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Pop Tests of Storable Bipropellant Liquid Apogee Engine*

Yukio KURODA™' , Makoto TADANO*', Masahiro SATO*', Kazuo KUSAKA™',
Hideyuki KCBAYASHI*, Sigeyasu IIHARA™, Hiroyuki BAN*?

ABSTRACT

A pressure-fed, blowdown, Hydrazine/NTO apogee propulsion system had been se-
lected for the ETS-VI. One of the problems encountered during the development of the
engine was the occurrence of pops (popping) at the higher operating chamber pressures.
Pops are irregular high amplitude pressure pulses. It is generelly agreed that pops is a
liquid spray /gas two-phase explosion triggered by a local explosion near the jet impinge-
ment region. The effects of operating parameters on pops observed in the development
tests of the apogee engine for the ETS-VI were inconsistent with those reported earlier
for single impingelement injectors; pops with the apogee engine injectors was more likely
to occur at higher chamber pressures, higher injection velocities, and higher propellant
temperatures. Pops data were correlated fairly well in chamber pressures (P) vs. fuel
Reynolds number (R.¢) plane. However, the range of operating parameters for the above
correlation were very narrow since they were obtained during injector screening tests
for a particular application to the apogee engine. It was also felt that the above correla-
tion was too simplistic to capture any effect of design parameters of multi-element in-
jectors.

In the present study, the demarcation between pops and the pops-free region was
determined in broader operating ranges and design parameters. The range of P. and
Rer was extended by exchanging graphite nozzle throat inserts with different throat di-
ameters. The injectors were carefully selected to obtain effects, if any, of 1) film cooling
fraction, 2) secondary mixing, and 3) number of elements and/or fuel orifice diameters.

It was found that there was a threshold fuel Reynolds number below which no pops
were observed at any chamber pressures and that the pops region curve mn the Pe-Res
plane had two branches ; upper branches and lower branches.

Key words : Apogee propulsion, Pops, Blow-apart, Multi-element injectors
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Multi. Single. Single.
Chamber Pressure High High/Low* Low
Fuel Injection Velocity High High Low
Fuel Temperature High High Low
Orifice Diameter Large Large

% Upper branch in P. vs Rer plane
Multi : Multi element injector
Single : Single element injector

AKE: Apogee Kick Engine
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Mixture ratio 1.0+0.1
Interface pressure 1.53~0.765 MPa
Interface temperature 5~30°C

Max. continuous burn duration 4600 s

Max. accumulated burn duration | 9600 s

Max. number of burn 14 times
Nominal weight 18.0 kg
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x5 wAFILAYPBRHEORI 5 A-4

Number of . .
Cote | Elomirs Ly | | B | S

/Film g-)
Jo1 24((8/16)/32 0.80/0.82 19.0 0/20
J02 24(8/16)/32 0.80/0.82 19.6 7/20
Jo3 24(8/16)/32 0.80/0.82 15.6 0/20
Jo6 36(12/12)/24 0.51/0.61 21.0 0/20
Jos 48(16/32)/32 0.51/0.53 18.8 0/20
J13 30(10/12)/40 0.63/0.63 17.0 0/20
J14 30(10/20) /40 0.69/0.69 16.1 0/20
J16 30(10/20)/40 0.72/0.74 21.4 0/20
J17 30(10/20)/40 0.69/0.69 18.5 (+7,-7)?/20
J21 30(10/20)/40 0.67/0.67 21.0* 0/(40, 20)¢

* S/N: 30

a) Angle to chamber axis, positive for outer ditection.
b) +7° for inner’ring and —7° for outer ring.
¢) Alternating wall impingement angles and distances.
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