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ABSTRACT

An experimental investigation was conducted to figure out the effects of the inlet air temperature on
the combustion efficiency using the fuel grains which were highly loaded with boron carbide. The
results showed that the normalized combustion efficiency increased with the inlet air temperature,
apparently the result of enhanced combustion of the boron particles. Even though the combustion
efficiency is increased, the overall efficiency through the semi-empirical method, is decreased with the
increasing inlet air temperature. Brayton cycle analysis has been performed using the heat input
parameter and combustor Mach number, those two parameters are important role for the performance

and similar trends are shown at the experimental results.
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C : constant coefficient

HTPB : hydroxyl terminated poly-butadiene
H : heat of formation
G : air mass flux

L : grain length

M : Mach number

m : mass flow rate

q

T

: heat input rate

. temperature
Tr : temperature ratio
7 : efficiency
0] : equivalent ratio
a : air
B : burning
f : fuel
[4 : pressure
t : total, stagnation
th : thermal
tot : total
0 : free stream
2 : combustor inlet
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Fig. 1 Schematic diagram of the test facilities.

Fig. 2 Vitiated air heater.



20 OlE{Z g2 FEZEE(R]

22 3H(purge)A A Th Fig. 1 A An ot
olo]1&o]H Fig. 2& 7] A4 7}G3H =%

o]},

HAAE A4 AFL 63 mme SHAH E==2
HE 7hpol=E T HTPB Al A&8E A
&3t FYT EF A S AZFAeH,
= d4&4LE DC3-1049] Dow Corning 34}
o HAAE A&, =52 & (sonic) =
<=2 J}9o| E(graphite) S ATHste] ARE-3HRL
=3
22 A1 92y

AAAE AL AeoE F2 ) G
T2 (2], Fig. 3ol A2 EAFH o] Atk

1. A 1992 A8 AA REoZ, o]F

< Aed F9goln wEtA HE /A

(Flame Holder) &< 3t Folth
Zo] W

N
2,
N

oX,

e o
o 18
b rlo

1o ot
=01=1
olN
=g
dot
A
ol
-9,
e
2
=
=
e T
i

)

o
flo
a
N

1=}
-z
51
o
fru
re
il
rr
£
o

2

‘bwﬁr-[m
o

S 4
>,
rﬂ\[_(
lo,
ol\
N
N
12
]

feoed rg 24
el

T
_L?L'
23
oo
2,
l
rot
re e
B>
=
(o,
2
i

S
M
o

o
)
e
ot

o
12 o e
i,
N

e oy .
o
>

08‘ Oﬁ, HE

2

o gl R lo b
2 ol
Ay X [o

w ™o

2
i)
A
2
ot
2
)
>

o ox o o
A oft X0 & g

H
Ae FET A

>

ro M ft
= @
o 2
Bt o
> %2
o oa 2
>
Fall
D’ O_,>L : }'_Z
N

T 1o
e
£ 0= N
2 le oy
- %=
2 T o
> 2
9 o "
o

ol

re
B
i 2

Areleh1011]. A1@ oA
3 -4 ms&Z HTPBY <
At BE A7 4
BA oo} Az E8F QA

e b
b2
o r

)
=
—_
N

SIEAR UNISTEADY REATTACHIENT  VORTEX ]/ETPkSS AlR

L ch{_ sIEanhaJ THIECTION

AT MK
_/\ i 5

REGION

—
IHLET
AR

YORTEX 1
SHEDCING

;‘I I
FUEL AICH TURBULERT DIFFUSIOR 7 |
RECIRCULATION FLARE IN BOUKDARY
i3 LAYER

Fig 3. Solid fuel combustion region.

= ¢=(my/m,)/(my/m,) 2 FEA=E
2, TFH7} 10]H o]2F & 3 it

AlesE 391, Y F7] =& 590 - 800 K

Ah E&L £F dald F RE, F =259
AZHE= AfRGM e FdEs SAste], ol&
AR 3o, dojR ex AFoz Asle 2
Aot A4 A& HAEES F5UYA WE
° 2 FHeH, ol EFA Ho|rt vk
28 g Arede TEE7] dEolt dad
FE= wev 2 5 ey JdAR A 5
(mass flux)® =% Z7|7F AR =W AL o
g & Hsh glon A dEe =)
WA e WA FHEte], dE2 MR
9

AG3sEA e ko12,13].

Fig. 45 331 ¢=042 D30 AFS 3
Ao Z AAl FHFH= 038914 047 HH 3
on, FFHE dAsItk A Bloln, o]



H19# H1& 2015. 2. HEg Zoe OA 92 ga8t AO[Z sy 21
S — = HeolE Aloj2elN dage I U o)
wol— 4aoan.car — W< (heat input parameter q/cpTO)Oﬂ u}2hA
" 4 Zrheln PAEe] F aee @ 9 W) W

p " . Fol Z7bel hste] Fase AL Eq. 33 Eq
‘B = & Falel 47 & g
E 50— —
g “wre — 2] ]
g vy LL ] g
_E o— — Men = 2 q/cpr TE)
o a0— —
&)
10 }— —
s _(ﬁ)
3.94X10° 725/ ¢ ; S RLL ol N M, )
! ‘I/CpTo ¢, Ty 1+ y—1 A2
0
Fig. 4 Normalized combustion efficiency. 2

Azg 2AR Folr FFMelA FY Fre Eq. 2914 Hob & 5 kel @ 94¥ & ¢

w9 A FHfuw) S WFE2 Fe gojg w F A& EE Tpyvel vidsha gl 2w e

A9 Az E&S YEW Eq 19 2. oy 98 EEe 2 “‘-ﬂ 2%E destd, 371 w4

@ 29 Arel #AAS Ao Batele guw  =o AF 2501002 dy A=t w4 S

3 [13]o] AA3 Fles T ek R St R U

ole, ;% 3% FEH ARFINE THS I

N =394X107° T2/ G 1  Hs dx 58, s ¥4 (Heat of

Formation)S X33t Eq. 59 #o] AT & ¢
o 971M ZEElE 03894 0472 HYF7)
3 AlE R= 2 Hejelmg F7] &3 £ EAE gtk

= = N,

31 BHo|E AlolE q/cpTO ¢( ) BTf ®)
WAES] A5 3] BHOJE Ao]2g o] P70

gate] FAGT BHolg Alo]lE2e FY HA

B 7 L 5 JdEZI HFHo=z s AAXE} = Abolde Hed 22

AolW[14], B A HE dAx FLo] THE YA AEEAL e,

A3g BHT R0, 9 AY ABE o83l

BeolE Aol AT B FEL F 7, =1+ g ©

7] AF gl Wkl FAY wHE (WO ?

2 om,=003m,), S=3 2 E HF2H(heat

® gutr o Aztels WA EHE
balance equation)o‘l 7}_1_0:__6_]_1:]_ TE]7]' = = = g—}o}' X] Oﬂ 1
AzdolHel wae M7t e A g
maq=ngmH,, (m, <m,) @  (Mh<1)elmE opdek 2ol Akgd £ i
o] 4g BW Ax EE 7t 4 99 & q =T =To ™
o APHeE 9FL FE AL & 5 Ak



22 OlE& S F I E SR
0.8
o1 | I M_=3.0
E z . —m— M- 0.0
;% 22 | % a50 | \%x_'_uf 1.0
g£98 E ’R\,__ S
E oas | .'E_ TR - M,M, 0.4
£ r i E --..:-:.\-:‘-—H‘_H\""-- _%\-\-\_
E5s 2 e
0a | 40 | MM =0.3 S T
-

2 3 I 5 L]

Mach number

Fig. 5 Performance vs Mach number.
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