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ABSTRACT

The ignition characteristic and combustion performances of the gas generator are
studied by means of theoretical analysis, experimental investigation and numerical
simulation in the paper. The factors that have significant influences on the ignition
process and combustion performances of the gas generator and the influence laws are
respectively acquired. Several measurements that could improve the ignition
characteristic and combustion performances of the gas generator are presented and
verified by tests. The results are helpful to understand the inner operation process of the
gas generator and important for application and optimization design of the gas
generator. .

Key difficulties in the research of the gas generator are pointed out through
theoretical analysis, so the main research contents are confirmed. The analysis shows
that the ignition and combustion performances of the gas generator are markedly
worsened although the combustion chamber temperature is lowered by adding water ;
Combustion efficiency of the gas generator with Oxygen/ Lf80 is closely related to the
evaporation rate of the liquid fuel of Lf80; The gas flow velocity being too high so the
flame could not stay steadily in the combustion chamber is the main reason of the
ignition difficulty in gas generator with Air/ Lf80-01 propellants.

Based on the theoretical analysis and experimental results, the primary factors
affecting markedly the ignition characteristic of the gas generator as well as the
influence laws are studied. The results indicate that the combustion gas temperature
plays the most important role on the ignition capability of the torch igniter. For gas
generator, the ignition difficulty mainly comes from the addition of water that slows
down the chemical reaction rate and flame propagation speed. The results also indicate
that many factors have obvious influence on the ignition characteristic of the gas
generator, including the temperature of the igniting combustion gas of torch igniter, the
water fraction of the special fuel, the gas flow velocity in the combustion chamber,
excess oxidizer coefficient and mass flux of propellants. On the foundation of the
research, the paper presents a right method outstandingly improving the ignition
reliability of the gas generator.

The combustion performance of the gas generator with Oxygen/ Lf80 propellants
is studied by experiments and numerical simulation. The influence on the combustion
performance of the gas generator of injector structures, water fraction of liquid fuel,
disturbing ring, excess oxidizer coefficient and mass flux are studied by experiments.
According to the numerical simulation, the combustion characteristics of the gas
generator with disturbing ring are analyzed. The results show that addition of water has
a notable effect on lowering the combustion temperature since the whole combustion
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‘chamber has a low temperature. The evaporation rate is the essential famhicm;
great influence on the combustion efficiency of the gas generator, so the efficient
method to increase the combustion efficiency is to speed up the evaporation. The
combustion efficiency can also be notably improved by optimizing the injector structure,
decrease the water fraction of fuel and fixing the disturbing ring in the combustion
chamber through which the combustion stability is also improved.

Key Words: Tripropellant Gas Generator; Ignition Characteristic;
Combustion Performance; Injector structure; Excess Oxidizer Coefficient;
Water Fraction of Fuel; Disturbing Ring
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5.2.2.1 WMRBER

E BT R B i AR R F B S LUF LU0, oy R R AR AR R,
BHBRER, TR, BN AER, KRR (LES) , EHEHEEAL (DNS)
%Z. B, ERFEA— MRRERXN THERERLEMN. DNS M LES £F
REFMBRKEMTEHERAE, EXNTTELAGERRE, SHERETERE
i EEXROHRBROTFHIRR, URERMXMEROTENNATER, Eit
BB TEPEEEAEMEER, TEEEERSEM T EER,

AR k—e WHBBERIS, p_ o WHERAENBARRE, T2
R R F A K S RS RAEBRRBEERE RSB EER S,

k- BERANMFESRAX, TERETHEBNT HE, rHERN
WBHMHE, s TERNMHERAXFHITE.

ARSI ke
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E(P") "”67(/7"”,') = ‘5;[(# +&)g]+cﬁ +G,-pe-Y, +§,  (520)
i i} J

Y#hiEe:
0 0 0
5;(/08)+5x7(/?6",) =5x7[[ﬂ+ ag)ax

]+C =(G,+C,,G,)- C,,p +S 521
f)

lEk

HAREE 4, BT ARE:

2
/4,=pC,,? (5.22)
Cu~ Cyun Cyn 0y o, WERIEE, EENENR: C, =144, C,, =192,
C“=0-09\ O'k=]..0\ a’,=1.3o

5222 BBHER
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FRESTHBBR T, BRE—EHRRMi.

WER T AR FERERFEF, EA KA Rosin-Rammler 5375

R . .
% = B.d" exp(~Bd") (5.23)

i

AP RERETRBRERPTFINFARBNERAESBBELARENE S
¥: A. B. n AN T—EHBE L TAZGNESR, TEIRRHEE.

BT FUIRLRER, FXROTEER AR, R Rt
A TERKERAR KA E, BidA R, KA Rosin-Rammler 24347 R ~H 440 B8
BEE., XPREMNBE UL EHITRR, REBEZ TS RH S0
WYIIE, EAEHEERAGREAGR, BEEERBETIR —EEEL £
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TRZXFHEENZUMESE, BiTi%H AR MR 530 h g X%
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5223 RRER
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RGP HSHEFETEL, LPAENFEELS THEBRERTSIAKNER.
HRER VR, SENERER,

BHEEBARBEZE, MRS TAH#R:

m,c,dT, [dt = hd,(T,-T,) (524)

K. A REMRER, T RUBSKEE, hENREXRE.
BEBEEIERBERS (BAREUN) , BEBRBENKFEER, BH
WHYHERENY, BRELSBHREODBRESHZBIMRERERS):
N, =k(C,-C.) (5.25)
KN RARKERAERE, C, REBRAMNAERKE, FREERR
AN AERE NS TRBEET, WORERE p,,. BEH: C,=p.(1,)/RT, ;
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m,(t+A)=m,()-N,AM, At (5.26)
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