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To contribute to risk assessment of next-generation fuels that contribute to
carbon neutrality, we conducted a series of study aimed at developing a method for predicting the
ignition of a flowing flammable premixture caused by a high-temperature hot surface. First, we
performed an ignition experiment on a propane/air premixture to clarify the flow velocity dependence
of the heat flux, which is the critical condition for ignition, and clarified by dimensional
analysis that it is governed by the Peclet number. We extended this model to apply to hydrogen/air
premixtures and confirmed good prediction results. Furthermore, we showed the possibility of
detecting ignition as early as approximately 80 s by analyzing the autocorrelation coefficient of

the gas phase temperature data around the hot surface over time.



B X C—19,. F—19—1., Z—19 (i38)

1. WFZEBIAE S D =

EREAIIXFTRET A D FB R EKBERD 1O TH D, h—ARr=a2— FFILERDTD, K
RRT =T R EDRIRF T RN F—0, FEEMZEFIEIRIE A 1ER L0 b HEREBZ LR
D/NSWVBIEICHEA T 272 8 & o Tz, T RLF— « BEEEREIC BV TR A 2 OF R K
XL EDLAI L LT\, FDO—FT, AN ZD Y 2 7 ST FERE OB I L IH B R D £ £ T
b, BEFMEE BTN L7270 U A7 5HITFIEORENL ISR T2 Tz, miRELE O 25 K
PEFEAGIZ R U Ci, FRICHE TR A 23 S i B (28728 L 72356 2 4008 L C, iREhd 5 nlikiE
TIRAROEKMETRET ARAR STV,

2. Lo HB

FROIEFNCHE S T AT T, B AR A R OB E A X O RS54 0 E &0 T3l %
AR & T B MM T LV OMEELZ B E Uiz, 15500 A RERIL, TiEh rRME D R D INENE & Kk
ERGICERTM T2 X127 d SN, TIRAREDOZE L U CIEFICEE RPN
HRAOEFICET D EMFEIND, AT, RUFFEORMEITKE 1B AV EHR EORZET.
PRI I A~DISHENFEFICE NSO L WRFI S,

3. WD Ik

A IXOFMENT 2 7 a8y S EBRTPRARE G L Lo @RI X D5 KR K0T
Tk, @KFE/ELKTFRARERNRE LB KER MR TV OHEE, O a2 & o
SRR FHANC X 25 K TFRIFEOMSL, 246 LT, & LTER, i i1 — a3y,
HERRARAT 2 BRAE U COENE L7z, FERIITREI LA RRak 9~ 5,

4. BF7ERk R
41 WENT DT u Ry SRR TIRE RO R X DA KRS0 E T R[1,2]

(1) FEBRAEE K AL

40 mm X 40 mm OWEZET 5, —i 340 mm O = OFR D SUS316 BBREERS % A -,
BHNICIZT TV L AT —Z IR SN a XTI n"HY), xR sSE Tl —FRARE
PEEBRIEDLZLNTED, Hem@PIckEI7Iv 7 —%— 25mm AR 10mm ) Zi%E L
BEARRE Lz, b =4 —~DOHRBIEAEEICEL S, HBRICEDLR/INEEEZORFOIRE %
FHAIL 72, b— % —oE @Ikt s 5m (LU, stmidE) &, miucin-7=dm (B
T, PATELE) D 25%M4E Lz, 25 mm A — X —O%A T e — & —ICE S du7z R BUEVE S
T, 10 mm A& — ¥ —OHAEIT e — & —IZ8 Y 11072 KBEESRHC, EhEnFmiaE zRE
L7o, PAEERZHCIZER 20 mm OBEENIO T 65N TED, I I bREBNOE KEE) %
EHEES 25 (Photron, FASTCAM Nova S12) 2T L7z, b —Z —~OEEFE, EHRLO
WININT —A—% (Hi&EEH, PW3335) [Ttk 7o,

Jg L LImREHTI 7 a0 Th D, il E 0~2.0 m/s O THEMEIL S, Trsiv
SRR TIRAAOYE A2 S I b &, MR 10 25 & L, Z OMICHE KNI
SN2 AT REKE Lz, BROHE IR R ORBERSICE i b n-EH b
VAR A DIGEIZ LD RERIZHIE LT,

(2) BXEERGEOET L

X 11 3HEEEE & B OROZEMERE Y- O —% —~DtikfiaE S (P/A) &, HkE
TICHE LI, & OBIRZ R T, X 2 135 KON E O 7% Sl ERE LR ThH
%o ZHNEVEULTOmRAGT,

700

]

600  —— an 1%
= 1.0m/s ﬁ N B
9500 . (|‘7+o mis§ Flame Flame
@ 400 b Ef 105m/s s
E oom/si 1 A "‘
% 300 Heater Heater
s
k=]
g 200 (a) u=0.0 m/s (b) u=1.0 m/s, facing(l)

100 e vy

0

0 20 40 60 80 100 120

(c) u=1.0 m/s, facing(ll) (d) u=1.0 m/s, parallel

X2.0m/s-41.52-25mm 2.0 m/s-42.50-2

1 P/ALE, DR 4 2 A5 KRF o> A JE P OBk F-



@ P/ADLEHIR E WERMETIE, §, 107

. 25 mm-facin;
(X B HE O HEITIE L A LB Natural Q|| ST
NN, ZDEMEINSP /AR < 10 | | Convection Qé:/ 10 mm-facing
/J\ é < L"C |7 < CE R Elg7j§*aﬁggiﬁ L \ ’? 8 @ 25 mm-parallel

B L TV A3, £, DP/AIC ,*éfﬁﬁ B0no (6] (6.7 ¢2)
] DR E IS U Tk 107 ‘M o0nol6] (26.7 kPa)
THE%D, Tbb, figﬁg,ﬂ}\l? 3 } ©0no [6] (80.0 kPa)
[FN li%ﬁflﬁ“ 5ThHA 5 EED 102 ,AE A Mullen(7]

qwcr [ ]
g)\
LR

P/A(Z 3 K DGR G4 100 | 8% s evel (22

T5) 1%, MHEAKENELERE M = e o P

olce ZORM (BRFAEKEME) A+ 104 il

T CIHEAEREIXZEALE—ED * 102 100 1 10 10

ﬁﬁﬁé"] fﬁ)ﬁ(ﬁ_‘?{ .,G‘%J{_a_ z) . : O) ( 1 )0.94 ) <ﬁ>70.15 ) <E)70.46 ) <ATw,c)1.35 [_]
pcSyL L L AT g

L XBEICE 2 BT L
F—r L TETRRI Mo T o . ; i
B LExnn b, WEas B3 7 ERRARERNERRC
EE R RRRE T A LSS, 1} 5 R(3) DI & EBRT — 5 DLk

Guwe = PJAL 2% %, £12, Ey

DP /AT AEAFMEITRT L TY BT L A CEEE T, WHEORKGET S 2 &1
VRS Y
@ b—Z—0OHET fjyL P/JADBRICKRESZET D, T70bb, b —F—HENRREW
1EIONEKERE72DP/AVNES L 725,
t— % —OREICOWTIE, FRIVUCHTHET D LD ICEE LIZSmAaDIE ) DNEKERLE RS
P/AVNNEL 2B,

@ MHEEOSEE, HNdH 5 EAED i 5 WVIE TR OEKTHONMEILEALETH-
T2o WAV 2V A E B BB K LT, TR E OGS IZAE P LN OE KT DY
ENHoT, WITND, WALk L TAREOTHMNOLEHE KL TV, T772bb, &HKITH
LCEMmD 6 T X THNEFEGT DT TR,

IRLORERE L LT, HAERE DU T — B §y, % ZET D Mkor A o
HrlokddZ & e Lic, LEDOBIERIEND, G J3lTO LI ICKRIND EIRET D,
QW,C_T = fl( p,c, Z' ST' ATW,C'ATad' §w CI, Z) (1)
Z ) L/quc_r = (A/As)qW_cy : :T@Abi%k&:%gj—éﬁ;ﬁﬁ%:_‘qs&i%ﬁﬁigﬁy J:iLROD@
0 A INATR 7 B AR 2 A L 7= B 2 26 LTV D, DEBMREER, SRR
, CITTEREILEL, S, (ZRBEREE, SpIiT PR EE S, AT, 1345 Ko B IR &
SR DFE, AT g 1 ZWrECKRIEE & RIRKIEE O, L 3ShE FROEETE, d 3R
DOEVE TS %, Buckingham O m EHIZ LY, K(D)Z2EXReibT 2 EXQnELN D,
‘7wcr /T ST CI ATWC
* = — = = —_— — = — 2
Qwer =568 AT, ‘ﬁ(ﬁa%L’L'L'AZm> 2)
EBRT—H b lilma— PUETEERTEORNEFTHELEOHEEZ RS, BEEEZTED
5 EXB)EED,

— 094 ,s \ -0.15 , - —0.46 = 1.4
* CIw,c_r =X A ﬁ g ATW,C (3)
Qwer pCSy AT g péS, L L L AT 4

KEB)E, AKER &R DBWRNT Vi (BRI X 2888 & i) TXilihbd Z
EERL TS, TR BBIIC L 2BBEN 0 T IEHUIC L 2 BB BN X TREWEA, HX
LI RBZ EZEHRLTED, BBOICYH, EBRT—Zhbb2YThsd, XB)VHUE 1
HONEFHE 1, HI3EORIFEKA-05 LA L TRB) 2 HEHT S L, X@)EH5S,

) B 1 ST_MS . 4-015 ATw,c 1.4
Qw,cr~ATgq - f ! 7065 ' ATad (4)
ZHUT R, ARICOI THEKER & 72 5B R A2 KD 5817, K 313 B)DRREE
BRTF—2BLOSELOT — 252 5bE T 7aey hLEELDOTHD, MEOCHEIZL-TT
— A2 BN ID T E R DND, ZAUTKEA = X LDOFEWICEK T S, £Z T, £
ZXVEERAHE, BRI THAIESRX 2 RkD D L X =916 (HARHL) BELOX =4.62
(R ) 2157,

42 KFSELKTIROGR ERGE U KRS T T LV OHEE[3]

(1) ARUFZE OB K& O fiE 514

4.1 EiCTHESE LT, BNEAE KGR SAED T 7 L o P 2 AR 9 5 -1, kH#E %
[TRER S E LTCRBROERZERTH L & Lz, L EREEIT 4160 b0 &

©

~

W T

N
751

W




RUThD, BREHZITAKFE (KRB HEER, HE 99.99%) %, MLAIIZTEMAZ L— RO
28R AWz, REBRTIIERMIEOHA b, LBtk I o FBITFEMET, LTOR
JESFCHRBR AT o T2,

- ERAS  11vol% (¢ = 0.31), 17vol% (¢ = 0.49), 22vol% (¢ = 0.70)

CEEEAR : 69.8vol% (¢ = 5.50), 71.6vol% (¢ = 6.00), 74.6vol% (¢ = 7.00)
WX 0m/s BXLUN0.5m/s & L, INEEERNIERK 10 o & Lic, FRE - BIESEMF TS5 [HE
TOBFKEREZFEML, 5 FDOIH 5 [FEHREKERDERKOELLHKEBRGFMELERL
Too BREBERZRICI VAT IZEN b T A2 v 22XV, 105kPa LA EDEN ERRASNTZHE
TAEKEEFR LT,

(2) FERROZEE

21T LTz, T usss m e L L2580 KR, & P/ADRERIT, KRB ZIEL L LToib
REERTI ey FLEELORBIK 4 ThD, 2 LOREIENT, KEOEHET,LP/ADH
RNREIZ L > TELT 52 L TH D, BRI, FiiE & b S BEAEINT 222N TH A
B L 7 B PJADNEEIN %, BN A KT A S— 27 35 K73 CITH T, 3 KIRO AT « BAAZTE
i) TR VX —FENNSVOT, HKITITHY B2 BEE 5, LRn-T, BREEE
FE DY BIRIFED N S WA, FICRRKOBEE ERBREE (Thebb, KIS 2 Rk
W) DEGEERRR L 7o o THEAIEMEZLEAT D EEZXOND, L LR LKEOYA, BRI
PAT 5 ERBERE N R E S ZALT 5 9 2, ZOHHE S KX VWD T, Ty /R FiREK
TIHEBEKIZEL WL RYEERTYH, HBRKIZELILENELTL B, TNz, HKIZEDE
REMICHBREREENETLRLTVWEEZ DN D,

700 ©0.0m/s-2.1vol % (9=0.51)  m0.0m/s-5.2vol % (9p=1.32)
| — | 40.0m/s-9.0v01% (¢=2.37)  #0.0m/s-9.5v0l% (¢=2.52)
600 01.0m/s-2.1vol % (¢=0.51)  O1.0m/s-5.2vol % (9p=1.32)
4 £ 1.0m/s-9.0vol % (9=2.37) ©2.0m/s-2.1vol % (9=0.51)
jﬁ . |D2.0m/s-3.6v0l%(9=0.896) A2.0m/s-4.0vol% (9=1.00)
500 6 O ot | o20mis52v01%(e=132)  x2.0mis-6.001% (9=1.53)
i ! - +2.0m/s-9.5v0l % (9=2.52) @ O0m/s-11vol % (9=0.31)
400 H ! o EII ®0m/s-17vol % (¢=0.49) ® 0m/s-22vol % (9=0.70)

: A 00.5m/s-11vol % (9=0.31)  ©0.5m/s-17vol % (9=0.49)
> — ‘\ | ©2]00.5mis-22v0l% (9=0.70)  ®0m/s-69.8vol % (9=5.50)
g 300 ‘I hydmgen_, : (X | *0m/s71.6v01%(9=6.00)  ®O0m/s-74.6v01% (9=7.00)
'*Z *‘ " 5 00.5m/s-71.6vol % (9=6.00) ©0.5m/s-74.6vol % (¢=7.00)
£ 200 S
[

[
100
0 ;
30 40 50 60 70 80 90 100 110

Power supplied per unit areaP/A [kW/m?]

4 TRy SERTRAGR M ORI ERTIRERICET HP /ALt DB

10

¢ 25mm-propane-face

® 10mm-propane-face

© 25mm-propane-parallel

® 25mm-hydrogen-natural-lean-face

101 AP
1 ’ % é’ \ ¢ 25mm-hydrogen-natural-rich-face
2
& Py 025mm-hydrogen-forced-lean-face
0.01 ‘e forced :
5 & orced convection || 25y m-hydrogen-forced-rich-face
0.001 |
0.001 0.01

X B)DFERY

X 51X 31CKFEAREE LCEEERZERTZLOTH D, £9WHE 0m/s (AR @
By, WEMR THEONARERIT T B N DR & BIFIC—E L TV 5, BRMAIZI T DfG
RIT7TaRXUOfRLV L TICTry FE, T72bL, 7/ X0 EK LT NI L%
BRLTWD, LR LZNLANOT =2 I3BBLRB)DR R~ LT, T7hbb,
RO XD A REEEEE O LB IMKEMEDN D > THZORBIIRENTH Y, HKICEDLHERD
BGRHIL T Ry S ERTIRARD R T IKE/ERTRARICRLTH, AB)ICTBEB X
ZTYHARETHDZ ENTN-T,



4.3 EIRENEJE PO SARIREFNC X 25 K TR TEOMHENL[4]
(1) AF—~ofsE
4.2 BiE TOMRFT, FIREXD SR

[ 800 | ;
%Lf:%/ﬁ\&iﬁkﬂiﬁébﬂ?&%ﬁ:%ﬁ 700i i
RIS 5 FEASHELTX 72, L | ,/r”*
LAads, FRAOGAEBRAGIEEL  § %! )

T, T2 ) FRF DI TIEASAEH g 500 /| i
ThHd, TIT, FIRAKEHBATDO  § 40! Mo
B2 & 5 HKBBIZHONT, BEiRE  § 10m
L ORMIRE OF IR 25 2 2300 jinte
Llizky, HERkoTIkERHTE 5 FiE &zooil i
DFTHENEIC SV TR LT, | LAMLN|

(2) WA TR O ; ;

4.1 FIoR U= R 2 A, A Jl—— : :
IR K R F (3 — A % 0.1 mm, ¢ o0 1o OU 200 2% B0
JEEGEE 1ms) A 1 NEE LT, A fmels]

DORFNREORFZ LG L=, X 6 et
SOl Ch B, [ 6 ke, 6 B CHBIRES OB
FIMTRRE T DRM (LIT “fAr X

f17) OF —2EnEIRET D, HDRELNZE T DT XN OIRE T — & 2Rz, | CHAEITIX
RIEZED, EITXENATED X A LT TkIZ T THIRET — 2 2z L v, mE O
125 (A CAHBIRE) 2R D, ZOMTXMOE ~ % 10ms 32188 L C, B ARBRED
R Z 15T, ZORRNRK 7 Th D, ITXKHEOMEIL 10s (n =1000), ¥ 1 L7 7Tk =1
(10ms) TH D, HFORIITEK LZBEZ R LTS (HIEE69V,70V), ZD 2 7r—
ANIEK LI —ATH D0, BOMAHBEREELD DA BIZEMCEE T TR Y, AROBRHIC
ZIZIE 1 o TWAE, —F, FNUSND 4 7 — 2Tk, B CHHEMRE Ok 72 Bl 5 )33
HiD, Tbb, REKKEO X 5 IZRBESOR ORBNEEIZF > T2 RWGElE, \EIXT v
K LZEENT DD, BKO L D ITRBER S DR EIZTE > T 25A1E, IREIXATORREIC
EE TS OFELE “R2TWD” 2D 8 CHEBRESBNCEE L 5, Ko T, H MR
DOEEZEAL A BT 5 2 & T, H AN E HREICHETE 5 TR &, A B0 F25R S BT,
H CAHBIRE S s HHINCHEE U, 08 B2 2 G0 2 BIE L L GRZE, BXF80siEE
BHICEKRERMTEE ) TH D,

1

70V Ignition _ Ignition
0

0.8

0.6
0.4
0.2

0

Autocorrelation coefficient [-]

-0.2
-04

0 100 200 300 400 500 600
time [s]

M 7 #EINEEICHIT D KFERE O E CABMRE ORI, 69V, 70V 1%
Hk, TOMITRE K

(PR SC « HEFER)
[1] Imamura, T, Sakuma, H., Nakazawa, M., Kuwana, K., Critical Ignition Conditions for Propane/air
Premixtures Impinging on Electric Heated Surfaces: An Experimental Study, Fire Safety Journal, 140
(2023) 103897.
[2] Imamura, T, Oh, S., Maejima, Y., Suzuki, Y., Takeda, N., Nakazawa, M., Kuwana, K., Critical Condition
of Ignition for a Stagnation Flow of Premixed Propane/Air Mixture Impinging to a Heated Surface,
Asia-Oceania Symposium on Fire Science and Technology, 2021.12.8. (online)
[3] Wi W, 58 Kz RET 5KkFE ERTIRG KOS KFHE, 2024 4 0 AT
AR RS S R, &1, 2024.38.
[4] 54 Kz, =i Wl 7o FharxFTh =vy U—, 4 RETIRAR
DOENE A KBIR O BB Fik, S 6 - A ARSI ST RS, BH, 2024.5.25.



61
2022
DOl
Tomohiko Imamura, Sensho Oh, Yasuyuki Maejima, Yudai Suzuki, Norikazu Takeda, Masato Nakazawa, -
Kazunori Kuwana
Critical Condition of Ignition for a Stagnation Flow of Premixed Propane/Air Mixture Impinging 2021
to a Heated Surface
Proceedings of 12th Asia-Oceania Symposium on Fire Science and Technology (AOSFST2021) -
DOl
Tomohiko Imamura, Haruki Sakuma, Masato Nakazawa, Kazunori Kuwana 140
Critical ignition conditions for propane/air premixtures impinging on electric heated surfaces: 2023
An experimental study
Fire Safety Journal -
DOl
10.1016/j . firesaf.2023.103897

18 0 3

Tomohiko Imamura, Haruki Sakuma, Masato Nakazawa, Kazunori Kuwana

Critical Ignition Conditions for Propane/Air Premixtures Impi 1 nging on Electric Heated 2 Surfaces: An Experimental Study

14th International Symposium on Fire Safety Science (1AFSS2023)

2023




Jun-ichi Suematsu, Tomohiko Imamura

Relationship between Transient Characteristics of Burning Velocity Just After Ignition and Quenching Distance

29th International Colloquium on the Dynamics of Explosions and Reactive Systems (ICDERS2023)

2023

2023

2023

55

2022

60

2022




2022

2022

2022

2022

PIV

55

2022

Tomohiko Imamura, Sensho Oh, Yasuyuki Maejima, Yudai Suzuki, Norikazu Takeda, Masato Nakazawa, Kazunori Kuwana

Critical Condition of Ignition for a Stagnation Flow of Premixed Propane/Air Mixture Impinging to a Heated Surface

12th Asia-Oceania Symposium on Fire Science and Technology (AOSFST2021)

2021




59

2021

2021

2021

2022

2022

2022

2022




56

2023

56

2023

2024

2024

2024

2024




2024

https://imamura-lab. labby. jp/

https://imamura-lab. labby. jp/

(KUWANA Kazunori)

(30447429)

(32660)




