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Fig.1 Schematic of experimental shock tube
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462 y3] ¥

% # 2007 4 & 39 %

Smin K2 30min, HELH XHARE, LREEF
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B L—HEMA RS O A R HBES
Bl b FHBR, F o1 55 3 2R AH 38 B Xof IO ¢ Bk 1] 5 S 3B BR
R B ZRE S KEETE 7. 3FH, KAAH
ERHESHAINAXNEERRAENRAERK
s B Z4XBHE, X SiH, MARK JP10
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Fig.2 Typical experimental measurement of P5 and OH signal
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RAB, BESMESRENR ARAERXA
1800K LIF. 7 1100K, A SiH, /& JP10 &5
K EERTRFEIA 3.7ms 4854 0.87ms, BT 76%.
7 1500K, JP10 #9 Ak SERTAF R WA 0.17ms 4558
F 0.10ms, BT 41%.

1.2 EEtExTH KRR ER

SCUS F B S O 2 1B 40 4 B BR 2 T R B
R, ROHYEE, TERRBREREMLSY
MRAY), BESHMN B 12, HEBENE 4
N £ bR E, B PR B B8] % 17.733, 21.993, 25.967,
30.016, 33.780 €5 ik 4> B 0 SR ¥ 9, 10, 11, 12,
13 ISR, HEH/NEAH S FHBMARMAER
6 4> B FIATEY.

160
140
120

21.993'

4 8 12 16 20 24 28 32 36
min

M4 TREHEHRE

Fig.4 Chromatogram of kerosene
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Fig.5 Adsorption curve of the modified kerosene in shock tube
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Fig.6 Effect of SiH4 on ignition of kerosene

ERMAKMBEE L, REALSETHFEESR
TiE 7ms MK ETE), HEIXREZFREX, SRE
FETRRIA 880K, RARHEESNEENTEAK
EES P10 RNES, KBT IP10 SHEE. X
AAfGaESIEEEETMUNEEIHSESH
Fik, B TEMSHRE, BT BBREmRERE
WU ST B RE IR B Y R SRR R e O B
. ATEERERPARBRSBRHERNOAR, &
SRR FEME ST MARE RO B BRERELS
YAk R B RE R M AR R RO B, (R R R AR
Bt S KSR SR R B A R R E A AR ).
KA EERE. HANFEEENELREHT
FEN S XSESENE LM OH g hE kM
R, FLL OH B HELE 306.5nm ALK 5%
00 P 3R AL AE A HUMT R K R A HIBR .

FEAL JP10 FRAR M = der P B B SC 30 K Rl
b, #ATTEIN SiH, XX B AR AR MR B AR AR
BRI ER, Sc% IR E 880~1800K,
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EFFECT OF SILANE ON IGNITION CHARACTERISTICS OF JP10 AND
KEROSENE AS SHOWN IN SHOCK TUBE STUDY !

Wang Su 2 Fan Bingcheng He Yuzhong Cui Jiping

(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
’ Beijing 100080, China)

Abstract On the basis of the ignition experiments of JP10 and kerosene, experiments were carried out to
study the effect of silane addition on ignition characteristics of these two typical heavy hydrocarbon fuels behind
reflected shock waves over the temperature range of 880~1 800 K and pressure range of 0.16~0.53 MPa.

A longer observation time is required as the ignition time increases at the lower temperature region. The
shock tube worked under conditions for a tailored interface, resulting in an observation time of about 7ms,
and the lower temperature bound of experiments was extended in the current study. The uncertainty in the
concentration of the fuel vapor due to the adsorption of the fuel vapor on the shock tube wall is one of the largest
sources of errors in ignition time measurements of heavy hydrocarbon fuels, thus the gaseous concentrations
of JP10 and kerosene were determined in the shock tube by measuring the gas pressure with a high-precision
vacuum gauge combined with gas chromatography. Since kerosene is a complex mixture of many hydrocarbon
components, the adsorption content of different components differs, so the gas composition different from the
liquid composition. In the present study, a simulant modified fuel for kerosene was prepared by adding some
heavy hydrocarbon components into the original kerosene in proportion to the adsorption content to compensate

the loss in the gas phase through the adsorption. To minimize the degree of adsorption and increase the test
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fuel vapor pressure, the shock tube was preheated and maintained at 70°C throughout the experiments. The
conditions behind the reflected shock were calculated from the incident shock speed using the one-dimensional
shock relations. A quartz window was installed on the sidewall very close to the endplate of the driven section
to monitor the emission from the ignition process in the reflected shock region. The emission focused through a
lens was detected by using a photomultiplier after passing through a monochromator centered at the emission
line of OH radical at 306.5 nm as a marker to identify the instant of ignition.

When the molar ratio of the added silane with the fuel was in the range of 10%~15%, the corresponding
mass ratio was 2%~3%, a significant reduction in the ignition delay time was observed experimentally. An
increase of the addition of silane shortened the ignition delay for JP10 at the lower end of temperature range
studied. Specifically, the ignition time for JP10 decreased from 3.7 to 0.87ms at 1100K and from 0.17 to
0.10ms at 1500K. By contrast, the addition of silane shortened the ignition delay for kerosene throughout
the temperature range considered. Specifically, the ignition time for kerosene decreased from 3.6 to 0.91 ms at
1000K and from 0.75 to 0.16 ms at 1220K. The results presented herein are useful for the engine design and
fuel selection in supersonic combustion researches, and also can be used to validate chemical kinetics models of

heavy hydrocarbon fuel combustion with silane addition.

Key words ignition delay time, enhancer, silane, JP10, kerosene, shock tube



