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Abstract

In this study, the experimental and numerical investigations of the ignition of
methane-air mixtures by a electrically heated wire have been carried out. In order
to define the initial condition and make the analysis simple, the following control
unit was developed; which heats the wire to the setting temperature in a very
short time, and maintains the wire temperature constant until ignition.
Experiments with the feedback control have been performed using nickel and
platinum wires in normal gravity and microgravity. From experimental results,
ignition temperatures in normal gravity are higher than those in microgravity,
however, the dependences of ignition temperature on equivalence ratio are not
affected by natural convection. Numerical calculations, including catalytic reaction
for platinum, have been performed to analyze the experimental results in
microgravity.  Numerical results show that reactants near platinum wire are
consumed by catalytic reaction, therefore, the higher temperature is needed to

ignite the mixture with platinum wire.
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Fig. 1 A Schematic of the experimental
apparatus.
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Fig. 2 A Schematic of the control circuit.

oo HPZgs FAGEE FEsta, 1 4A
#e R.Y ol s ZHEG. dHE ¥
3= HAE - H3lX](Wheatstone Bridge)<]
Ro— R Atolst R.— Ryy Ato1e A9
E 47 AF FEI2A JHIY. A% =
32e M9 HUIAEe] Wl ol A
& F2E - HIA9 BHY AL £Z35
AY FEHEE AAA, o|Rd vlHT A
2 - HA  Fg@Y. o
(Feedback) Eo 93t} dMo 3}
LA FAE 4 ek Aol AF =
I 2x9ke] Atoldl A9l 1a 3l
A7 Jomz Mo AJ S Aojsies
2 gM =& AojsiA Hd.

7tad EEV|2M e dg-37) dEdrle
o] &5}, FHH| < %**—4 AR LT E W3
/‘]ﬂ“ﬂ AES Pt 4, A2 gold A

U

-

3

o°‘ o
oo ot EZ}’., T
o e nqo to 1= nfo

_

LWt dERlE -%—aam 345
AN ABE Aske Are. 4RI 29
g do) gue Jldan, dEdle Fsad
MlagEgels 49e FUse Ave, A9
A7) BAE detd Yol wigol, 1342e 29
g ¥ ol AYPA BAE AU
Fok ANF, ARAAL H1258 270 o)z
B oelaEY A 294Ad s AgHos

M2 AAZAI} FF3e} oy, AE A3
EXEHY JAE - HIXY A FFY A
2 T Er}o] @ = (Photodiode)d Y Aleg
xg Wrg eAzAzZZ ZF3cl u)
=8 742 ¥ F 2.5 mo IS o] &3s
o gl ojste] der, maFy A
He & 0.6 fA1E

_l

B

-

i~

3. TR dH

FAA A A9 A 2de e Bt o
Fo 2% 2olo) 459 ne B, 3
A3, & B dFh JlAY K%



ab. ) & 2= 3 d 4 3] ]

ol vlsted 3¥3 7] WEel, g
Aot AZsn, Bed L5F BEY
AXA geth FARe gge g @4
% 3 WAes Yoluta gada ¢f 3
ek, Au) g
13 BEN, X BEY, U s
neista, et 2o

flo rlo rlo

o>

9% HEAE ol &

dp 1 d(eVr) _ (1)

3V, 1 3o, V)
ar 4 ar

+
k-]
9]
<

o
~

N

_'; aar(r %Z)_ 21“’"‘”‘ (2)

+ov ? Yo

at TPV lr;r("D"" aal;k)+“;‘ (3)
°47l°ﬂ’\1 3h3tEel PP &L 29FFe
S I 134709 b sshabg2Yo
ottt 2 #EEel B3-S JANAFY ¢
EQEY e ol gaUT).
BAZAL T3 Zo] FolFT.

_t;OL

el
26

Y¥r=rvr, CT= T”W V= 0 pD,( aazk = ::Ik Wk r.SI\‘ (4)
9T V_, Y,

r=oe a)':O ??r_o ar =0 (5)
ANH, v, R vpE Eupgeld HeE
k% Qme) FE(HR) ASE et S0
Hgo] gle B84 EW(Inert Surface)d 7
9. 2] WEE gl 00 U 44
Akl 7

AZAE F= gH9 93 2 7

3 mm, 25mmeo°]|t}.

2 Aldtell A 2xojzl Wiz FWoA e uetz)
5 &2 T o] "©g”)

r'5R=Aexp(——1€—st) C e, C%, (6)
S| kg-2lolA] 2 G433 oy E AXA
912} (Pre-exponential factor)®. Trimm
Wo| At Esx = 134.7 (KJ/mol), A =
1.3x10"¢] g ol &ttt 4 (6)l veh
oA ZojutggL e XYW AESES /M
Langmuir-Hinshelwood #2]e] g w7y
F< Z Jehdr, ,

FRIALANA AEeE &0 Fele, A
A9 sEkgel 9g WAl A AZL ‘374]
(Time Step)®t} Zropxl F3to] Yepd &3t
o2 gt} olz3 dHAsle Foe= °]%6H"—1
oA g} AMEE Van't Hoff criterion® &
TEHE 229 BAE F3lo U
A3 2 AAA = 2+ A4t A2 RE
A3 drixe 71zt 2 Huy &= Ze 7
o] X2 A}

ofit ¥ e

4. 44

b=

FX|AlLe] A7}

4.1 Mo MH2Eo £H

Mo dAers AR Ao 2o Eo
Ae AAXNEG R.9 ol &) AAHEt g4
9] A Rpyye oS 28 Hoz ¥

NN

(7)

R.2 gl B 7& A(Del oja Aax 2
B y% 2xske BANM GHY HPew

T2 AXE & b 28AT, AYelxe
gHel sgez TR wAsd 4
ARAYE 7t AFsA gomz, A9 Yo
2t dde 4HLEE R ANE & 9
o,



Vol. 2 No. 1 1997

ME-7l dE37)e dugste] viA = Fujuty o AAdUF T 33

2000
1800

<
~ 1600

1400

—a— Nj

L s 1 a2 13 13
14 16 18 20 22 24 26

R, (MQ)

1200

Fig. 3 Variation of the setting tempe-
rature with the resistance of constantan.

2o dFeEE FH3] Hdsl, A4
7] Woll AAE FAszn, R . 499 3t
A Fo) AL JMEEY. F meA
(Optical Pyrometer)& o]&3led Mo A4
o HxemE F4stn, ot 2L Aoz
B gael Hgers oo

T i _ 1 i log () (7)
s +273 T,+273 9593

olg A& o8 R o Wistd i PR,
- T8 FAE 7. UaAs 2 aiado
g AAE Fig. 3o Jeliz, 2x2ex &
Absld kg3 22 2oz "u)

T,=—-1027.0+207.6 Rc—3.98R% (Ni) (8)
T,=57.7+145.5 Rc—2.6TR % (Pt) (9)

%ol AgsE UAM 2 wFdel ¥yes

. d¥zxzez d3d R 2%Y 4z 4
(8)TH9) ol o3 AAE e ojn]ghe}.

4.2 MsiX|H(ignition Delay)2l Mol
Figure 49, vl&Fg 2oy WFH S o) &

-
N

o

o

o 1
Ei10 : L> -404 2
Ignition dela 5
0 sf<€la Yy —)'. _0.321
8 ' 5
©° 6 ] (o]
> 1 -102 @
E®]
8¢ 1 ke
g2 | ! 401 2
3 { _8
(/) 1
0lll].lllllll]lllllllllll 00 U
0 0.1 0.2 0.3 0.4 0.5

Time (s)

Fig. 4 Histories of supplied voltage to
the wire and photodiode output voltage
for the stoichiometric
platinum wire of 1751 K.

mixture with

ste} ol2mPH e HWE-Ty GEAIS M
NAL We aMomo TRAY U AAD 3
Qe W) el o% TEgo|eEe 2HA

shgdo] Y Lol o
St} Zkste @3t
ol #A ol ,
o2 do| 4940l L%}
AN Qo Aoz AzEd wEy E
AgelNE, auEne AA wotel slze
249l QAL GALeEs} APesd £
st FFAgel Fadr] Azets WEH o
W19 Asst dolue £7AR e 28A3
oz Boa

4.3 ME2To| o5t M3ix|do vist

Figure 5o, °|&&%ule &7 dis}
A @ FAANAAN D& HsA A F3
Uepd, B dF7dA A5 F e vlaF
AgAIZEe] ok 0.6%0]7] W&o, HIAA
e 0522 3. £, H3x A9
taae oS3 Zol AFHAJY. A LexE
2Pd wat NEAZE ZojRa HEAAL
Foldch B dFdiMe, Malx|dd thate 7}

o ® e 8

ol



34 FIL-AE fi S P B

0SE o Ni-g
] % LIS ® Ni-mg
Ohad 3 uy qJnE' o Ptig
N - ] ®  Ptmg
F03F o B
3., F .‘% @)
cVe
2 E aB
c0.1p
= E
0 :I 1A l LB L I 1R 1 l 2B B l L 8 0L

1200 1400 1600 1800 2000 2200
Setting temperature (K)

0.5 v
. E |t ' —-— Inert
—_ b U | L) Ni-m
04 9
- T \ .'. ----- Catal
§0.3 :— ! \\ - . Pt-mg
o \
O T, A
s F "
h=4 o \ N ]
501F "« N
00 :l el s :T iaal sl g

1200 1400 1600 1800 2000 2200
Setting temperature (K)

Fig. -5 Variations of ignition delay with
the setting temperature for the stoichio-
metric mixture.

¥

Qo] Fhsd B BEFE APRA] g
sl sn A9dstel dae 2as & 4 9
SEE clyaelt G & GFNE A1
Azbel ok 10Me) e oz
st

grozs #FH L UAME ol gl o
zEgulel dEPole dae AuFEy 2
ol2FE g 239 HEHADY) BAE Fig.
5-(a)e] UerdTh &GS HBA17] At
WFAE ol§¢ Hol YAHET e 4
Fewst gasgic WFHY 35, AHALD
o o ek BAFAYR ol 7oA
AEYNE WA e At AR

2

*

__1900

< ]
~1800 |- g 0 " o poao
o m B iy
21700 g 4 ® g 1 aw
o []
2 1600 |- T 3
£ O ] o Ni-1g
£1500 |- 3 g e Ni-mg
c : i (a) o Pt-1g
81400 |- m  Ptmg
= 1 M n n r I
c,1 L ' ' 'l
= 30005 1 1.5
Equivalence ratio
————— Inert
e Ni-mg
21900 b -—-— Catal
:1800 = ( )i B Ptmg
5 i L
51700-|'i _\‘%ii
8 1600 |- .- -
£ - [ ]
£ 1500 |- 5 L}
C s -
S0 b 220 e
5 _r
st 1300 a2 'y L I i 'l '] Il
0.5 1 15

Equivalence ratio

Fig. ©6 Dependences of the ignition
temperature in an ignition delay of 0.3 s
on equivalence ratio.

naFH Mo d34FE e R =
GHRHE o] 8T FAATAA 22 HEHAA
A7t Fig. 5-(b)olA Hlmgch FRIALY
AEET {2 H9Y 4N F3E
AATh o 2}, AN 2E 7 A"
0.15% olste] HY3Ald2 A3 2=t wokll
et AP o2 HMEe 4 5 AT

4% o o

4.4 Hai2ro| gE|o|EY

Aol o 71aAd ERVIS Hae 99
=¥ okt EFrIE 49l HER /\lﬂ
Z HA Aoz &t mEha B Aol
B, H3ALY Mde] E3Hd HE2EE AL



Vol. 2 No. 1 1997

Ae-57) ER7)S dEA el VA= Fajit g 2 AAdF 4% 35

9.51 -
=3 _:_ 0s
r F oo
~ = As
9.50 n lllllLI_l_llllllll

0 05 1 15 2

10°
< (a) Inert surface
T ¢ =1.0,T =1350K
o s
--610'1
c
§e]
©
®102
‘t10
Q
3
10° ‘
0 05 1 1.5 2
Distance (mm)
10
Iv (b) Catalytic surface
5 ¢ =1.0, Ts = 1650 K
S0 Os
C
Qo
802
t10
Qo
3
103 L
0 05 1 15 2
Distance (mm)
Fig. 7 Typical distributions of mole

fraction of CHs for the stoichiometric
mixture.

ATt Haexe, dPexe HsAde #
AZRE H3A Aol 0.32Y W MALE)
goz Aot Figure 69, EHAE Sl
et A 2 FAAAA Qi Hzerel
Za] ool #AAE e

gHozA Wad L YAME ol&die A
8 2 AP I HILLg
g)eole] AAE Fig. 6-(a)dl Jehdch 4

(<}
A2 wFdN, nazegdAEd A

i oft ox

Rzt EAste FESHERAA L Hpe=st
=tk UAAde 45 Haexe B30I S
7Vl wheh golxith, e Bls), e
HeeEe o|EERH WA Huzb "o
Ade FF A Fe ZAHA, YALEGD
WM FeeEr 4. ;

Hat2ro gl diste, ma
AollMe] dPdael Zojgw 9 2EHF
o] &g FAAAIMe] Azpete] HIAE Fig.
6-(b)ol Uehdt}. ZujRrHe] A $E o|8EH
¥ B2oA FixErt Ao #HedE o0&
P APAHE F9Fes Z et €8
g At c]2TvAA AH3t2rrt F
ol UAHdE o83 H¥AFH H4H
E 2YAEAH. o] EdAE dUHZ | »
T YA 12 Atsle] 43k 7lQlate A
o Agstn A

o If

==
=
kil

o P> ox ot
X K
ra

i
Ay
—_—

o]

5. Anje| £9|

o
]:1
i+
0x
3
2
=
X

Ir
I
=
e
0l0
1o
08
ook

Kl

Figure 69lA & $ S8l%o]
Hlg] FvigHels H
AA detm, £33 A4PE g A D
A YAMRG WFMel Hae

2
ot
rlo
K
e
ot~
ou%‘, N{mfll

F o o
o

=
uj
£
i
R=)
£
o
riu
Clob
e
=
<
rl
=
S

T R A - ST G A

1o
L
ol
i
>4
=
l;op
B
2
o
[e!
e
)
o
i)
)

e R 1

M Ok fob ot oo 3O at rfo 2

2
2]
2
i)
S
o
e

"o}, Figure 79, (a)

derich $BYERe 35, R e A
o YRH}, FRHE Yohte Wl 37
8 gadc adl va F9EEe 4e, A&
W7t Gad BESE AL 2718 S
o wgel 2u)7h doldth Zojugo)
& wggel AvATSNE, Fohigol

of

olo
% 2



36 Ay

5 PR b

2

(mol/cm /s)

0 0.1 02 03 04 05
Time (s)
Fig. 8 Histories of catalytic reaction
rate calculated with catalytic surface.

o8 LMY Ho| dEFrle Hae s}
37} EASHY . B A7 e gHes
32 E Algdle] ANLEES YA Fo)s
m2 Zuwkge] WdEd: duAsldE o
FS u]X)x] ger

Figure 89, AAL&% 1650 K9 Zuvjxw
A td FAALNN de B 0.6, 1.0,
1.49 E@718 FWHsE g Znples
o AZA WHE Uehit Eujulge o za
71228 B Esl ugEo] ZumjEHo|
FFE o] wgo] Yoluz WS Bo] FAS
S3lo] dEFPr)E Bolo: FHPL AMHo=
3 E AHolth, Zojuteee T/ WA
of e ATRY zZasly| Ageled, U
37} dojue &3kl FAY Havt ol
o2& R Zujutgo] FuaA o

o 2 e

ot FWUSI £ olvdth ZohEReA
o FRHSE JANSRT} Fojurge] ool
2 Aoz A7Eoin

5.2 HeiXstol o|x|= XADiFe HE
AL g igHg o83l HES g3 A
el A, vlihFEARG FAAEE Ao
A7t =4tk Figure 99, A&l
o3 dslexe Z71E Jepit o] e 4.2
Aol A At Halere] HAzRy HxAA

4

o L

e C o} ?

* s K H
e L o (a) Nickel
s F -

E Lk c e ® t =02s
[, =
3] 5 -

’_23 E o o : n tig—0.3s
N o ™ o 1,=04s
s p e e

= - 1

S 0 Il r'l '3 'S Il I} Hl ']

05 1 15
Equivalence ratio
® t =02s
9

s " F o prat " Y=03s

2 5L (b) Platinum o 1t =04s

* o i o
€ o
. - O

e oo0°w, 00

X s e " a
§4 - ° = e ® o0 .

- - 1 ¢ © [ ]
o2 @

|

1 1 k'l i l 'S '} Il '3
00.5 1 1.5

Equivalence ratio

Fig. 9 Dependences of the increase of

ignition temperature due to natural

convection on equivalence ratio.

°] 0.2%, 0.3%, 0.4%% weo| AzjexE F
], AAFEY 92 nAZEANANY Hie
T g plaFYE NN HI2EE Yo
AArsE o

4 YAXY ALE, dAcERE F99
dERVIZE dAG mAEe AARFe 4T
< AR, AAdUFIE Joed fFo] Loyt
I, AEFY delo AMH AT DA HE
st AlZke] Folx]7] wiEo WA} A

3 Ag oo Zopgo] o
t AduRe 9% 2eg Past Yo
AR 9ow sHeFo] GMel FIFT A



Vol. 2 No. 1 1997

sie-z7] 7)o R se v £

njgkg % AddFe] 9 37

2L ot
AP sE oS

WgE

AA A

247}

6.2 &

2% Aolg2E AS

. A3 ;(]0:10] 73g H3zle
94 Fulols dodeh YA
stexe gEmle det ZrbsAn,
ASE o] 2EYHIA Hule Haew
2 Uehiith £8, UAMT wZAelael A

gere aZARANEG AAFIRNA
BT P GHE olgstel FAB A
& P TR S, 9 0ol HE Zojuke
wdg 2 FANNoRYY 49EHE 4
Yatgch £xANe A3e vg-37)e) o
EYU RN Bulngel BESA o
IRUHE AATE welZT

¥ oeRe REAS TE ST T
APANY £HE ATE N2 AR
CE QTS Fudd oM Be e
R e
B me, @IRE wS, MEEE B K
AELE BB BT 2E BAR g2 B
NSETIS]EY

S |

Ho
rel

1. HBEH—AR, M,
1976.
2. H F. Coward and P. G. Guest, "The Ignition

aHZE%, pp. 51-63,

10.

of Gases by a Heated Surface,” J Am.
Chem. Soc. Vol. 49, pp. 2479-2486, 1927.
N. M. Laurendeau, "Thermal- Ignition of
Methane-Air Mixtures by Hot Surfaces: A
Critical

Examination," Combustion and

Flame Vol. 46, pp. 29-49, 1982.

H. Nagata, H. M. Kim, J. Sato and M. Kono,

"An Experimental and Numerical

Investigation on the Hot Surface Ignition of

Premixed  Gases under  Microgravity
Conditions,"  25th  Symp.  (Int) on
Combustion, pp. 1719-1725, 1994,

C. K. Law, "Transient
Combustible by  Stationary
Bodies," Combust. Sci.
pp. 237-242, 1979.

C. K. Law and S. H. Chung, "Thermal and

~ Catalytic through
Reactant Depletion," Combust. Sci. Technol.
Vol. 32, pp. 307-312, 1983.

X. Song, W. R. Williams, L. D. Schmidt and
R. Aris,
Homogeneous-

Ignition of a
Isothermal

Technol Vol. 19,

Inhibition of Ignition

"Ignition and Extinction of

Heterogeneous Combustion:
CH; and C;Hg Oxidation on Pt" 23th
Symp. (Int) on Combustion, pp. 1129-1137,
1990.

W. C. Rivard, O. A. Farmer and T. D. Butler,
RICE: A Program  for
Multicomponent Chemically Reactive Flows
at All Speeds, Los
Laboratory Report LA-5812, 1975.

R. J. Kee, J. A. Miller, G. H. Evans and G.

"A Computational Model of

the Structure and Extinction of Strained,
Opposed Premixed Methane-Air
Flames," 22th Symp. (Int) on Combustion,
pp. 1479-1494, 1988.

D. R. Stull and H. Prophet, JANAF
Thermochemical Tables 3rd ed., U. S. Dept.

Computer

Alamos Scientific

Dixon-Lewis,

Flow,



38 Gk

AFF

#2AL %A

Commerce, . 1986.

11. D. L. Trimm and C. Lam, "The Combustion
of Methane on Platinum-Alumina Fibre
Catalysts-1," Chem. Eng. Sci. Vol. 35, pp.
1405-1413, 1980. ’

12. BA THEFE He, RREC X 2880
%75(% JIS Z 8706, p. 9, 1980.

13.

14.

EFM, EAREL, MEETFE, BTLE,
WEES, BB R T AR FE
S-BA BHH2E, Transactions of JSME
-B, Vol. 63, No. 611, pp. 279-284, 1997.

H. M. Kim, H. Enomoto, H. Kato, M. Tsue,

and M. Kono, "A Study of the Ignition
Mechanism of Methane-Air Mixtures by
Inet and Catalytic Hot  Surfaces,”
Combustion Science and Technology, Vol.
128, pp. 197-213, 1997.



