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ABSTRACT

The gas jet from a coaxial porous injector for two-phase flows is discharged radially from the
porous surface, which encloses the center liquid jet. Several hot-firing test using ethanol/nitrous oxide
propellants was conducted to analyze the effect of oxidizer/fuel ratio on the combustion performance,
and the uncertainty analysis was performed for the results. The characteristic velocity was affected by
oxidizer/fuel ratio similarly with the results of CEA calculation except that the maximum characteristic
velocity was appeared in the stoichiometric ratio. The characteristic velocity efficiency was increased as

the oxidizer/fuel ratio increases.
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A: @ Area of nozzle throat < 94 € JAAEY BT S WFeE FEA
Cr : Thrust coefficient Hu, 1 BAWEANAY &F5F wdo] FIA w
Cep @ Measured characteristic velocity B3/ 2FE dov= FE dsgo|th AT
C'cea : Theoretical characteristic velocity 5 FAA FXAY AFEE Fuivt 23,
dP;,; : Pressure drop at injector 2ZEHEHISE W ALxAdTo]l FAIH[2],
D. : Diameter of combustion chamber Azol 2o AFAe] g =2 ULE[4] 5
D. : Dia. of nozzle exit I 22 @io] Utk ol Bestr] St A
D; : Inner dia. of liquid jet hole 2 AAGHY AdEE AFEste AAZAL o
Dpr : Inner dia. of porous element FiE 5F5Y 249 BAVIE AHEst doh
D; : Dia. of nozzle throat 2 AT 24 FA AY 5FF EAI
e : Mean pore diameter °of MAEE Fdx B THHTES FAI7I
~ : specific heat ratio 3l metdE T 9gFAAA EAHB1Y 4
nc ¢ Characteristic velocity efficiency d GLEAISE AaNFE AT FY =55
Lec  : Length of combustion chamber ZtE AaVE AA/AFERR, dads B4
L" : Characteristic length < 93 dAaxA el FHFHAT AhAIH A
m,,,  total mass flow rate of propellants §d FA= 7A oS EAEN0) B AA
& @ Thrust correction factor oA & (CHsOH) oW, FX1Ae] &£3ul E &AL
Pcc : Combustion chamber pressure &5 Hlo MmE AL Aol g o] o]F
D;; : Pressure at upstream of injector o H ok
Prewess + Pressure at recessed region
tpr @ Thickness of porous element
VRyp @ Velocity ratio at injector tip 2. 4T AAANEER| & AREA
21 48 vg/dA 24P
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Fig. 1 Schematics of coaxial porous injector.
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Table 1. Geometrical parameters of coaxial injector.

Descriptions Values
Do Inner dia. of liquid jet hole 1.0 mm
Der Inner dia. of porous element 89 mm
ter Thickness of porous element 1.75 mm
Gas injection area of porous
Aucss | germent 622 mnf
e Mean pore diameter 0 um
Recess depth
R (length of exposed porous cylinder) 35 mm
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Fig. 2 Schematics of combustion chamber assembly.

Table 2. Geometrical parameters of combustion chamber

and nozzle.
Descriptions Values
Dcc Inner dia. of combustion chamber 2 mm
Dy Dia. of nozzle throat 47 mm
De Dia. of nozzle exit 90 mm
Lee Length of combustion chamber 143 mm

Table 3. Results of CEA calculation at design point.

Injector | Combustor | Nozzle | Nozzle

P plate end throat exit

P [oar] 20 19.98 11.53 1

T [Kelvin] 31200 31288 20503 | 22702

Cr KIKg K | 433 433 41532 | 2731
~ 1.140 1.140 1.138 1.155
Mach No. 0 0.027 1 2.509
AAL - 21.91 1 392

y—1 ~+1 Dy
1
Py~ Ay g
Dy A,
a
A = 2
! CrCrpy ( )
L =1L A 3
« =L g ©)
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Table 4. Experimental conditions and performance parameters calculated from measured.
Case No. | m,, OFF ratio | dPrers | AP P VRip Gz Cloea o
1 17.12 5.38+0.06 5.13 1.05 14.39+037 | 1.98 | 1458.47+36.94 1558.20 93.60+2.37
2 18.30 4.92+0.12 5.77 1.51 1505037 | 1.73 | 1426.78+38.59 1568.50 90.96+2.46
3 18.40 3.20+0.06 8.60 323 1368037 | 1.24 | 1290.13+37.52 1522.20 84.75+2.47
4 19.07 460+0.11 527 1.83 1526037 | 1.60 | 1389.07+36.93 1572.60 83.33+2.35
5 19.35 467+0.10 513 1.90 16.45+0.37 | 151 | 1475.76+x36.62 1572.90 93.82+2.33
6 20.10 9.23+0.34 762 263 16.71+037 | 293 | 1442.65+35.34 1463.90 98.55+2.41
7 20.33 360+0.07 5.79 325 15.82+0.37 | 1.20 | 1349.89+34.44 1550.10 87.08+2.22
8 20.35 345+0.06 4.80 353 15481037 | 1.18 | 1320.26+34.36 1540.90 85.68+2.23
9 21.28 8.94+0.30 9.60 3.07 17.37+037 | 273 | 1416.17+33.41 1470.50 96.31+2.27
10 21.61 9.99+0.36 10.10 263 17.33+0.37 | 3.05 | 1391.53+32.89 1447.90 9%6.11+2.27
11 244 6.03+0.14 6.90 1.64 19.40+037 | 1.65 | 1499.58+32.25 1545.50 97.03+2.09
12 296 7.59+0.21 6.90 1.05 19.26+0.37 | 209 | 145551+31.52 1503.90 96.78+2.10
13 2350 462+0.09 7.39 2.A 20.1310.38 | 1.22 | 1486.72+30.91 1575.60 94.36+1.96
() Oxidizer S Oy s W OSSO DU SO DU SOV EOES R
£ Flow-meter N C[PinjGAS [ T
}%Oxidizer (gjj Oxidi » : O i L e ‘:i:l : .
I_(\Nzo) [_ . M);linlzvtjr; " j@lnmse e | PinjLIQ|.. R s
sl = N '|Ox,pre-reed" BN R - -
ﬁ ] T T USSR BN ;
urge gas % 15":' \ E T .
(GNy) > ot Vi N :z:\,,i, f 0NN SO I \ :
2 : : : :
& 10 : :
A
Pressurider Main v/v Cc?axial Porous R / : : i L’qu—wv;ﬂ/ : : . ‘.
Injector i 1 i
(GNy) 1+ 0o 1 2 3 4 5 6 1 8 9
Time [sec]
i Fuel(Ethanol)
Pressurizing Chamber Fig. 5 Representative traces of pressures in combustion
T chamber and injectors.
Fig. 3 Schematic of propellant supply system.
30
Ox. Pre-feed
Count down . 20 L |
0 = Ox. pre-feed
N,O 0 sec Fuel foed : Termination of combustion g N p\ l N /"”‘ '
C,H.OH 3.0 sec 7.0 sec g , /
S Ignitio a 10 . r,
. . N -1 I‘ - acfe .
[gnition 1.8 scc 3.3 sec Purging Termination - otk Fignition delay]
of sequence b ,’——L‘iq_w‘ﬁpe‘n :, E T
N, Purge 6.8 sec 10 sec 0 i o —r— 1
2.6 2.8 3.0 3.2 34 3.6 3.8 4.0
Time [sec]

Fig. 4 Hotfiring test sequence: oxidizer pre—feeding
configuration.

Fig. 6 Pressure histories at the moment of ignition.
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