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Development Test of a Liquid Apogee Engine
for the ETS—VI

Rocket Propulsion Research Division
ABSTRACT

A pressure-fed, full-blowdowh, nitrogen tetroxide (NTO)/hydrazine (N;H,) bipro-
pellant liquid apogee propulsion system was selected for engineering test satellite—Vi
(ETS-V1), a 2000-kg Japanese engineering test satellite. This 2000-kg mass geosta-
tionary satellite is scheduled to be launched by an H—1T rocket in 1994. The apogee
engine required a high reliability and a relatively high performence for a pressure fed
system. In the preliminary development phase of the apogee engine, a peak vacuum
specific impulse Ispv of 325s was set as the initial development target. This perfor-
mance requirement of the apogee engine is greater than that of the bipropellant
engine using NTO/monomethyl hydrazine (MMH). To meet such high performance
requirements, we empoyed a NTO/N.H, propellant system instead of NTO/MMH pro-
pellant and used a very large area ratio nozzle (nozzle area ratio is 200 to 300). To
enhance the reliability of the apogee propulsion system, we selected a pressure-fed,
full-blowdown system. Fundamental studies including hard-start', popz) and thermal
problems were also conducted during the development series of apogee engine started
in 1983.

Performance characteristics of apogee engine developed in 1990 was as follows ;
chamber pressure Pc=0.97~0.63 MPa, mixture ratio MR=0.85~1.05, vaccum thrust=1980
~1280N, mean vaccum specific impulse Ispv=320.012.7 s, and total burn time=2900 s.
Delivered peak Ispv was less than the initial development target, however, the engine
performance was higher than that of the engine for NTO/MMH propellant.

This paper describes mainly the development studies of the injectors used in the
apogee engine.

Keywords : Bipropellant apogee engine, ETS—VI, Blowdown system
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#10 BMEA vV 2 09 FBNNFTA =S

Code | Number of df/do Film Cooling | Spray Angle |Impingement
Elements (mm) Fraction Core/Film distance
Core(lnner/Quter)/Film (%) (Deg.) {mm)

J14 30(10/20)/40 0.69/0.69 16.1 0/20 1.5

Jl16 30(10/20)/40 0.72/0.74 21.4 0/32 1.5

J17 30(10/20)/40 | 0.69/069| 18.5 w771 720 | 15

a) +7 for inner ring , and -7 for outer ring.
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Code Number of df/do Film Cooling Spray Angle | Impingement
Elements (mm) Fraction Core/Film distance
Core(lnner /Quter)/Film (%0) (Deg.) {mm)

J20 30(10/20)/40 | -----emee- 20.0 0/(40,20) 2 1.5

J21 30(10/20)/40 0.67/067| 21.0 0/40,20* | 1.5

a) Alternatiog wall impingement angles and distances.

*£12 J20, J214 ¥ P = 7 s BESEABRER

PRERRI30FP TOIE

| TS BEH (K EE !
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MPa {Pc=0.43MPa|Pc=0.95MPa|Pc=0.43MPa|Pc=0.95MPa| Pc=0.85MPa
J20 241 1620 1590 373 570 308 0.45~0.95 O
J21 239.5 1620 1520 373 420 308 0.45~0.95 @
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Propellants NZQ1 /N,H,
Propellants feed Pressure-fed blowdown
Thrust 1840~ 1280 N

Chamber pressure 0.90 ~ 0.51 MPa

Specific impulse 321.5~316.0 s

Mixture ratio 1.0x0.1
Interface pressure 1.563 ~0.765 MPa
Interface temperature 278 ~303 K

Max. continuous burn duration 4600 s
Max. accumulated bum duration 9600 s
Max. number of bum 14 times

Nominal weight 18.0 kg
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