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Study on Chemical Heat Sink of Liquid Hydrocarbon under Supercritical Condition
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Abstract: In this study, experiments on fuel thermal cracking were performed and chemical heat sink and
thermally cracked composition of n-octane were evaluated. In addition, based on the experimental conditions,
0-dimensional reaction calculation was carried out and comparison with experimental results was conducted. Gaseous
components of the thermally cracked n-octane under supercritical condition (temperatures of 712~935 K and pressure
of 6 MPa) were measured by a gas chromatograph. Results indicated that the main components of the cracked gas were
methane, ethylene, ethane and propane. It was found that the residence time and the fuel temperature had sizable
impacts on the conversion rate and the chemical heat sink. Compared to the 0-dimensional reaction calculation results,
the experiment result shows that the chemical heat sink for the conversion rate is smaller than the calculation. It is
thought that this was due to the fact that the molar fraction of the alkane component of the experiment value was high

and the mole fraction of the alkene component was low.
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Fig. 1 Schematic diagram of the thermal cracking experimental system.
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Table. 1 Experimental condition.

Preheat temp.  Fuel temp. Mass flow rate Pressure

(K] (K] [g/min] [MPa]
1 722 50
2 748 50
3 775 50
4 792 50
5 823 50
6 723 935 50 6.0
7 712 25
8 775 25
9 798 25
10 839 25
1 908 25
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Fig. 2 Gaseous products of reacted fuels at the residence time of
(2)0.43~0.52 s and (b)0.90~1.01 s.
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Fig. 3 Conversion rate of n-octane as a function of fuel
temperature.
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Fig. 4 Total heat sink and sensible heat of n-octane as a function
of fuel temperature at the residence time of (a)0.43~0.52 s and
(b)0.90~01.01 s
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Fig. 5 Chemical heat sink of n-octane as a function of fuel
temperature.

iR 5.

R Cantera 2 AWVTIT o 72[7]. SISET MK, X
T T UL —/L KUCRS  (Knowledge-basing Utilities for
Complex Reaction System) % HWTIER L7z n-42 % D
RETVEFIF LTz, KUCRS 1%, RALKFEOREL - &

BESE 72 E DKL OSET VBT DO T2 DY — /L Th
%[8]. KUCRS TYERL L7= n-A 2 & o DRUGET M

AR E L TTa v BLON-T X UREENTHR.
LNLZRA D, AFEOERRER LY Zh b O A AR
ENDZLEEHBRLTND. 20k, FTuvBLUin-
7B AT BT T V& KUCRS ZAWTIER L, n-
I B DRISET MMAIABER Uiz, n-F o Z,

TaRrBION-T X L EMBAEDET ST VDL
FMOBIT 550 ThHy, AT 3689 XTHD. 22T
ZOFETIVUIRBEET VL ThH VBRZ ST, A0SR
BRI SREREH L T T o 12720, FFICEVWTE OJFF%
BERVRIGD R .

FHESAE, JE£7)6 MPa, iR 900 K 38X TN1000K & L,
SR - RS Lz

41 FHHEERERBHEOEE X6 2RI D
(LR EDREGR %, FEHAT v 7" 04s B L1095 T
DORTHEORER L L biz, WREEMAINRY. E5
RICEHT D &, OfREOHIMAE LR R BRI TN
LTW5b. Fiz, RERMIZBED LT, SfRicxtd 21k
HREEOMEE 15T 5. Z OfAIL 0 TR
ICBWTHIERTE S, LMLAND, FEBREERIZ0%RT
IR R L L C, MRS DAL AR B R DY )N
SWFER ETeoTe, FEBREFHEAE L BIT, (LFIREEITA
IREK DT Z N E—INBEH L TWA T2, FHEER
& OIBIL SRR DEVICERT 2.

22T, K 7% L O TS No.b 35T No.ll
&, 0 WITRHE DGRy DENASRERT. X 7(0) & ()
E BT, BAGERORNERIT R L TWD D, Tk
DIHBIKRFET N G DFNGFERFEL, Tk
DOENGERBMEMERIBRD HiLd. A X S0 C2~C4
DT IVH L C2~C4 DT Ny L LT Z L E—
DERNENT=D, ZHHDEASBOENNT LY, £
FE RO B R 2 Nl T DA L 7o T

SRR DB L2 WEER D 1 DIl 3 —F o JERRE
Z OIS, EBRERTT AN L DEAFERENE NS
ENE, SRERONZIBV T CIRTCR LT H R T 083 £ <
B, ol CIRFRIENFEE La—F 7&K L
TWbEEZLND.

Fio, FERERIONKGRIREOLOTHY, EEWmD
B ARSCHEE AR L W o N OBREBE L T 72
ZEBERD 1O LTEZLND. M T@BLUD) LY,
0 WITHBEITIRRESIEIC X - THOMR DB L ORI IERIC
T AHAEENKRE S B> TWABZ ENb5. DR
111 %ITET D AR, RS 900 K 33 X 1 1000
K TENFH 1613585100038 TH Y, HfiER 161 %
(ZEET D AR, IREESR1 900 K 36 LUV 1000 K T# 4L
Fi2348s B L N0.057s ThHo7-.

UEDZE XY, 0 &eKIGEHREIE, n-do 2 o0y
iR FERAE R LR OHEEIT—E L TV D08, EOERNK
TV ENG 0Tz, FORYD, 0 RITTRUGEH R EE:



400
—-0D(Calcul i 104
350 - 0D(Calculate tTme 0.4s)
§ —O0D(Calculate time : 0.9 s)
=S 300 F | + Residence time : 0.43~0.52 s
= + Residence time : 0.90~1.01 s -
€250 L
‘® e
® 200 L
© -
i<
F 150 | .
£ 100 | ) -
5 .
50 .
.
0 L L L 1 L PR R L T R T |

0 5 10 15 20
Conversion rate [%]

Fig. 6 Chemical heat sink of n-octane as a function of conversion

rate.
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Fig. 7 Comparison of Experimental result and OD calculation
result of Gaseous products of reacted fuels at the conversion rate
of ()11.1 % and (b)16.1 %.
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