SETEAY
SR — AT o

Muroran Institute of Technology Academic Resources Archive

7

AbIKFZE R T 7w NERELD BV Rk B M EIZ B 3 5
it 5e

S5 jpn

HARE

~FH: 2014-12-04
*F—7— K (Ja):
F—7— K (En):
ERE: IREF, X
X—=ILT7 KL R:
Firi&:

https://doi.org/10.15118/00005124




oOND LB 5
K 4 ®H

FAL G X H ALK& v 7 D BEE O By R W BV PR I B3 o iF S

im X A& A SR oK % O
#o® RN &
#o® Ok ¥
mEHE WM ko " 5L
MEHER M OIE K

RANEDEE

VAR, B - AR, ERTIHE AT — v a AR CEHEMAMEES A TWS,
BREEFEHEMA~WET L2 FELELT, VBTl a sy b EHBEAMNFEHEE
o2 FEICKHTDHIZENTED, TROLOFHEE AT AT KK H O
MBLXOFHREMRAE Ok RMERH Y, ZOoFHO—>2L L TEHOMENZET 5
D, BRMIIIRATHE OB, BERRETO KN B LM S D 2
LIk AR EmOMBE X OHE A BT BBEEOB KICE D= ¥ Bk
NI O @ WA 72 EOMERER EICER T AMBETH D, 2D OBAR IR T
LHHFEDO DI 20 L TCHHATIHEGRH AT 2080, BITEEH
EhTwsuery b U RBEEREmICK L THAERA Y AT A0HA S
NTWD, RAEKERBREHI R B A o e B MRS & R T 2 &R ino TEDY,
Z DAL B E FARHICHAT S Z LT, BHABEANHIHICRD, Zhic X
D IRIEAKFEICH L CTHHBENCS D RIEKFERBE 2 A \Wiew &7y b o ke
RIAT~ v NBOBK EIRBPEENRE N LI K 2EO/NEUERATRETH 5,
ARBFFETIE, RALKFERBE OB RN EZFIH LI ERE S AT 5 OE %
Hig L, HERURBHT AT U TRy MR BVRFIE & SEBR A0 38 L OYREMT OIS RGIE L 72, ik
PRBHZIL, ra v O RIBREE O FERL S Th D BRAIRB T R AL K FEORFHFERK 5 T
bHAFNT7aAFH L (MCH) &, 7 U — R E L THIRFSND A
% /)= (BE) zlWiz, £, SREOKT & RIS OMRLE D 7 1 il 4
W2 FEZBRZAT o 72, & B, B R BvZ W AGH O A7 L2 FERRIZEH




57O BRI Gt 2 D 7o EBRAE R L0, A F W25 2 & TR B AR IR E &
# 350 K IKIE AR CTH Y, HIEHAIRETH D Z &N bnoT,

Fo,ERBIOMKERIY, ray v RABBOFABAEZRA Nz ry bz
CUVAT ADOBHETTNMCBWT, AN Om IC X o THREEEREE T OIR
FEZR 140K K MTE DLW RE2G,— 7, mAREZK 20% % TR L,
IHNICEVENBRENMETT 5L TRERTD~y FE2K 77% £ TERBMT
X, TVVUVAT AOHERER FICKELSFETDLIEEH LML,

ABSTRACT

Recently, the use of space for earth observation, global positioning satellite and
International Space Station (ISS), etc. have been promoted. Means of transport
to space satellites are classified into two types, which are expendable launch
vehicle and reusable space plane. There are various problems for the flight into
the atmosphere and for space environment characteristics in these space
transportation systems, in which the thermal problem is one of serious issues.
In particular, these problems are due to the improved capability, that is, the
vehicle surface is heated by an adiabatic air compression near the surface under
flight speed increase and the thermal load of the internal rocket combustor at
higher combustion pressure will cause high thermal load for thrust chamber.
There is the regenerative cooling system using fuel for refrigeration as one of
the means for cooling heat load, the regenerative cooling system has been
applied to the combustion chamber wall of the current rocket engine. The
hydrocarbon fuel has been found to exhibit the endothermic thermal
decomposition reaction. Cooling capacity of the regenerative cooling is about
three times by using the endothermic reaction. From this result, it is possible to
increase the flight Mach number of vehicle using the hydrocarbon fuel and it can
reduce the size of vehicle by larger fuel density, even though whose cooling
capacity is inferior to the liquid hydrogen.

In the present study, endothermic thermal decomposition characteristics were
verified experimentally and analytically for the test fuel in order to achieve the
regenerative cooling system using the endothermic thermal decomposition of the

hydrocarbon fuel. Methylcyclohexane (MCH) which is a typical main component



of naphthenic hydrocarbons in the kerosene-based fuels and Bio-ethanol (BE)
which is expected as new clean propellant fuel were used as test fuels. The
experiment was performed using the catalysts in order to accelerate the reaction
and to lower the decomposition temperature. In addition, reasonable
investigation was proceeded to apply the regenerative cooling system for
practical rocket engine by using endothermic thermal decomposition system.
From the experimental results, it was found that the drop in the initiation
temperature in the decomposition of fuel was 350 K with the catalyst. From
these results in experiments and analysis, it was expected that the temperature
of combustion chamber wall in the rocket engine system can be lowered 140 K by
improving the cooling capacity using the regenerative cooling of kerosene-based
fuels in a simple calculation model. On the other hand, this technology will
considerably contribute to improve the performance of the engine system by
reducing the cooling flow to about 20 % and, as the result, the head of fuel pump

can be reduced to about 77 %.
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