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ABSTRACT

The research on low-toxic hypergolic propellants has increased since 2000. Many research
groups have studied the evaluation methods of the ignition performance to develop low-toxic
hypergolic propellants. Ignition performance could be evaluated through a drop test and a
impinging jet test. The impinging jet test could simulate the actual rocket operation environment
with simple experimental equipment. Combustion instability caused by the ignition methods could
be observed in the impinging jet test. In this paper, We introduces various experimental methods

for the impinging jet test and analyzes important results from previous studies.
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u—Mean jet velocity; 2a—Impingement angle; D—Jet diameter

Fig. 1 Schematic of drop test and impinging jet test2,3].
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Fig. 2 Impinging jet test apparatus using cylinders[5).
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Fig. 4 Effect of oxidizer jet diameter on momentum

ratio and equivalence ratiol7].
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Fig. 7 Schematic of impinging jet apparatus[10].
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Fig. 8 Impinging jet test image according to photography
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Table 1. Characteristic summary of international and domestic impinging jet test.

Measurement
I.{ese.arch Propellant . P.ro.pel'lant » technique
institute (Fuel/Oxidizer) Injector | injection Test condition - - Test content
/Country method Vlsf‘ahz Ignition
ation
Hich Comparison of
Purdue Univ. MMH/RENA Doublet Syringe Momentum ratio | Shadow s 5 d high-toxicity and
/USA[5] TEB/WENA ouble pump O/F ratio imaging calire1 Zra low-toxicity hypergolic
propellant performance
Ob: ti f i
. N Atmosphere gas High servation of popping
Purdue Univ. . . Shadow phenomenon
Block 0/H>O, Doublet | Pressurizat Initial pressure . . speed - .
/USAJ6] . . imaging Ignition delay according
ion H,O, Concentration camera .
to H»O, concentration
P lvani High lati
ennsy vaa TMEDA /WEFNA Syringe Momentum ratio ' Correlation befween
Stase Univ. DMAZ,/WFNA Doublet m Equivalence rati - speed momentum ratio and
JUSA[7] pump quivaience ratio camera equivalence ratio
Ins’ntcut'e Catalytic fuel/H,0, | 4-on-1 N ' Catalyst High Observation of 1gr11’t.10n
of Aviation Reactive fuel/H:0, | Pentad Pressurizat Reduci " - speed phenomenon according
/Poland[9] cactive fuel/ T2 enta ion educng agen camera | to the type of additive
Cerman N High Ignition del
Aerospace 2-on-1 ’ Propellant Shadow 5 g on daeiay
Block 0/HO, . Pressurizat . . . . speed | according to propellant
Center triplet . jet velocity imaging . .
ion camera jet velocity
/Germany][10]
MANA+NaBH. N. High P llant fi
JAXA aBH, 2-onl 2 Propellant ig] ropellant performance
/Japan[12] 10wt% triplet Pressurizat lead injection - speed | according to propellant
P /HxO, P ion J camera lead injection
KAIST Variable NZ. Jet - Jet High (‘)bser\'/a'tlon of 1g:nlt10n
Stock 3/H,O, Pressurizat Jet - Sheet - speed instability according to
/Korea[13] area .
ion Sheet - Sheet camera | propellant contact area
Observation of
N Bl High
KAIST . 4-on-1 ’ . . ue: 18 combustion instability
Amin fuel/H,O, Pressurizat | Momentum ratio | visualiza | speed .
/Korea[14] Pentad . . according to propellant
ion tion camera .
momentum ratio
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Injector type Combustion instability, ‘ Observation method Design elements ‘Detailed design elements,

Impinging jet type
v'Small flow rate

v Simple structure

vPulse mode

Pintle type

¥ High flow rate
v Easy to adjust thrust

Transient

vIgnition delay

Steady
v Popping
v RSS

(Reactive stream separation)

High speed camera

imaging technique

v Shadow imaging
v' Chamber dynamic pressure

Mass flow ratio (0/F) — chemical mixing

Momentum ratio (%} - physical mixing
2

QT My
mET M,

0/F = ﬂ (pV*D?),
my (pVD?),
Optimizing chemical & physical mixing
Determining the total ratio

of injection areas of the propellants

Impinging jet type

¥Impinging angle
v Orifice size
v Orifice distribution

Pintle type

vBlockage factor (BF)
vPintle diameter

v'Gap distance
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