TR 64 1 A HARRI T AT A FHEMATI A O PR 2 — S L R A — 43

g 2 ANV DOFE
Research on an Extendible Nozzle

i 7 RIAZAEH 9 2 Bhpfhf ERRE

Characteristics of Dynamic Loads acting on an Extendible Nozzle

miry Rmp Pt v #F— | i AT b
RANE—, H TRk, FEHEEAHA,
REE, RaE—, EHES
Rocket Engine Technology Center / Rocket Engine System Team
Keiichi Hasegawa, Kazuo Kusaka, Masahiro Sato,

Makoto Tadano, Shin-ichi Moriya, Masaki Sato

Abstract

An extendible nozzle is considered to be a feasible device to improve the performance of booster engines because
it has possibilities to provide altitude compensation and to achieve higher specific impulse. The booster engines
with the extendible nozzle have to deploy the extendible nozzle during firing. For the design of the extendible
nozzle and its driving mechanics, it is required to clarify the characteristics of dynamic loads acting on the
extendible nozzle. In order to clarify the characteristics of dynamic loads, firing tests on a high altitude test stand
were conducted with varying the ambient pressure to simulate the altitude change. The thrust and side loads acting
on the extendible nozzle were evaluated quantitatively by use of a supporting system consisted of six rods. Using
the measured load data and the calculated nozzle pressure distribution data, the history of flow separation point
was estimated. It was found that the large inverse thrust induced during the transition between full-flow and fully
separated flow was caused by the pressure balance around the extendible nozzle.
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Figure 2. Test setup of combustor and extendible nozzle (Fully deployed position).

Table 1 Summary of hot firing test results

ik E 5 T/N 4049 4050 4051 4053 4054
- BE HATSE & IS E =& [ S ) ¥ 1nf 7 AR
H Feur Sy | BMERR mgpes | DOFEEE e
B S/L HATS HATS HATS HATS
R (%) 100 100 100 100 100
BRBEIFRA t [sec] 10 18 35 45 50
PRBEIT Pc [MPa] 1.18 1.18 1.20 1.21 1.22
IR-E b LOX/GCH4 2.0 2.0 1.9 1.9 19
e 537 1240 1247 1274 1265
BAR LS FIN] (@767torr) (@3.1torr) (@2.8torr) (@3.2torr) (@4.1torr)
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Figure 5. History of flow separation point and relation to thrust and side load.
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