 5
Orifice length | mm 3 0.8
Swirl chamber length Is mm 3 0.3
Inlet channel No. N - 3 4
Inlet channel diameter dp mm 0.2 0.25
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Table 3- Simulation case study points due to code validation

m, SMD Fuel SMD Ox
Case | fgs | OF [um] [um]
M1 6 1.65 49.66 57.65
M2 7 1.65 45.62 52.96
M3 8 1.65 42.39 49.21
M4 9 1.65 39.73 46.13
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Figure 6- Thrust variation vurses total mass flow rate, comparison of simulation results with experimental data of Ref. [25]
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Figure 7- Combustion Chamber pressure variation vurses total mass flow rate, comparson of simulation results
with experimental data of Ref. [25]

[YOlaer yo (o520 gl b (g 3lwanls ol duwlio (50959 (29 w1 @l | aliiono jLid Wl gt -V L



VYR Gl ke o)l (@20 Jlo (3l 2ol § SO g cidghy - sole 4 25

A S 3 [VO] @2 e (228 @S b g ol arlone () aladzs o)lpd slod e sl oSV 5 (20 0
s 50 el pglS VYO Ll 1 Jlaie g 009 J36 o5glS 0 Les diiin g, 0 ,Uatil a5 b les .l o0 dulie
5009 (palS Yo b ulyg ol sl albass gloml 10 6 les (sles a5 Jol 8L 0,00 0g2g SL TV (go0e (g5lwacs
Slydad s ol LA GLzd O MMH . s sleo bl Los cpl ool oo 2al380 0lS FY - 4y (600 Lo O alsld o
Oyl JEE ST 5 098 o0 00sel (colid (65 SeS anb i g osls S5 ) mle ol 5 oo 0)l020 (59, 52 S g
e abaazes slal I (g dloe VA alols )5 mile wlid Culesyd 5 00l e o)lms (55, 5l S 50 a4 cale olid
38 3929 silwarcd gl ;o L oS pgn L WS (oo GRlB 4 £95D o)lns sles g 0l bl pgs (S 4 958 o0
S glo ol Gl 13 5 old 5 mlo phd ely po S alols oo 5l @l oS 253oe Sl (X = 21 mm)
Lol g oo pom L oloul g Uas 55, el g el oauis (g5l Joe Sligee ol coadiosls anwgi j138ls 5 o el casjls
18 0S5 b (cmlie Bl (53lutnd 5 (2,25 @l SIS Gl oe JS 50

1400

Smulation

1200

1000

800

TWall (K]

600

400

200

0 50 100
length [mm]
Figure 8- Comparison of wall temperature distribution simulation results with experimental data of Ref. [25] at i, = 7 gr/s
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Table 4- Code result validation error

Error [%] Pcc Thrust Wall Temp.
Mean 49 2.3 13.7
Max 7.1 6 30.2
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Table 5- Simulation data of injector dimension sensitivity analysis

Injector 1, F%ﬁ;g;‘gfe OX'dD'iZaenrqge“rf'm SMDFuel | SMDOx | Cone Angle
Dimension ™ o) [mm] [mmi [1n] [jm] [Degree]
ID-50% 7 06 125 22.81 26.48 975
ID-30% 7 0.84 175 31.94 37.07 100.67
ID-20% 7 0.96 2 365 4237 101.95
ID-10% 7 1.08 225 41.06 47.67 1031
ID0% 7 12 25 45.62 52.96 104.14
ID+10% 7 132 275 50.19 58.26 105.08
ID+20% 7 144 3 54.75 63.56 105.96
ID+30% 7 156 3.5 59.31 68.85 106.77
ID+50% 7 18 375 68.44 79.45 108.23
ID+100% 7 24 5 91.25 105.93 111.23
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Figure 9- (a) Fuel droplet diameter and (b) Oxidizer droplet diameter distribution in the axial direction of the thrust chamber
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Investigation of injector dimension on the performance of combustion
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Combustion of hypergolic propellants increases the specific impulse in the thrusters due to high temperature
products. In this paper, the combustion process will be investigated through the axis of a bi-propellant thruster
by an in-house code with chemical reaction mechanism. This code includes several models for injection,
droplet evaporation, liquid film, combustion and heat transfer through liquid and gas films. The Astrium
thruster with MMH as fuel and NTO as oxidizer has been simulated. By implementing a detail mechanism with
1619 steps, the thruster has been simulated at different total mass flow rates and results have been validated by
experimental data. Then, injector dimension effects on the droplet evaporation and combustion have been
investigated. Results show that by increasing the injector dimension, the droplet evaporation length increases,
so the flame structure changes in the combustion chamber. Therefore, the combustion products enter the
nozzle with higher temperature and as a result, the thruster specific impulse increases.

Keywords: Thruster, Hypergolic, Swirl Injector, Monomethylhydrazine, Nitrogen Tetroxide
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