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ABSTRACT

In hypersonic aircraft, increase of aerodynamic and engine heat lead thermal load in airframe. It
could lead structural change of aircraft's component and malfunctioning. Endothermic fuels are liquid
hydrocarbon fuels which absorb the heat load by undergoing endothermic reactions. In this study, we
investigated the relationship between product, coke formation and catalytic properites of endothermic
catalysts by using exo-tetrahydrodicyclopentadiene as a fuel in a fixed bed flow reactor similar to the

actual reaction conditions.
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Fig. 1 Cooling System Based on Endothermic

Fuels[4].
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Table 1. Characteristics of fuel.

Critical
Structure Fuel type Formula .
point
CioHie i
. exo-tetrahydrodicyc 428 C
Ring .
lopentadine % 36.6 bar
Table 2. BET Analysis results.
BET surface Mesopore Micropore
area (m/g) volume volume
(cm’/g) (cm’/g)
CBV-300 887.8 0.325 0.339
CBV-2314 389.2 0.145 0.112
Table 3. TPD Analysis results.
Acid site (mmol/g)
Weak Strong Total
CBV-300 0.504 0.936 1.440
CBV-2314 0.159 0.276 0.435
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Fig. 2 TPD analysis results.

Catalyst Disk

Catalyst Powder
Fig. 3 Disk-shaped zeolite catalyst.

A8t d& 4 (acid sites)548 A= Fig.

2 ¢} Table 39 Ve Tt

2o Aol EE Fig. 39 o] A
3 mm, ¥° 1 mm? disk FelE A g3}

1 3ol ARg-sFAT.

559 WgTldA Fujd o FE Ea
< A¥ES s3] AN Fig. 49 2L g
7oA ARE FPAT dEr] FE W
AL 1175 mm °|2 ®¥-g7] FE W 2
742 7525 mm °|th dE7] BE] EE 500
T2 AAste d497] 7oA AdEE 400C7}
A FEAA F F, B3] BEAA 550CE 7t
dste] ZFulo] o3t A5 Eauke AYPE 4
syt At



84 O[Efs - ZMHEI - ZHMH - FYE - HEY eI FTBE (A
Fuel reservoir Preheater Reactor c 600 |- e — 160
Pump N \ : o)
‘ It ‘ (Jhl_f m 500 | / - 50
J\ J\ @ / S 00 \ 440
(\U "/\L \,\L ¢ Filter g ol i ‘g
N, Thermocouple Back ‘g Gas: N2 E
L iy i 2%
L 2 s
[ j 100 + - 10
Fig. 4 Schematic of flow reactor for i . . . L
) . 0 50 100 150 200
endothermic reaction. Time (min)
a3 . - Fig. 5 Temperature & mass profile of TGA
«<{F = T HEZ ;
10 HEWATH5,6]. 28] F | analysis.
7](back pressure regulator)E AF&3Fo] W Fqt
gS =43 5, A8 exo- — 5 73 i
= 50 bar= 43 & | - exo-THDCP 1 Zjo] oJ3 3H& (Conversion)
= o 3T : el
g AYYIE 3 ml/mine] fkfi j_oe%iu% AgeolE Zuje] AT 24 APzde
Zt}. o = A7) ke
=t olm, Ws7] chj L :‘; ;j $7] 97 &% 550 C, &= 50 bar, 17243 h
= == B K = =
9]’;3-1 £ 0.97540 g 4 =4 9 —crﬁ 3T X rI(WHSV)ol A 3=tk 22 wgr]o] v
2 =43 5 o o
A8 AAaE SAUH IR L AASE A o g qne sdFd A dual A4
A KB kS = _
¢ AdEs AHI /‘]ft\_ GC-MSD Mol Asgel A9 tree 4 el ostd T
(Agilent 7890N/5975A MSD, HP-5ms column) s}

2 %7 LBL2X 40 CoA HFL2X 320 C7F
A 10 T/mineZ 255 HAeAZ 330 # &
FELXEE FAANA ARS BATTH

4 (Analysis of productlon of coke)
2 %, disk 335“«] g 7+
E3le magAEF
o3 2

E AAs7 fA8)
min® & 200 C

of\ oﬁ,

2
i

FABY). ©
A4 A% walel o 1Yze
Fig. 501 el

®
o
o

w
>
e
M
H

Conversion (%) =

1)

Initial mass of fuel — Final mass of fuel
Initial mass of fuel

x 100
Wgol By ¥ Ame] dwe ZPshs Py
e thes 2 wsel Bum ot Y4ES
1 87 woly A%e 249t 1211 # 5
ok whgrlm Solrle ARel AFelA wWE I,
GC/MSE ZAF W ¥ A4E ) A5 u
: 94

9
=& %Xl 9%9 g
=A U2 As
V-23149] LS
2lol Al CBV-23149] Zto] AN E2
I A

EHEE} %gol 453H
golst 4= ol CBV-3002 CB
Hws] BH Z7] Ag8o

e YER



[O

N22# N[5& 2018. 10.

58 87| oM ANz SHESHN SFol WHE 85
HIEAsH Heof oist |7

80

750 —a— CBV-300
—e— CBV-2314
70 —A—no Cat.
65 |-
g 60 |
c
0 551
4
S5l M
c ~— —
° -~ —
O 45| Rl
40 |
wl A/”"/‘/A\‘
30 1 1 1 1 1 1 1
0 10 20 30 40 50 60
Time (min)

Fig. 6 Conversion of CBV-300, CBV-2314 and
no catalyst in reaction.
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Fig. 7 Product distributions classified by carbon
numbers; (a) : CBV-300, (b) : CBV-2314.
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Fig. 8 Coke formation depending on reaction
time analyzed by TGA; (a) : CBV-300,
(b) : CBV-2314.
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Fig. 9 BET analysis results of zeolite after

reaction; (a): BET surface area, (b):

Mesopore volume, (c): Micropore volume.
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