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Performance of the N.H /MMH
Mixed Fuel Regeneratively Cooled Engine

Shuichi UEDA, Yukio KURODA, Noboru SAKURANAKA,
Katsuto KiSAKA, Hiroshi MIYAJIMA,
Katsuaki KOSAKA and Ryuichi NAGASHIMA

ABSTRACT

Experimental regeneratively cooled bipropellant engines, with a vacuum thrust of 2000N at a
chamber pressure of 0.98 MPa and an area ratio of 240 : 1, were fired with hydrazine-MMH mixed fuels
to evaluate potential performance and cooling improvement. Regeneratively cooled engine tests were
conducted with 80% hydrazine-20% MMH mixed fuels as well as with MMH single fuel, utilizing
optimized injectors for each fuel. The chamber pressure was varied in a range from 0.6 to 0.9 MPa. Long
duration firing tests of 160 s were conducted to evaluate heat soak back level and demonstrate safe shut-
downs of a mixed fuel regeneratively cooled engine.

The peak specific impulses of the mixed fuel was more than 322 s, while that of MMH was 308 s.
Regenerative cooling with the mixed fuel seemed to be particularly advantageous in that the tempera-
ture increase through the cooling channels was smaller than that of MMH; this reduced performance
degradation due to reactive stream separation (‘blow apart’) at higher chamber pressures. No indication

of explosion in the coolant channels or manifolds at engine shutdown was observed during long firing

tests of the improved chamber.
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RAM Memory || and 16bit CPU MT9
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Propellant . NTO/80-20 NTO/MMH
Thrust N 2000 ~ 1400
Chamber Pressure MPa 0.980 ~ 0.686
Mixture Ratio 1.1 1.65
Vacuum Specific Impulse s 320 310
Injector Element 36UD* 27UD®
Film Cooling Ratio % Fuel 10 15
Nozzle Throat Diameter mm 37.6
Nozzle Area Ratio 240:1
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k3 AV sRHET
27B 27BC 36M 36MC
Propellant MMH — 80-20 —
Nominal MR 1.65 — 11 1.04
Film Cooling Ratio % of Fuel 15 — 10 15
Core MR 1.94 — 1.22 —
Thrust @ Pc = 0.98MPa N 2000 — — —
Ispy @ e = 240 s 310 — 320 —
Number of element 27(9/18)*)  —  36(12/24)® —
dox mm 0.78 — 0.65 —
dr mm 0.57 — 0.66 —
aoxb) deg 30 — 35 —
ap) deg 40 — 35 —
Momentum angle 8% deg -0.3 — 0.1 —
Inpingement Diameter mm 25/50°) — 25/50%) —
Inpingement Distance mm 1.5 — 1.5 —
Number of Film Cooling Orifice 26 — 24 —
Film Cooling Orifice Diameter mm 0.26 — 0.26 0.34
Impingement Angle io Chamber Wall deg 25 — — —
Separation Pc) MPa 0.79 — 1.05 —
Acoustic Cavity % of Area 0 7 0 7
a) inner/outer ring
b) see figure
A%
c¢) Lawver criterion Fuel .
Bl
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“F  fan
Oxidizer
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