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Bi-Propellant Thruster Performance Prediction Based on Stream Tube Model at Unlike Impinging Spray
(Effect of Film Cooling Fuel)
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Bi-propellant thrusters in space propulsion systems often utilize hypergolic propellants. The impingement of liquid jet
streams of fuel and oxidizer involves sequential reactive, multiphase, thermo-fluid dynamics. In this study, a defined
length scale demonstrates the distribution of fuel and oxidizer downstream, and thus represents their mixing states,
facilitating the straightforward formulation of characteristic velocity in a general manner for doublet and triplet
injectors as a function of propellant injection conditions with a film cooling effect. We formulate two cases that the
film cooling fuel self-decomposes, and that the film cooling fuel reacts with oxidizer, to discuss the effect of film
cooling fuel on the characteristic velocity. The validity of present model is demonstrated by a good agreement with
the characteristic velocity measured by hot firing tests covering a wide range of mixture ratio. We confirm that the

film cooling fuel mainly self-decomposes.
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Fig.1 Schematics of bi-propellant thruster.
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(a) Unlike doublet (N=1)  (b) Triplet (N =2 for FOF and N
= 0.5 for OFO)
Fig.2 Schematics of impinging injectors (19

(The origin of coordinate system is located at the stagnation point.)
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Fig.3 Sheet and drops produced by doublet injector (12
(The two nozzles have the same diameter of D = 1 mm. The working
liquid is water. An instantaneous image (white) is overlapped with
time-integrated image (black). Each black line indicates a trajectory of
a single drop. Despite the presence of the sheet, all lines start from the
impingement point. Injection Weber number is 3000.)
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Fig.4 Relationship between ¥ and 4 (1D
Symbols are experimental data. Bold line indicates Eq.(3). The area
between the two dotted lines (grey region) indicates 20 % difference
to Eq.(3).

Type

DJ/Dy 0

liquid(O/F)

0oy

2Y 2 i 2, 2,
D1 1.3 78  water/water 1 Oxidizer
Q@
D2 1.5 78  water/water 1 e
Doublet [Film| Fuel
D3 1.2 58  TCE/water 1.3 P\
N\
D4 1.3 78  TCE/water 1.3 (@A<1
X
T1 1.5 45 water/water 1 2Y, -2¥% A 2y, 2L y
T2 1.6 45 water/water 1 Oxf\im'
\9,
T3 1.6 55  water/water 1 - . .
Triplet(FOF) Lol [Fitm]
T4 1.7 45  water/water 1 O
b) A1>1
5 18 4 1 . A
> 8 5 water/water Fig.5 Schematics of uniform distribution model
T6 1.5 60  water/kero. 1.3 (The flow rates of mo, and N-py uniformly pass through the
respective band of oxidizer and fuel. Locations along the x-direction
TripletOFO) T7 1 60  water/kero. 1.3 peciiy e " R

TCE: Trichloroethylene, kero.: kerocene

are not specified. “Film” indicates film cooling fuel, which locates
outside of the main spray)
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(b) Triplet (FC = 0.3, Do/Dy=1.7)
Fig.6 Comparison of hot firing tests and present model at 0.8 MPa
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(a) Casel: Film cooling fuel self-decomposes
(Model results are calculated from Eq. (20).)
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(b) Case 2: Film cooling fuel mixes with oxidizer
(Model results are calculated from Eq. (25).)
Fig.7 Effect of film cooling fuel to ¢* at doublet of Do/Dr=1.3

(FC increases from 0 to 0.5 at every 0.1 step.)
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Fig.8 Doubletat FC =0 and D,/Dy=1.3
(C* =c*in+ c*ou In (b)(C))
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