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A Study of Flame Inhibition Effects of High-Concentration Water Mist on CHa/air Premixed
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Abstract : The flame inhibition effect by high-concentration water mist was investigated experimentally. Measurements
of burning velocities for water-mist-loaded CHas/air premixed flames were conducted by the angle method for various
equivalence ratios and the water-mist mass fractions. The characteristics of water mist, i.e., the particle size distribution,

the mean droplet diameters, and the water mist mass fraction, were obtained basing on the Stokes’ law. The vaporization

Damkdler numbers were also evaluated in all conditions and were confirmed to be high enough leading to the complete

vaporization in the preheat zone. The experimental results of burning velocities were compared to the numerical results
and other experimental data. It was found that the higher water mist mass fractions were attained than those in the previous
studies, and the experimental data of burning velocities became much smaller than those obtained by the numerical

simulation.
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Fig.1 Schematic of experimental setup.
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Fig.2 Relationships between U,,;, and mass flow rates.
5, X3,
6 deist
fvDPmax) = : (5)

3=
TPH20Dmax” Neotat  @Pmax

cEwENnG, REG)DficEl—MRoXz2EHA3 5 &,

1

fPrae) = an
N max Ntotal dDmax

= ADypax” exp(_BDmaxﬁ) (6)

EEREINDG, 22T, A [1A] 1ERIEE D, DRLT-DHAREHE
bl orEMETHL. XG), 625,

1

a+3

. deist —
Dmax

dD,,

ax

A" exp(—BDpax") (7)
(A= AT 10 Np/6) DMF NS, DABIBOE I E W T
1%, WEEOKIL-RORXZE ATk LK X 7)) o
MADERNEEZ £ 5729 2T My & Dypae PHEMEIZ XS
L Ci/NEHTEEZEH LT A, B, o, pRIETS. L
Lo, FEEOWETIE U, 2 MV, JRKICHRE
ZIENTERNIEDS Ny ZVET S LIZHEL <,
A DEOPEZWEETH 2. 2 2T, fy 1Iflb D A%k



52

& L di/dD,,, % HH\iz,

P Brotat P
dDmax - to;al fN max
= A Dmaxaexp(_BDmaxﬁ) (3
TPH20

B 2(a), (b) 121, RABOFETH SN 4, B, a, B
Z 7SRRI S FIRFICR SN TW 5 2%, EFREATh
2 U,y = 0.5~1.2 m/s DRPHICE T, B0 %0 fs o
EIFHICR—HL T3 2 Lb2 5.

3(a), (b) IZ, ZNZH case-1, case-2 X9 % 3AmEA
B dn/dD, 2T, B, MO D, 1320 (1) 2B W»T
Uy (% Upy) ZZALEE 722 LITHIELTE D, il
Ui DFIRFIZIR T, case-1, case-2 CH U A& BPAREF % (i
FALTWw5IED6, 2 ODFMMT D,y DOMRICKE R
LIRS 72028, case-1 TlE 10 um fFUTIC, case-2 T
&5 um fHEICE — 27 BEET 5. £/, ERFAENOWIH
DOEWIZED, U Uy TD case2 DITHKREXR D,y
DL 7%,

DLED X9z LT e i hifenfily, K3 A b FgAde
EAEE S 2 2 A Dt 2 20 S /7RI S R R T
H5, Z0R®, Bixd U iIcB\WTE, RESMIED%

Uexit [m/ S]

0 0.1 0.2 0.5 1.0
x 101 — ‘ ‘
2L case-1
E .|
=
= 0T
£ 4
S
< 3T
-2
< 2+
] .
O L 1 i I
0 10 20 30 40 50 60
Dma,\‘ [l’l'm]
(a) case-1
Uexir [m/s]
0 0.1 02 0.5 1.0
x 1011 T T T T
—_ L case-2
g 7
<
= 6
X 5t
g
g 4 r
3
50
= 2 h
1
0 . . !
0 10 20 30 40 50 60
Dmax [”m]
(b) case-2

Fig.3 Particle size distribution.
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(a) Ui = 0.8 m/s (b) U,y = 0.6 m/s (¢) Ui = 0.5 m/s
Fig.6 Flame direct image (case-1, ¢ = 1.1).

(a) U, = 0.8 m/s (b) U,y =0.6 m/s (¢) Upiy = 0.5 m/s

Fig.7 Flame direct image (case-2, ¢ = 1.1).
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Fig.10 Vaporized DamkOhler number.
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fRFTRSSIC R oD S FIRDIRBERE D ZLIZ R S n T,
A IS T IABESUE 12 T 12 ™ o R MR 7 BRI A %
AT, 2D L) R OE(IE, KA MRS
WIWNE K, KSR PP PEAFCRAICEAE L ZGEICDO A
HEZLDTH B, KA FDEFKETIITOVLTIER
fiicigim T 5.

3.3. BES LT FHERVE-RRETT EOFME

RIZ, KA DAEFSETEDOFAMZ1T 9. Sasongko 5
[511%, FIRAKRZHEBETEKI A MDORFEZRITIEELE
LT, UTDEFEY L7 78 Da % 7z,
Da = K,7,/d3;* Q)
22T, 1, [s) 13K I 2 b PR T OBIER, K, [m>4]
VEKDARFEHR P E R (RWFZETIE K, = 1.0x10° [m*4] & F
)Thsb. Fh, 113
7, =68/S, = a/S,* (10)
ELTHIENS, 22T, amiAs] ZEAKD LR,
S=a/S, [m] FTEHIEIZKT. Dacl THDHLEE, FE
HOEMIRG ICAKFE L 72K S A P OBERSH Y, &, Da %
WTHTFORTEZ 5N 3[5].

3
= 5 YseDa

> (1)

Yvapor
X 10 (2, RFEOFEERSEMED 5 b ARHIPHICE % Da
D% RT. Da DKL 72 2 DIFIRBERE D E— 7 &
BN 1.1 ORFTH 5203, ZDEHAETDH Da DfElL 4
BELEWHEELR->TWS, E5IC, Da i/ E3Y
HHE11ICBWTY, M6, 7R LL ) ICERONM (7
BT 1K S A PDBELEL B W OHFESEELTED,
FEHCTERREPET LTS D EEZSNS, Da D
fEIFIER BN O AFHEICEED EFIH I N D DT,
FEEFERE DI LD Da 3 EREATWD EEZ
52%, LrLads, BERICWTNOEFD KEEEIZ

(55)
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BWTH, M6, 7 LHMRICHERONMENIK I R b 23FETE
L2 WHEHEAHER I NTEB D, Da %\ 75l 1 4 %
MThHdrEEZLND,

DL EDRSED S, KWL TIEATOEMT, FEHNIC
BOTHEIEDET LT EARRL,

yvapor = Yist (12)
El7, Thbb, Ko O, TR TEIEL K
ROBRFHFEEZRL TS,

Kee 5D 7N —712 X 2 H—RPFEAK I A MY 2 5l
FHRRSH[10]TlE, CHa/air KRIZEB W T TEAFNTK S 2
FDERFIEMET T B EDTE BREDRAAEIZ 10 um &
oTWw5, LaLids, 10 FOWTNDEMICE
WTHIEGRRE 10 um £ D B KRE W, AFEICBWTK
SRR L TY Day1 o7 DiE, K3 A MR
Mz kv s, DEPIKIFITHA L7270 Th 5. T DREHE
1%, B2 ET2HKI A MINL TR, AIEETER
H—RfEoga L flici3ig s 2 Lt aihnwl
AEL TV,

AR U7z & 912, AWFED 4T OFHEERSEM I B > TREE
DY NI IR 2 A %2 R L 72 DX, Da> 1
Lo TWBDTHS, I, RfEICBLTIE, £
TOFEMETKI AL DRENTH TN EZEKRL T
B, FEOEOPEFRFBRICGEELEZ v n) 2L
2725, DITICBWTIE, YR E Y, 2RBEH I K

IO AEH Ligimzfr9 .

3.4, KIZAMIEBAEIMEIZNR

X 11, 12, 1312, K3 A FPRINE 7 KR DRk
B YV EOBRE, YR 08, 1.0, 1.2 DML
ZNZIURT. KPOMRBERIEIX, KA FZEEHRVIK
REDITE D 22 DIRBERE 5 1o X DRI N b D &
HoTWw5, BEMFITE W THEISE LN FHR1Z, 3.2
fiCERL L TPRAMBERAZ R T, wInoKHhicy,
Kee 5D 7 )V — 71 X > T b L 7 BUEFIFEAS B[101 D R
XNTED, Y 1.0 1I22WTUE Fuss 512 & 2 FE R
[I2]RENTw5, 2k, BEFHEICEWTIE, &Sv
Vis DHFETIORED AT 22 L2225 ¥, 1FHK 0.06
FIEEICEE>TE D, BEGFHERO LM & 2> DY) P
72 %2R ThITldRz e,

X 11~13 thicix, K & h £ 030 filin
N3,

—2logm = Ypse{ay + a,(1/m?)} (13)
22T, m=85"THY, a, ; FEHTH 2. R 13) 13,
Blougquin and Joulin [8]1Z & % Hi-—FifK 3 A b DIENTE,

K

K 1 h
—2logm = C{F (W) +WH<W>} +

— (14)
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Fig.11 Relationship between S, and Y,,;;, (¢= 0.8).
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Fig.12 Relationship between S, and Y,,;;, (¢= 1.0).
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Fig.13 Relationship between S, and Y,,,;,, (9= 1.2).

(CIEIKIAMBEAZRT T XA—=%, KIZEEME T X —
8, W ZRBET A L DAL HEZRTIH) 2L b DTH
2, XAHICBVTK=1 /L ETRE2»SD 5L
BHEHZ MG L 72 L &, F & H I3 K/m® ORRICHE G —
EERDERS, KU R 13) LRAEDEERS, &
FAETIEETOELETERTBTENR NI L6, K=1
O K/m BRECEVIRERELTHE EEZION
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3. WTNOFEMAICE LT ORI ER T — 5 LIk
IR —ELTED, K3 R MK 3 KEIHEIREZ R L
HHL w2 MG, FEBT— 513 ¥, 25 0.035 D
FIRRSNTWE 720, DB W TIEMhitZ EE 2
7o bCikimE T .

BTOEMEICB T, AED S,/8," DHERERIE Y,
W LTI L, 2 B U iMoo R R
BWRE RS, £, HIERSFIBUAEEFEAS 1011 R
KIFIZ N A5 & e o 7z,

MEL 0.8 (¥ 11) DT, HEHEEFFEBEED
AEMNEFEL VY, ERNAZERICMZ, EWNasRs /A
515, BEFHERE10]TIE, S/8°0 1 Y 128 L TH
R LTw s, —7, ERESRICNY 3 /8,0 DI
WU I B\ TIE, Y, 250.02 LT T S,/8,° 132080206
PF B, Y, HY0.03 BLETIE S,/S," DI EIEHER D
b, Thbb, Y, Kwd 3 85,/8," oz ot
L<, 8/8° OEpiRssE ek 2 A L Tw»3,

eI 1.0 (M 12) T, SRR LR R[12] & O
BRI 08 ICHRET/II KR 20D, FEERTEIR
RIS L TR E 4 5. EREERICBT S 58,0
DIAMERNE SR 0.8 & FEBIC T IMo REFRIR & 7%
25, MM 0.8 LHAT Y, T2 S5,/8,° offiEns
fBIZ/NE W, Fuss & D FEERHER[12] T Y, DA IE
0.02 FRETH b, AUFFEDOMERFE (7, = 0.036~0.081) &
FERKIFIZ/ANE s, Fuss & DEBFER[12]D 9 b, R
RUTAKZ A R ZIRINL 224538 (dry flame) (Z5EF MRRSH &
RO ERTH, AR TOEBHR & 13 2R S
N3, WD 20 CITB W THMEELITIK T A M ZTML
78, ERTITIFERSFRICL T 1.5 % FEORLAHE
U %7z&, dryflame DRI ¥, ZEKFHT L T3 5D
LEZoND, 2Dk, KI AL KDFRETBHMKL
HERE L AN OFER T —% L3 L v Ll
%, —Jj, Fuss S[12]DHIM L 723 D 225U/ L TR S A
2L 72856 OWPERH (wet flame) 1%, AHEHTH X
D135 N7EBIERER & R R \V»—3 %R T,

W 12 (9 13) 2BV TE, S,/S, OUERUR I Y &
1.0 E3EGIZIR E 2 553, 1.0 12 TEAERS T & DR
FEROERIIREL LS,

DL EofERD S, BUEEIE01Z HwizEf, KT A b
12 & 2 KRR A DT 2 2 L ICO%0 5 LHEZ
51%. Kee b DEUEFIE[1011, 3 HIC Kk 268 %EE
JELTWwawI e, GRS & L T GRI-Mech 3.0
[18]1D & % HI At D SUGHERE % 3l L T2 W&, PIRRELS
ERTETFLVOFICOL OPBAETREHDBFEEL TV
5. koT, BEEHEMREEER T — Y IC X DIRGET 5 2
EIRIERICEHEETH S, IhF T, AEMEE LTI Y,y
WANZE OHPHICIR S 2% Fuss 5D 57 — Z[12]18 L O
Chelliah & DT —Z[13]DATH > 72 hS, Yy KT 2
S/S,.) DEALF TS KR E a>TE D, KW
Yy DEEET — 8 2 HOTRE ¥, DEMEZIMFT L 2 L



K IZEFE D, FREEDK S 2 b )% CHa/air TRA KR BAZT KEIHFIDAI B $ 2 Wi

ARG TIERwWEEZ NS, ko7, HRARALHEET
DIEREDK I A b 2L THE %2175 AR D 7 —
7%, MOTHERTHD L VA D,

X 14, 1512, S/8,) OMEREHEZ, 2N Z1UREE,
AT OVWTORT, MR 0812813 5,8, DOftil,
Z DD M L IERKIRISNZ W, /2, mido X 91z,
W 0.8 (1% 14) IKB\WTIE Y, 1o T 2 S,/8, offiz o
ZAiEE L <, SRR IS S wilE 2 H T 5. Y& 0.9
EWEE 1.0 T, S50 WREOfEE ZoTWwS, L
Ladss, ME 08 & FERIC, 45k 0.9 Ul 1%y
I Lo ICHREVIIREZAE L TED, MiEh 09 L ME
1.0 T S8, DIAMEDHR 7 %,

—J5, LT (K 15) T, MR 11, 1.0 XEEE
D S/S) DIEE->TEY, ZDWAHEIASIZIF LT
Vw5, MEH 12, 1328V, S/ 1EME] 1.0, 1.1
ICHARKIBICENE E 202, 72771, gt 1x8aD,
MO 2R OCERIH R O R 2 TR S
g\,

16 1%, S/S° =05 BLK035 L42LED, EM
itk D RD 7z ¥, DEELRILEDBERER LD T
b5, KHIE, FRABEIRIIC O W THREINTL S,
S/S0 =05 OHEy, MEH 1.0 HElIcBWTE—2 %2>
TEIR & 7 238, Z4E Kee 5D 7V — 712 & 5 3HFAEH[10]
LR E o Twd, 7L, AifEICEBITS
Yo DRI, FFEFER[10]E R TRIFIZAE W, 5/8,° =
0.35 DB, S/S.) = 0.5 ITHATE — 7 138 TR
i s, 2 14 TRONEXIIC, YV, PVE R
B E Yy SRS 2 8,/8," ORISR DN D 2T
H2.8/5"=05 035 DLFTHICE LT, BEMLD
iV D 7 DSRBER L 2 i S 5 7 DI ¥, DfE
WK 2 AHEHAICH 5.

—75, PROBRBEIRRICOWTIE, E— 271 3%Ek 1.1
~12 OIcH b, FIRERPERFICE 5 72 & 121
DITOAEHA & D D Y, PSBEE L, 2 oA, B
PERE DWW R (Thbb, KBMHZIE) L IZIER D

R ER>Twa, BRD X 912, FRAMBER T K%
RIS TIRAKRDP ORI SELT 25 L LTERI N

TED, ERMICHRRREIIRZ2bDTHEEELDS
ns, LrLiahrs, 16 DFERIL, HRRA 5] i
CTADZAL EREMFIRZ TN ER T X A=A L
ELEZZHDTHE E0) AHEEZTREL T»5,

34. K3 X ML BBIBRDOTM

RKIZ, BRROFMMN 2T, KA Mk BEMEKE
LTiE, @OKI A L DHEFEERN Lo W], @KI A L5
Fer L1 RIS & BB Ly (W], @K A b (HHE) 12
KB g [W] D 3 ODEF SN2, 26 3 DDEL
AR, UToRckhiEHTE 3,

Liatent = Mmise * Hiatent

(15)
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Fig.14 Relationship between S, and Y, (lean condition).
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Fig.15 Relationship between S, and Y,,;, (rich condition).
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Fig.16 Y, for Su/SuO =0.5,0.35, and the premixed combustion limit.

LVaPOT = .mist ) Cvapor (Tf - 373)
Lliquid = Mmist ' Cliquid (373 —293)

(16)
amn

C 2T, Higene (= 2,258 kI/kg) 1ZRDEFEEEY, Coupor
(= 2.374 kIkg K) I3RS DE LAY, T,[K] 1 KEWE,
Ciiguia (= 4218 kVkg K) 137K (JE) D 100 °ClcFB 1) 2 EH:H
BTdh s, BRAKPICIIHMASSGEENTHE I D5,
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Fig.19 Flame temperature.
Thb 5,
Lsaturate = Msaturate - Cvapor(Tf - 293) (18)
722, K 11~16 1R L 72 FEERE IR IE AT D 2250
XY B ABEREE 5,0 Ic X D IERILLENT WD 2 En 5,
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AKI A BT & BRIC
B2,

UED 4 SDOBIEEDI B, Lo & Lonrae PEHHITIE
KRMED DI E 72D DY, Yigpor (5 Vi) DHEET 2 2 T
L PRI L D KRIREZ TN T 2 2 LW RETH
3. KBREOBHIE, [ TPHEEHR Y 7 b NASA-CEA
[191Z w7, 510, (LS PHRIEIC L D &Ml
LEBMDENGELELIENTEZI L5, KoY
AR OB TR Iy IV E—D#ERE E LT EICK
D BOGREY (A T8GR ZFHR L 72,

I1718K,QMPZWW1%W,£;U%n6®Aﬁ
Lioat [W] 2 AEAZFEBERIC & O JERTCAC L 708 (Ligenss Loapors
Liguior L) %, Z0ZH0 S8, =035, B L OFRAMBE
IREUZH L TRT, §/8,.) =035, FRABEEDRAD VY
NOLZEITOVTYH, L. & YREE OBIRIZX 16 1R
L7 Yy PEDDA LM E %D, Ly DmKAEI
S,/S.0 =035 IR LClE 0.16, TIRABREER I kmfﬁ
022 Thot:. ZNZNOHBRIEHT L, wiho
MY Loy DO REL, Ly DFTZHOL, F72,
Liggens BEMRKRE L TE 2 HFHORE S E DTS, &
B, MPICEfEZARIC X 2 BB IIR I TR 0D8,
ETORMETER 0.02 BETH Y, L £ D KRS AMH
LB,

B19 1, ALPiEtRIC &0 R L 2 KRIRE 7, 2R
T. Tk, BTOEMATLHRK 1.0 IE—27267 5. L
PLENS, K16 D Y,y DOMMICHEEZZITTED,
S,/8,) =035 IZ DWW TIFBRL DK Z L AHMAS, FRA
PRBERR LS B W TR EME SR D K & VBRI O L 238 T
S, YR 1.0 120 L TEANFRDIAMIBIRZ /Ko
S/80=10(3Thbb, KIALAL) LR 5MHEmE
hoTWwah,

B, TERAMRBERICEWTIE, KEIEEIE 1700~
1900 K D#iFHTH b, WMRIRFICBIT 2018 (B 2 1E, [20])
1B 2 BRI 22 KRR R 300~ 500 K 13 £\
o TwE, ZDZ EDS, TIRABBERSIIN IR
EREZZLDTHLZIEENE W EBbr» S, EL,
AL I PHE IR IC L D KRIREEZEH L2 2 L
5, KRB L TIESH, 5 HBHROES X
5% D MEDETH B,

SHEBET 258, Lawa 258 50

4. ¥

FHREOK S A M X 2 KBEMTZIFICBE T % FERiT —
YORMSEHNE LT, M ry P RKRICK>TIRES
72 CHafait/ /K S A R “RICT V¥V KLICH L, iz DY
LGSR U CRBESE DI E 21T o 72,

WINOEMFIZE LT, KA MEEORKICHEVR
BERL L IS RN 22 A 2R L7, 24Uk
SEH L 7eK S A ORES I/ E W ERFERL
TEYD, KRB EARIEY L7 7BOFHb» 5K 2 A Mg



K IFEFE3 D, FREEDK S 2 b A8 CHa/air TRA KR BAZT KEIHEDAI B $ 2 0%

FEHT N TREICKIEL TR Enyhot., £7, K

SR MREDIEFICENIREE T, TETNTR & T R
e o IR RITEWIBEN LT T 5 2 L2349
"otz

PRBESIE OPEREFIE, InoYBREICE W TDH Kee
5T & B HAEFF SRR HR10] & D KIS/ Wi & 7o 7,
F 72, Ml 1.0 T, Fuss & DOFERRAESR[1311%, ABF%
DIKI A MEEXD HIF2 IR T THEEZiT- T
WD, D 25 O 7 HIE K RIS AR o HIE KSR
EREM EICEET 2 2 L3 o e, FERRR LD, LR
MR GSEAIZB W TIEAK S R MREISNT 2 RS O
AER &2 R AR E R 2 E L w525, Y&l
1.0 A ETIxFEITNSI S o,

KRS A MIC & 2BEEDFHI 21T > 7 FER, &TOHML
TKE A FDAEFIC X D AR L 7 RRD AR D KE X
fili & o7z, FIRAMBERFIC BV TIE, REVERIZ G
B 2% BELE BTk,
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