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Experimental Study on Flame Quenching
by Narrow Holes

—Effect of Hole Diameter and Length of Flame Path on Flame Quenching——

by T.Havasur*

Flame quenching by solid surfaces has been studied by many workers, especially for the
practical purpose of obtaining design data of flame arresters. Nevertheless, even a simple
relation between hole diameter (D) and length of flame path (L) required for quenching has
been not well known yet. This report intends to make some contribution for the basic under-
standing of quenching phenomena in narrow gaps.

Determinations are made, with variations of D and L, on quenching diameters under at-
mospheric conditions and also on limiting pressures of quenching under raised and reduced
pressures. Two kinds of hole are tested respectively: glass tubes and brass plates with a
single hole. Flammable mixtures tested are those with air of methane, hydrogen or propane.

Quenching diameters are determined by burner method (Fig.1). For a constant L, quench-
ing diameter for a mixture is defined here as a mean value of a maximum hole diameter,
which quenches flames in successive twenty tests, and a minimum hole diameter, through
which at least one flame out of twenty tests passes. Some results are shown in Fig.3.

Limiting pressures of quenching are determined in a closed system shown in Fig.2: a hole
under test is connected between an explosion chamber, in which explosions are originated,
and a detection chamber which is embedded a thermocouple for the detection of flame trans-
mission through the hole. It is known that the higher the initial pressure of the mixture is,
the more easily a flame passes through the gap. The maximum initial pressure, below which
‘no flame transmission occurs, is then a measure of quenching ability of the hole tested. This
pressure is defined as “limiting pressure of quenching” by the hole, and means three succes-
sive quenchings in this report. The increments of initial pressure are 10mmHg for methane-
air and 50mmHg for mixtures of hydrogen or propane, respectively. Some results are shown
in Fig.4 and Fig.5. For holes drilled in brass plates (where L=<10mm), observed relations

between hole dimensions and limiting pressures are reasonable for all mixtures tested, but,
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for glass tubes (25=L<100mm), effect of hole length on limiting pressure is not apparent
with hydrogen-air mixtures.

From such curves as in Figs.4 and 5, one can obtain informations on limiting dimensions of
holes required for quenching of flames: when a linear line, which corresponds to limiting
pressure of 760mmHg, is drawn in parallel with a horizontal axis, intersections with experi-
mental curves give combinations of L and D of holes just required for quenching of flames
originated at an atmospheric initial pressure. For other pressures than atmospheric, relations
between L and D are obtained through the same procedure.

For a range of short length of flame path (L<10mm), the limiting dimensions of holes for
quenching of stoichiometric flames are interrelated by linear approximation. Results for limit-
ing pressure of 760mmHg are shown in Fig.8. Taking account of the equality of slopes of
linear lines in Fig. 8, and introducing the quenching diameter of each gas mixture, one may
derive a following equation which stands approximately for all lammable gases tested :

D=0.03L+0.44D,, where D, is quenching diameter of the mixture. Similar approximations
are applicable for pressures other than atmospheric, and those relations are expected to be

useful for the design of flame arresters used in closed systems.



MR S0 3 BAT KRBT 55 %

1. #

il

MBI XA EABEE, F02 0= XADOWTIEE
ERASCHEBFI TV E LTS, BT, s
- DM REET D KEEHIET 5700 Kk £B51EE (7
V—h s TUAR) RPBREIBBROL—7 « Fy p 7
OEBEELELTILMBATED, 5 LbHAECET
BRI SE - EHIZhET, AR X3 EARESY
FUH Ul R KB IkEs DR T — 2 2B 5 BRI G, &8
- REEEEE K OKAN T HREA K OB KIETIT oW
TULBLRTELN, ThbOEREY—BMCBHALLS
& BBRICITE KBS OFERE BN 0 T DA
EThbo

ARITE, RHLEMIIEROMBCH 2 B—MILE %t
L LT, TOYEHVIRD S AELBRCOWCH
Cloo REETERBWTHEIN S HARIZHABERY
EEMCRTREMREDCD L0 THBM, RKPTIE
PSRRI KT 2 3BEDRBAYF A OKE, Axvh5n
RS e v EZER) ORREOEBEEERRIET BRI ou
TERL, BAROEREEE OBR, MAOBER L BT
ENRPY R RIT TR ECOWTHRE L, M X5
BROBAGELHELBRC I VERTES LR
Lﬁ’.‘o

2. HMRBTENHXCRETHRICETS
—RRHIEEE

2.1 HEORZESIRUVREOHPR

MR X OWEACRDEETHIRTH fIED L ¥ X
BIZEER RS (BTE) Thsz LXEANCD
BRCEMEIND, Tiobhb, MR TKEEER
SR B, HBEOAEX GRETIRE X315
KERTHOTHEOAE I L LTRHERYE L, UT
ZhE D EMET L) 2T hEREOE R (UT,
L YREEET5) /ELTXL, i D 2kEdhug
LALRELSTRETHBEELZDR, 202 LIXERRY
LHRINT B, .

HEBRI R & 2 DBAFRIC D\ T DEBRAYEE I & LTIk
Palmer? RN ILMBRTE Y, f3, BhLEEH
T KEDHBIC X D IERT 5 0BT IR T 5
KEDEBEEC LB E2FL, HoEOHBEIZ O
TP R T HRADKIEED LD BT 5 &k
T2, BETIE, DEEETEET L KAENER
IRBDOCMERMED L & D ofswr, L/D=

— 3 —

—E LWIBREHILRIEL VW EeEkRT S
Wilson 523 2 D&z HEEEELC, MERREY L/D?
FREELTRTZEFZRELTCWS, — 7, Potterd
DB LTWA X 5k, Holm D#HAHser Xz,
BREZRETHDIE D Th->T LIZEETIR /&
SHRDBELNTV D, fiIED L wonwTozhbo
—RFETHHRL THHCRADX5THBEX R
Bo (FoiZl, LID*=—% NELDODRETHS L 5 3
Palmer OFOBBECOWCTRFIHTZ LTS 5 3
DT, TITRER, D ¥P—EThbELIE L iz
WEREERLLTWEWIELFHTHS LBMETS - &
3 5,)

HRERT, BRBERAADHEBRDOEE F A R ft Lie
HREKRMEBELRVBROBRLEESh, BEFA
DEFHRFECHERE I hiCRB S WCHIESh D,
BREOWUEEIESHDDH, KFTlE— I I
LHAREEL Do COHETE, (EBECBEHLE) &
DTFHLLREF ARWML, RELHE Uit Sk
WIZEWTEKT 50 BERA—F ENERI IO
BEFVAORBEE D, KAPETRCEETS @Gk
%) BEVEEET D, BxORDO B O\ TF R b
L, BRLIEWERE S - TEEARET S, f-T, B
TR B\ TERY EOREMN BILIBB L1
Lo TEAROBEIRE D, 25 LEBERARE DS
BRI NTE, — BTk O 3 BE O K KB X
n5 (1) BR DIAEHEKRENEEE, KBIAS
CEREAY, BEVANEETHE Y ERC £ BT
50(2) DBPEREI DEMITAEE 21T, Wkizk
FTH, HEEROEHYEREL-OBERT S, (3)
D DFEDPEITIE, KRIERC B THERT 5,
WERDIE, (1) RO (3) DESMEETS X5 R
Dy B D, OERAVTHEEARR RS- LT, B
BO Holm D X351, B L il ACIIENZTHS
EWOBEIRAENINB LI D, T, (2) OHER
EHLETIE Db LAHLLBEOERTH-
T, T OWEDEITILFA S ORI EETETHS
&5 Palmer DOHEAEL D370,

EZAT, BB L5 Il SR AL E T s
TEERINDD, Thid 54 LEBS g, kin
B LI EOKEEROEN—F CREE)
RFEIND LW K EBRT B, 20X 5 BEMHT
T, KEXZ OGRS ERRO 2T 2§
C—BRE CE®HT 5 (uniform movement), =} & [FH
BROFEPERIND X5 RIEIh 2280 d LES
hic&FhE, OB THE IR S B LR



— 4 —

ETrstsHEARLEERTH LNTELDRY, 0
BragshsEarEegd oo (1)~(3) 0k
SEHEENBTHEA D, L, HARITEHAOE
PINENEEPIL B2 ERFRHERE, —T7, BF
Dk KAF3EH uniform movement 705 Z FITERRT
BHTHH, EREOKKEBFILBROMGE LIS X5k
REBCBE LU CRRERADENIRREIL D &L
LEONEBTHD, #->T, MBOKEINRKRIETO
WARCE LT EBAOENEETAI L X TE I
Vo WED, HIBOKEIRVWHYBHEEAREI D LES
INEWT ERBETH D, Palmer OFERAL LD L
HERNCEWTHEHAIKhDREWEDO LD THEHY, &
BRElE LT, MIBEREREARD 2 HUTETNELE
INTnbe AT D 12 2w ) HEBEOERI OV
THHE T %,

2.2 BRREMHCHITDHEXCEYT SHE

AT, TOERCEVT L OFHRELTLLH
MEwEE LTV, ERER L E&Bfke (0F

D, L BFSPICELEEFRL) BETHIBEARLBEE L
Bo TOERTIE, LAWY rITEWEESOERT LY
KOKBTHDELELDRD, '

&, Palmer OWEERE L/ID=—F HEKINDX
5 L, L=0 0L X% D=0 (iEDE R T

L=k1D2 (kl bi%ﬁ)
BUHTEKTEI LIRS, bbHA, EBLE L=
0 L\v5 = LIRSEESRS b RIS, Bl DR
WA 7=y DA ET A Y 7 4 AREFBEELT, &
DHBENFTEH/NEFIEH LITTRER X 5w B 2 5™
CHEDOVLTIEOBLIRBOHRT 5L, LIVIIWEBAR
BB WAL 5 BT Palmer O3 % 5ER
BRD LD ERRDEZEHTED,

W X DERTEDRBRADOKLEHER v, & ZHIER
OB SR I AERETIUE, Pamer DOFERBRIIIR
DL EETD

v=Fk,L|D?

Z ORI LT, L=0 e biE v=0 CThiThilinbin

Vo =0 i3, RET EAEIMEE LR ERT

¥ Epr IETOMAREAET S C L3RETH
A D,

¥ pEe, BEEOPRBC Lo TCHEEATLHEND A
D= RAFBETALERSBND LA, Fl
20E, AL bRHE (BHWIREFA) AHEHL
EFBE, FLTRBCERB LI VEE
DIETFT (BbHWIR=RALFHEEOET) »HEL,
KRTARBAK LW ERELBR D,

EXZLMAFFERE RIIS-RR-31-1

B0, THIRIEZODEESNR IS, &I, BRI
WOKELBIETAEETHBY, TOLSIRENRE

CEBHEMIHE LT, MBS bRk - B ik
Lt KRN THTAHZ LR 2 CTRERRTH 5,
v=0 LB H 50 ED0DHEEE, BEVAFE KER
B LRV &, D% VRSV ADHEBISBREERA M
BDHZEEERT D, BPEHRFACRACEVEROE
EXADREREIARLEL LD, ZOEINTLD
£ r T WETIR R, o C, EBEEX v=0 L
SIREED FhoRBONEIND, £ T, &R
FA Ty UEETDHFY 7 4 ARELSE, BIER
B RASE OB DOBEES Y ADKRKE, D BFHSEHX
FiuE (KERENRER LY IRFEREVTSDD
5 COF VT 4 AR I THEETEZ LD VES
EEZIDBRD,

AETIE L BErGEWREDLREEH Uich, BRI
DRGSO AHETS, HEAOBERGHEST % L
L D ORIREFILE LIDP=—% X\»5REKX-
T—frERE T g0 TEEL, L Xt D OfERE
KXo TRRHBEGRERTZ EXTFHEIS NS,

3. = BE

3.1 #MBEOTE

MWL L, B—ARETAERRRON I AE
(B ZAV, AR —T# 3 cm DER T, IWE
(AAOBTE) 12 1, 5 XU 10mm O 3FEHE L,
BEEx B 4EORE, ThbohLicibRs
LTORAXERITE X D HFThHs, MILOERER
0.1 mm AR THEL N, BEH 3mm %81 5d 0K
DTIR 0.2mm A& Lico 7ok, I EOBEAK X
D, BAERIRENRL 5 RO 10mm ©2o\WTrht
7 0.2, 0.4 KO 0.7mm Thb, RMTIC X5 A
AT LA EM TRV, ROFEBCEWTEThE
2 RO TRER b BEfET R T 100 23D 1mm
B CERYEEL, 4EONEEOEMTEHED > T
FOBER L L™, HILORHEROMIFEIC2WT
TEE Lih -7,

75 AEIHEGEE AV, EARTWEE BV TER

B rORAVAOBRKREREN YR X hRHSKE

WZtERED LML, ThioHENNEELE
W, BREECOREEEL e X hRSKRE
Vo ok, BB KKEETREEEEDA —
2—Thbo

#*#  A(FOREEORKELB/IMEDE X, KBAO

B4 0.04dmm T Tho oo




MR s 2 HARK BT 5%

WHORIEDORICEIVH L, ERKEO KA X —HNIZE
F U CERICH s, $HIE 26mm ORAELMTL
ok £ —DRFFEPELICIE, FIAEDHRIDR
PAREVERORYERS &, CIRATAEREA
L, BLAhL&—REEL OB =4+ v RBEEFY
FELCEIET %o AN & — OMIRMCITERAA X ok
ML, &REERAY 5 AFOES X v 1mm i
FitE 35 (Fig.l 2%, 75 2 EORIEZ, ThF
ROPRICOWTH 25, 50, 75 KON 100mm & Uias,
—~OERTIZZNBUNDOEEDL DL HE iz, BD
WAL EAEENTHS LBEI R, ¥, —FD
ERYNTUL, EOFHEEE LTHHBRIIZER
CTHoic*, AFCEBORNRIE, AFEN 0.2~
0.6mm OHFATIZH 0.1mm ZLTHBA, 0.8~2
mm OFFTIIH 0.2mm H%, 2mm ##x 5% DT

i34 0.5mm A TH D, HEDRECE LT, kil

e

DABEOEZDOL DDOWHEORBIL OV TERIEOE

B EAROBELT, ZhOOFHELS > THRE

Lo
UFoxXdFics ik, ERIROEIIIYT T AED
X% Lmm), MAOERXEYFSAEDNE % D

(m) EMEETB I EH B,

32 EBRHZR

EBRICAGWIKBERTEMECL D, 242 vRUT R
22t pure grade DHDTH D, C‘.%’Ll‘o@ﬁz*‘zk%
FHEOEKENEFHRC I VRAL, THHRT7 ABRE
L D BEAAE L -OBEREE L, 22 vED
ARBFEEFOEEC DWTER LN, Teivigo
W, EEOMRNORTHROIBLALEI VWEELD
NBHRE (4.5%) TEBR L, ¥ ARERAERYS TRT
B, BAC I - TRYBEELOHL (4EH, ¢) TRT
ZEBDD,

¥, KRIFRDIELELELWHTRADOEDTHD

AR VIHERIEL LTI RORE TH B, &

T, Ty, B DRIEKES ARPBEHIRE =

v?%%%éﬁ%ﬁ?k%hfv%ﬁxfééo

3.3 HXBOAE

CHEEOPER 2.1 TR A= F BRI L o7, <
= KB SRS MBI OMER Fig.l oks v T

S KERHFAEL DL ER AL L — B o &
BT BLDTH b,

T WThoy S ABTEOWTEL, HEOEKEE/N
DX 0.03mm T Cho e

— 5 —

Hbo MIEETHESERL, BARIVITLTAE
WARRET AR, A, 2 vEANLTERET
B0 7AW, REB~Tohr F—HIZEZEL, &
F—yRED A (M18, P1.5) X v BEHcEsT
60

Detection
chamber

(15¢)

K
3N

Premixed gas

Fig.1 Apparatus for measurements of quench-
ing diameter (schematic cross section)

HARNEEE

BEH T bEROREF AR LARAL SkTh
W, BAERA—rRABRIhE, 20LEDkED
HEEEE Alem®, » AW EE Qlemdfsec) & T h
W, BEFAORKEEE S BRKTRENS :

' S=Q/A
SIHRAEFT ADORE, BRERVCENC I > THREHET
BHBND, TORL, Q LEI AN LBBZE
ZRL TS, REBIZ, MEXP LELDE, Fhic
Lo THRLEDOREDRS BT B, S — &30
ATRBRFEIND, OB TILKREOTIR &Mk DB
B OWTOBERRH IS i, BEOF =

FMEBELCH ARBE Y —EICRATT5 o Lk b Rk
ThBHDT, FERLMEVRDHIEELE L LI LR T T
ENTED, ok, FHERKC IE, HEBS LY
REBZ2 AEMOMEBLEVTKELER L= L0
SHRERLELS ok DT, THAYERLUTER L)

FBEDOT A FTIE, S—FrROWHE 2~ 3BEFD
REEMHERL, ROTFB=— FrREEELTHAD
e lis, WROFELBE LI, ~—FRCIBE
B H 7 ABEORELFOHEBL, ARV LIRED
HETER Lic, A—OfiBconwT 20 BEOF A + %
TV, W 1 ES kKB E Ul iug TEL L]
9%, MM KERBEIh L &R, FOEER



—_f —

SO D & ORI D D e Tk Uiz
LT 5, WHIBADHKDOFEIE L LTERERNOHT
X o THRE Lico
Dt L #%FZTERL MK & T ORAST
EERRD, FRFRDO LE2oWT, EETHIRRREY
KT BRPMEDOEMRER TS >TCT AL LICBEEYAD
(ﬁ/d:b& Uiz, 7%, ZRI EHH b e TiToz
y TORIBTBERKDOENRREDCEE DB
%ﬁbﬁou®uk@,&ﬁ@%%mkhﬁé%ﬁ@%
EHEETH B,

3.4 BEARICHITDHERKER

341 RBROEE

BB O BT 5 KREBOBHER T A DREEHI
Lo THELI BB, Tiohb, KFELEDBRFERED
REWT AXEEERE L &b @B KEEE & 3§
L, HEBENECEE>EBLIEOBBRI S ~EE T2,
=77, A& vODXIBMEEEEINS WH ADHEL,
BIBIERE & K IGHE OBfRIZ—ER T, — Bz LA
KRBELZHEBLENDEETH EAEI NI, #E
2T, EhEEETHRELOWT, KEEELD LT
LTIRTOTADEREE LR TS & LIITERRD
5I5B LB, BERWAFHRILOWTD, 220X
5 CIRBY 5 K RDOEALE, KKEEOERROFEE
CHERI VTS, i, BEOFEMENLART, HED
REL UTHC S KEREYEREN» OEBCELIE
BT LRFRAERTRTH %0

—7, FIZEEREEIOEN 1 EV-HAGREBHE
BHORIL, TOBRRBENOUERENLMLA T
5 X3BREOERMIT IV, Ei, BAV ADEKH
DEH FIEE D) BEER, M oESRNCELS
ERTE, FIECUTERD (KED) BMIIEH5
EEZBTENTED, B, 5 LIy ADRE
B EBRTHH DT, FAHELOEY LBT5D
CHEN IV ThEDZ EnD, KFTILKEERET
7, BEFVADHEEHAOREL Lis, T/ab
B, ZOOFHARBYHBCEREL, —HoREbTE
Cle kKD NGET 0B EEL, BATIRE
RowEL2HE AR AE) (Limiting pressure of quench-
ing) EFELTHKC ISHPEORE L Lz,

ks, BRFERERETIKEOBERIL, BRENI—
BEBERERL, 20, FOREKETE®RO X5k
FERBPROERET L D /P VWD T, KKELEEDN
LIFTEN (BB WIZKKRTORBRY ADES) 75
WIEEERYREETHD EFHETHE 00X RHE

EEREREFTEHRS RIIS-RR-31-1

TRDICHKBRIEFREETH AL XL, BD
5EAETH X5 RBARKRL) RELTELHE (D)
IodkElxhbhnwkELrbhs,
3.2 RBEEH
EEARBT, KRR EFLDIBREL, MBI
WRDOEELTERT Db DBRHEI bR Y, HEYE
T B MBORMA L Fig.2 LBV THE. BR
B EEISES LATREe 7 5 v CERTHH A, T O
75 vorit, BE 70mm DY, Mk 3 B
MRz 2%y (M18) ¥ EBIRTHD, TDA XD,
Fig.1 WRLF T AERLE—, BBV, EFRy
Huvb L& oBRHREERT 500D THB, 7T
AERNLE - DEFRFCORINE, HAF— %%ﬁbt
LEDOK T AEDOTFE #77//®WM§E&&hOB
WhIB LS LThHB, £h, 77D R
BH&HRY (comhis M18 OF®E A & ¥ OHD
L—EHTB I 5KR) BT sdofry (M3) %,
FRFNROEBACOFEC 4ERFOMILTH%,
s, TOHEC X VESKERAT S L, RKEND
HAADE COEBIROEIRC I »TERBN, £0
B8 O\ ER L.

Detection chamber
(20 40)

Explosion
chamber
(105¢X105)

Ignition source
Fig. 2 Apparatus for determination of limiting
pressure of quenching by glass tube
(left) or brass plate (right) '
HERBEREDHED I 0 EEREE

BHEEIZ, #7AER I BHERER TR — BN
DF U X DEFTHH, EHERE A5 ER TR
EER7 5 vOoRBRBTYESER AL L LTH
b ok, EIITEW Lich, BWBHiik i AD
BENRE A P I VS AZNBEBATFR T 5,



MR ST 2 BABRSBET 255

343 B HE

FEOEBRIT BT, TAMTHF T ASEULIER
WEBERE L RMPOMERMAT, R L4 % ImmHg
GEE) UToEZE LEDbFREINI-EBRY R
FRIEPENCE CHAL, BRETFTHRPLEET =
rrafle— X LD EKT D, T kKLE T
&% [5lkLic), #OHAEE HELL] ERLET L
Zl, METHIEBDOMELZRDI,

DD FE U THNTHEDENZ S 5K LT
W ERY, BEWETH KL THZR I HEWE
ET5KkLchtBOLOFPETT A+ T5E5]kTS
TEMRBBZ LMo TWBEDT, BEABRAEIIR
DI LTRDI, ETHEAIZOHOKRKERE
LWEIET7 A ML, b LKL iuE ) E % 200
mmHg FoF LT ¥ (XL, BEEI R XK
E75 A 760mmHg &33), 50kThi¥f E % 100
mmHg FFCF A b5, BENKKETE AL E
1%, 100 mmHg FOPEEX TP ¥, HRTIUEY
E% 50mmHg B TTF A MT5b, 2D L3I, Blk3
WEMELZ T, EEATHRITELED S &\ 5 FIEY
RERERTRAEIZRDB D, TOFIELEERTS
CLREMERE B OTEMT B, T OFIHIKRL S =
ARYTRRELCTHBN, £ 2 v TCIIHEDTRICE D
BB, Tibb, WThOFALDOWTS, HEFAET
B LCIEMA LI EER IR EEABRESE L
ZERRAUCTHBHA, FMEDHZIL A # v TIE 10mm
Hg, KFEROF e vk 50mmHg ThHD (DOFD,
FlziE 2 2 vieownwTi, BABRREH LD 10mmHg
BUYWHETRIEDOT A D5 B &b 1 EREK
LA ERERT D)o 7ok, HRBRFENE mmHg B
O ETR LI,

4. XEBRRER

41 B % #&#

HRROPERREO—% Fig.3 T, A TIL,
HETHIRRKELBKTHIRPMROFHELEARL L
1eDT, WRERIET L ORREHTH oDt L
Rir-Td D ORAAPRA—THRIERR b, Ef
TR OB IR TV, ERO
HHETE, BREFVAORENYEHECENEZATIRL
DERIFEAL E T8, BEBENSIZThizE o AT
c b L OHBEIPBEDBNIC, T AEDHEETIL D O
KAz L L bignsdy, D ORBIAENZ LT
WEh3 X5k, L OFEIIFRALER LRI h - T

U— 7 —

6 -

5k methane-—air, L=1 mm
g

4l-
3]
‘g’ B ; minimum 3.6mm
8
[ gl propane—air,
Eﬂ? L=1mm © 2.9mm
5 L
o
(5
&

A

hydrogen—air, L= 5mm
1 e
minimum (,9mm
1 1 1 1 [ 1 1

0.5 0.8 1.1 1.4 1.7
Stoichiometric Ratio (¢)

Fig.3 Effect of mixture composition on quen-
ching diameter (for brass plate)

BAY ADHERS YRR RIETHE

BZIE A &V IRDWTE, EFRROBAIL 8.5~11%
DRETIE L OPBRITAL, 7.2 XU 12.5% BT
L% 10 e Lick oW RROZXEFRFR 0.4
O 1.3mm THole, HRAROHE/MER 8. 55 mm T
HBHH, EEELIT 3. 6mm itk TN KT EELC
I\ IS AEOBEC KT HEBREOHEIERROL
FLRAICEREZRL, YEREMITE L OPRIT;
<, D#13.5 THELE, 4.0 THK LD TRINDHHE
12 3.75mm & te,

KBEOBEWIL L DHRIIFEA EHRSRIcd i,
HHITIL, 72 Lie D OHBH LItk » TR -
el EDRENTbIT, BEAROKR/MEL L=1 Dk
% 0,91, L=5 DX ¥ 0.86 &\ 5 Rk -7, i
DEEER TS L K XBMEKEOEX 0.1mm T
THoteo L225 (75 A%E) DBEIY, HFEBRECHONT
HERRBL L ICIbWELRDY, TOHK/EIL0.91
mm THBH, KREBEN 18 B 57% i p 4%
BEB/MEOH 215D 1.8mm THot, s, HARE
& HAREDOBEFERTHBRIIERKIKE 77 2B O
TRAER U LB b, KEOBEIE L ©
L, Fho, FA Lz 2 EEOMBET ST
BEEOBELIEEHR IS,

4.5% 7 r R v-BBRREHTOWTUL, L=1, 5 RO
10mm w3 2EEARN T Fh 2,91, 2,98 RO



— 8

3.17mm tich, L OFEPEOLMNEONTI, 7T AE
COWTH, ERAEX L Xsd 2.75mm Einsis
D, TAFLREEORNSHZ T OEITERCE LTS
BIDLPIDTHBEEZDND,

BERBNI- L5, RBEOHAIHEAROBES D
oI, EEARLEHRARCHT 5 AR RMES
BOBRFE LONDZ b bo HAROBECHT S
KREEL, —HRBRKCHRI WP~k EDE
ALWOTURETH D, BILEPOKEEED > BTk
BHEH (BRIhTV) kEBTHB, =5 Lick
HTOHELKL, BHEMERCRT BIERKEDON KT
EEBEEDT B 2 LV CEIE, EREOHERLE
BHTHBND, EREORKHILEOBR ETBT
DIEBRKEWEEL OIS, DX 5 RERTIE,
CHBDBREY A &, BUEE - THEOMBoWTHE
REFE T B ENBEERDTH T, RERPES
RTCOWBELERFFIH L WEBHERKY, FrAvicon
T B ORBEES S LA B AROBMETILA S T
PEXZEVCEBRIBELNTHS S, ik, LBoREE
b, DBEORBIERVTULA &Y, KERET Ry
DPERFEFNER 3.6, 0.9 B 2.9mm 357,
BEDIDITYRIBE 1T 5 E KEOLERED 2R
i, ThboFREZD>WTERFR 3.3~3.8, 0,77~
0.98 RO* 2.7~8.5mm TH b, KB TOREERL &
W—EEIR LT\ 5,

4.2 BEARICHIF B ERBRESN

ERWOAE D LEARREN WUTF, EcBRRE
HAEWDZ EHDD) OBEZEOE%Y Fig.4 Rt, D
DR E EDCRRAETNIFDT 25, BHDOEEIZ D
DREZL L > TR, THALOMET, D Y¥FEICK
ETIIE, BRI TR ZThORE 7 2 OF KER
EHCNATHETTHBL, RBTIEES LERE
IR ONTETIRER Lich o T, HAOBEEILE
ErZEHhul, DR IHBREIDORD O HFHH1 £ s
D, Fi, HETENOHMBREOBEH A L B A,
L=1, 5 BT 10 122oT D 3AD ST orfgL,
7ok 5 B B Bo Fig.5 134T AT DEEE
DEITHZN, ZOEAI Dr—FL LT Lyl
Bl EDOBRRENTH T, HBEOBKRIIERKE DS
EERELD, COROELHERE, LEE¥rigots
ZEREDEDRENADEKBRENCNA TS T
BHH, HFAERRNTOERIL A & v EKTRILDLs
T oTell, 22 vOFEFTIE L OB I VBERE
TREL BB EVIEBEARDRES DD, KEOBEE

mmHg abs.

Limiting Pressure

mmHg abs.

Limiting Pressure

EERR2TERFIERS RIIS-RR-31-1

9.6% methane

30% hy'drogen

1500 in air ® in aitA
1200
900
760
600
300 i ! 1 I J
0.2 0.6 1.0 1.4 1.8 2.2
Hole Diameter mm
Fig. 4 Effect of diameter of a hole in brass
plate on limiting pressure of quenching
with variations of plate thickness (L)
EFROALENYEBRENCRIETHE
15001 8.5% methane in air
1200
900
760
600
300 ! 1 ! A
0 25 50 75 100
Length of Glass Tube mm
Fig.5 Effect of glass tube length on limiting

pressure of quenching for various hole
diameter (D)
HIAEORIVYEBREN RgTE
1



MR B0 B3 EARSCET 5 HR

X, HYRORBERLICLLHET, L LER
EDORICE—EDBRATD b - oo

FCBNo L 5w (Fig.2), BREBER 75 vor
RHBRERMAT 270D DB A N 3B LEh T
503, FBRTIIZ O 3EREOWTKEHBORMAT
MNEEE 2, FA—DOHBEZ2WT 3EOHEY T,
Fig.4 RO'5 DL, “hbd SEOHEC L hES
NIRAEDD 5 bOR/MEEZZNEREALLELDTH
%o

Fig.4 RO'5 @B WTIL, BN FETFCE ] WieEg -
FHRE O, A THECRAN ADKLEEMHERE
BHDORLERL & DOEEAELEEEL D, Tiebb,
BBEEFTACDWT, A CEETCEETB kLD
KRBl L & D OBBRERDBZ ENTE B, Hic
RRAET S 760 mmHg CEHIRARE) OBE&%H
BMTRLEY, UBORBCE T, SDXI5LT
Fdle L L DERACT, FIENAKTED E &0 k5%
HETEHMBEOIEEOWTEE LTEET S,

1500 — !
A
4
< 1200}
%]
e
g
&
900 -
N &
5
a
&
A
bh
RS
g 600 - X
- \ ~—0.82
\ / L: 11’1‘11’[‘1e
\ / o
~—y 10 A
300 i L 1 1 i j
20 30 40 50

vol. %

Fig. 6 Limiting pressures for quenching of
hydrogen-air flames with variations of
diameter (D) and length (L) of a hole
in brass plate

KRFRBRERNERRCRETHE

Hydrogen in Air

— 0 —

Fig.6 1%, BE&V ADBENE R RIS THELYRT
BITHBo L RV D H—EDBHFTOWTERELER
FEANDOBFER LIS DI, £ 2 vOBELKEEFE
CUEREMECS - TR/MER LBl L7052, &
5 LICEIANE K K DZEBIC D\ T OREE DL B B TR
IRBEZAHEALTH B,

KrbWbLAR LK, BAEFHCRIETFRBED
HERELCR, 0z L3, YEENSSENIEER
BNTL LUk D oA EE R X » CTHIEOWN 42
BrRESBRIRDBEEERTEY, #-T, FDL5
TRRRBERR I BRI BB DWW T DS B i B b
X, WEOBMCLERLRELRT 22380 hiche
Too Elc—7, UBREMITOMENELBRETHS
CERERETIL, KKBFIEBRORTLIHRE LiEH
LoBRNLY, YERRBEMT COMAEENMEEIN
NIERBOHEMIEEONB LELTIVv, ThHDT
b, LT ORI YEEMNEDO 7 ARE O WTF
THHZ L &35,

5. & £

ARETIE, —EBORET CEUIKELHEAIELD
CEl L & D OFRRRY, * DRGNS A DEEI
Lo TEIELBNED2NTEHRT S, FAEETMSEE
fHE% B2 BH, ZOEEIXER, R B AR
(DRME) 52 BBETLHZOT, EEE LTI,
FEHRCBT 2 YPRBRABR EASETFCET 5 AR E
DERERTAZ LIed b,

5.1 MRIC& B HXRD—IGRYZEE]

Fig.7 1%, 4.2 §iCl~IcH B X »C, HARRE
J5 760mmHg L&D L & D OFHE 2 % vl
BRDOWTRLESDTH B, ERFEOHENFOE
HTH5EELLNBN, BEFER (LS10) L5528
(Lz25) ORIV LoDl EITES VWb
5DT, WEDOEIIHHR TR L, LL10 s\ Tl
BIIBIRTH D LRinT o LN TE, HOBARITR
APEURDHTH B, D & L O OBIRIE, #Hikd
5 X5 WEBTEMUEIRIIZ S DMUDOH A L DB L

D=0.003 L2+1.,55
RTVH, WTFhiee X, Irbbbns X (HE

oAz Le—BELCDRELXE 5B, 55
Dewt+ 2BAENIRGEL » L HEYELS 5
B, Th X vEIC/PMIVD CIBREES A 1500
mmHg 282 CLE > LD 2 Laib s,



— 10 —
3.0
9.6% methane in air
Limiting press. : 760mmHg
g
g 2.5F
L
[=]
m
G
o
8 2.0
=
8
A /
1.5 1 1 I 1

0 25 50 75 100

Length of Hole mm

Fig.7 Relation between diameter and length of
hole for quenching

HRBERC T2 HA0EREELIOEFR

ED) L=0 LT D ¥ ecind LizELE 2 &
HEE L,

L=25 ofFE ik, L & Dt SESERL S &
HZbib, UL, LiItXks D ot LL10 B4
CHLUTNEWZ SIZBLATHD, Ei, L>100
BWTUL LeXs D oEMRIFCHES TS 2 LR
BRHAZhS, Rt Bbhh Ty, D=3.5,
L=100 » t EDRERESL 760 mmHg L DEWEWD
REXEETSE, N0 L>100 0oBE BT 5ERO
FERIL D #138.0 & 3.5 ORI\ CHENC BT ER
LB TChB, 0D, D MRAAHEEEBLIIUE L
B S LTHBEAINTVERNEET LR, 0
RAD D BAKETOWREL VDN BT L2
BELIV,

ChODORERIE 2B ST HERLYE LIRS
&, WRCKE L L D OB bhOBRRH5 &
LTh, thix, H3EUTOHED L (X D) o
WTLBRIZET, 0, ZOBFRIT L kg WgE
L o X5 D OBV nsd SThid,
BHRERIFET L O%Riz D ofmcohTMNE Lt
3) VB LOTRITIER SRV, 2 5 LcBIRAR
MTBRED Lk, & viEonwTit 100mm BT
BBN, KEBERBWUL, FHRLAE XS5 L=25~100
DEETIL L LBRRAENOMICHEAML A D -
TeZ &b, HEDIDIE 25mm [ ko L #NE L3
5X57% D & oWTRBERD Lix25mm FCThHS
EEZbRhD,

5 LB e A Lo kKB LB ORI % TR
LTHB &, L #EE D ARELTHWHELTS L0

ERXRTLW R RS RIIS-RR-31-1

SBIRMERITIT A FRBIE L BE-THEEIRLH
ETEELFE, L Uit T5 D) =i LT
M URERYFECCRIMELZER T84z, L (X
1 D) DINIWHBICOWT DT — 2% Hie L-Rst X
DHBRENKE NS WL D, b LBt ERH Th
i, ORI ERELTHZ LRI > THEDELH
FT5 23 (BeKkR0X > hBREEEDOKRE VT A
CEILT) FE LAV, 202 LI DA
EDOWCHEETH S Z EMNRDFIN 5 1 &
L BKRFE-BR AR DOWE BT 5 ER I g, HAR
RENZEEEE RBTw5 LIKi4T5) LeEdic
W58, brBBLECRBREIN—F LK%
BBEEHTHRENEDND) X 5 RBROWE 7 75
Tho CTORANEGWEOHE (RT3 D iy
T2) WX TRRBZ LTI ETHR, 85T,
DX S IBEIE, BB EBREIHE G20 HEIE]
PR B HHHEA T LA BERSRELHH TS LN TER
TS

D EDRmZwNS, ERICHER L STEEO N A2\
THBOEZ2 FHABERTES O, HARLER L (X
X D) AVNRWEEILOWTThH D LiERIh b, HA
B D BFAOEEI L » TR DD, RRER
CXIEESRE A WEBEN LR o&Gv T &%
25D T, LL10 DBEROWTHTRHRT 5%,

5.2 ZBRR CEXBRLOEB

Fig.7 @B \Tix LZ10 o#ifEs 2 kg oELL
et TREEHRTELLTS D OFREE 021X
0.02mm LIFTHY, i, EENCERIELTHS
OT, L & D OBRZERCALUEREZ L LTS,
Fig. 8 131 3FEDOH AL W THAERF B Licd DT
Bbo IBRENM 760 mmHg OBETH B, B
RENHFIZE 500 it 1,000 mmHg OB\ T
ERRERDZ &, L=0 Dr DD OEFMREFNFE
WRBHY, BHREOEXEHAINOZERE 21T L
Vo) »

W EERSE DD 7 APEEEIZ DN TIER D ELIFAE
hrhd RAEE 760 mmHg) :

D=0.029 L+1.51 (8.5% » x v-72&)
D=0.028 L+0.46 (35% k¥*E-22%)
ZD2RKG Fig. 8 DEFLURNLY B T5 L85 2 7

¥ ORRERLLIdR, LAYREwE ) HER
EEHOXRELBBETHORBET 50 TR h &
WOIELHFIE, PRIFEYETH- RIS B X
%o



MR B0 5 BARRCBT25%

2.0 —
9.6% methane in air
D=0.032L+1.50
4.5%propane in air
1.5 1= D=0.028L+1.37
g
g
1.0
Q 4 o .
30% hydrogen in air
D=0.030L+0.44
0.5 4
0 1 ]
0 5 10

L mm

Fig. 8 Relation between diameter (D) and
length (L) of hole for quenching by brass
plate (Limiting press : 760mmHg)
HERRZ X5 JWRexT 5 HLoEREE
Y ALES

I, YEEMEDOEECRWTIE L OFRHuLy A
DB IDRVW—BELA T ENTE S, BT,
FHEL, AUTARDOWTURIRIESE LWETHBZ &
Bhbohnd, L OFEEEZE 0.03 L L&D D ®
FHEME L RPME L 0EIFEAW 2% (GEXHETIE 0.04
mm) THBHDT, 3EEOHF AELOWT D & L DB
BEHRDO—BRTRL T RS R IE R
D=0.03L+D, (Dy BHARLL»TREND)

L OFEN T AOEEC XS W—EIETHD &4k
FTERBRIII V. L L, ZOFHIL Fig.d Tk
T 3L T ALDONTD 3ERDHMBOERCENSTAET
BHT EBELDHLE, FAOEEK X - CliEoTLxX
ROBHEHGMOMEBRGRARRS L LTh, 3EOHE
DRI BMIEET A itV L5 B2 S,

—%, EROEFCE D, 13 Fig.8 OXEBORILE
WC L=0 L LickED D DETHHH, TO Dy R
MRBLEEMEEREFETHTHH 5 Z LA FRERN S
%0 Fig.9 1%, FhFhon Ao\, D, &, Fig.3
TR LIcHAREOR/ME (D) DBfFERLIES O T
HbBo KD 3 HIERCELERABZENTELSTH
30, BEEROANLELHYELID L 7t b, L
L, WEAERNLTIE D=0 0L Xit Dy=0 &
RBERETHBHEEZLNBDT, TOL&BEEMKLT

FELRERDIEKRD X 512l ¢
D,y=0. 44D,

Fig.9 iz ¥, NkRFI-BOBREE LY, A
DRESIFWELEED 12 LT EFNLL &3 EREI
R T 5BMRE TR TR LI, S oDBEHOET, =
DOREBERIZ DL ) FUBEDOFE LD THB Z LERLT
B0, HRER 12 L0 5 REEE AT Cil
RTERCEERDHZELERL TS, ROKBES
LE X, KEBFIESRC(ER T2 MBEOAE SIIM AR
D04 EUTETHIENEDLNS,

2..
Dy=Dy/2 ~ g
! G
g >
1 =
S = \“\
- Dy=0.44D4
0 | I | ] 1 i 1 I}
0 1 2 3 4
Dy mm
Fig.9 Relation between quenching diameter

(Dg) and D, : Dy is calculated from each
equation in Fig. 8 by substituting zero
for L

HEREEL D 0B8R (D, 1% Fig.8 oRic
BWT L=0 tLitExp D 0fF)

DbtoiEREL>F Lo, L V& Q0mm )
HETE, YBEREMEORAE VN ADKEDOHICNE
e Dt L OFBEIKRATREINBZ ER-IB 1 .

D=0.03L+0.44D; (Dy ZEEHT ADPEER)

Tk, FEEHEEIC AT 5 M (dametral clea-
rance) RITBHKF-BREOHEKEETHERY L X
g, MIBOXE S (Ros > mooMBOERS) &
EHAEOES L OBRE, AHORE L AT EERE
RELB I EMRENT WD, & DIEMIIE, RRORE
BLHBTESF— 23BLRATVEWX 5 TH b,

5.3 HADEBEOXE

ISR LXK, HRENER L & D OBFEIX
HARPLTHTED EELDIDD, BFICEL 7B
FBRE R TRITADEET L 5 HAEEH0EYH
S BT 5 DT Cikisy, Fig.10 1%, EHk
WNE L & D oiige0EfERd L, D & LD
DERER LI DTHb, DX p LID O,
KEOBEIMOF AR L THEE L, 2x2vEF
B RV TILETE DR 5 OB LD 520 TH



Bo THHLDOHEIT, MACKHER LNDRI-TE
B LRPRCRT LA, RARE, KAHIES
DD L% DK UTEDX 3 LT RIE I v,
COWCOREREE2B5DE LTERATH S,

Lr Limiting press.: 760mmHg
Brass plate
10+
30% hydrogen in air
S . 9.6% methane
= in air
5l
4.5% propane
in air
0 ! 1 I 1 1 1 ! |
0.4 0.8 1.2 1.6 2.0
D mm

Fig. 10 Effect of hole diameter on the ratio of
hole length to hole diameter
HIOERE (HALORI)/(ER) 0BFR

5.3 Palmer DB & OEFF

MR DB L & D OB O>WTOFARSEE L
THIBRI T3 Palmer ORBRARIL, BIBELCX
51, L Xk D D/ IWHBEBWTLERE TS L
EELEVWEN DB, (L LID?=—% LW 5EHR
ks L & D OXREFZOWTIE, BRI ZSH
MBhbdEEhTn5,)

T T, ABOKBRER L Palmer DEERA L DZE
MNEBEFO XS RERY S ONEEETH, 2L,
WEETHMBRERY, Tk, BRORENKKEE

EERSFTRFTIEHSE RIIS-RR-31-1

Dmax I

S

8

g3t

g Palmer’s theory
A (L/D* =constant)
G

e

Doyl
0 / L

0 Lmax
Hole Length (L)

Fig. 11 Relation between diameter and length
of a hole for flame quenching (explana-
tory drawing on arbitrary-scale axes)
HRCET HIAOERLEIO—RNE
FrnTHEN (EEMER

ERRET LD 55 BB DT, BEWREC
WTHEET S DTl E 2B - TEL,

Fig.11 13, WEoEXLHrbErhs L & D OFF
BE, BEWie—%75 L5 s oEEms AVvTnaL
b DTHB, KRR RBICT B, AP TOHRHKRD
BRIBAEOERICH T TUR LS, EECIL 1 EOZE
AR -l s LTRTOREYTHS (O
1%, L=0 ot ¥ D=D, k79, L=Ly. Tk D=
Doox=—%F &b LICEE), Palmer » 2 %k=Hiz,
L=0 &\ T D=0 L7z B FEHCTRINDB, (ok, &
TTIBKR L & D o—BRWEREH T2 ORENTH
D, $-T, 2RADFEHCEROEXILHEYEALT
H5o)

ErbBEbNe X3, LAkAEN TS TIIT
DOMBHBE CRERE L EL bR, COFERK
FOTRAEBEOER L5 E 2 HIR CEREFEOZ
L, DX 5 Rk T Palmer DR,
B ABESEYHBETLL0E LTRYEERE TS, L
L, 2OX57cfERTE, Licks D ok L
MEREWBERELT) PNEWDT, L & D HE
BEARIC 2 LA LTHERERERBR T DIkt

—7F, LAPpEWESTREREOBEBRAEN L
ERECRLIES D THBD, Pl kREFILEOR
HeEwrEREOBH AN BARIE, BWEOMRYFIET
5125 NEEFORERE L5 THAH S, FTOEMIT
WDELEYTHS : Fig. 11 T, HEE BHT 5
HEFHBITETS X 5T Thsa, b LEENRK
HBELTh, Dy>0 ThHBNbh, FOZELhLEnr
EGCEE TR, ERIECHERO EATH B TTH
Do ST &L, BB D THLTHEETELLRD



R S BABESRE T B HE

LoBisnEEoRc s LI REWT E2ERL
TEY, D BELTHIE L k2 VG EEENES
THBHZ &L, WEILBVELRNSEETHin,
BEDZ &hb, % L Palmer OEBRFN (FOEH
ETEREDTV) HHHHEDO L woWCTELL BEREH
BPBLTWEHDTHD EThiE, LiIAEe i FuwEiFEc
DUTHRERAERCAEBE LR LTS, & DR
ZEBICEATAZ ERIIBBI VWL O REL B,

6. #

i

MR BT DA ETET 5= o0RTF HHEO KX
D ERE L) ORREBELAE TS D, B~
BETHEBREN T AT L VEEINBBREMET
DWTEHRL, RENL IBEO TRE Y A-2ZKES
HOKKDBREE L HBETHEZ HTERR LI

ERRFHEE LT, So0BHAAROBIIRERFE UL
W T AE R, —FORBFTE UBERK L4 b
FBEBE LR CBEROBES Y AFIE (MABRRED %
Rblco EBIIKE, A2 vXET R AV EEZLEDE
BHALDWT T >, WEABRENZ—EE Lz
&0 D & L oBfRIE, LANIWEEICRTIE, &
Blh—RATHEUTERZ Eavbhot, & OB &R
Uk, MBREEMEORAN ALDWTUL, WhPLH%
BOZEEER & T5E0ME5 2 OBE I EERIT T
THLDEEZBRS,

¥, EREOKKFIESEOHRFRALE LCOFIES
ERLT, RRZOHHFTORMIE->T\% Palmer

DEEBREA L DEIRIEDONTHEE LIz, B, HERO
12 DTOREIDOMMBEE 725 X 5 0 K4 IESR 2 e
Thil v aunw i koA v ing, ¥4kl
BRED 407 LTFTOMBETRETHBZ EEREL
oo

RBOFERIT, BRBRENXZRE L LichZickS
RLDTHHIc®, HBROTROEE O « oM
BoR i EOBEYEELTUITLDT—RILIAB LD
THHH, WRBREFIH Ul kK85 LR OB Rl
DWCTHESRABIBOA T EWERC BT, &
WMOBRIIEALOBRE LTLENFBCcEs L%
(BB 57.8.1 &)

2 £ X B

1) Palmer, K. N.,, Proceedings of the Symposium

x50

on Chemical Process Hazards with Special
Reference to Plant Design, pp.51-57, The
Institution of Chemical Engineers, London
(1960) : BB LR “bESr v ADKEHIEL”,
pp. 109-124, LMK (PR 42 48)

2) Wilson, R.P, Jr.,, and Flessner, M.F, Loss
Prevention, Vol.12, pp.86-95 (1979)

3) Potter, A.E, Jr, “Flame Quenching”, Pro-
gress in Combustion Science and Technology,
Vol.1 (edited by Ducarme, J. ef al.), pp. 145-
181, Pergamon Press (1960)

4) B, EERLPFEFFERE RR-24-5 (1976)

5) #, #H, ALk RR-22-1 (1973)



EEXRLTERMEHLE  RIS-RR-31-1

PEFI 58 £ 2 B 10 B % 17

RITET %@ EEERESW R
& 108 HRHEXZs5 THBHLE
E 5% (03) 453—8441 (42

FURET 51 B A B Rl #k X & 4




UDC 536. 46 : 614. 839
MERCHTDEXRRCETIHAR
—HEORES ERENVERICRETHE
®n FR

EERLHRFMERE

RIIS-RR-13-1, 1~13 (1983)

m%mﬁﬁéﬁ%ﬁ%%ﬂﬁLtk%%t%@%ﬁﬂ%bfm,M@@k%é(D)k
Eé(L)%go;ﬁm%ﬁ?%#ﬁ@bfigf@éﬁ,ﬁ%ﬁéf%ﬁﬁ@ﬂﬁ#&
woyroﬂﬁmﬁfb%ﬁﬁfm&bocoﬁ%ﬁm,%%%ﬂt%ﬁ@ﬂ@f&éﬂ
%&ﬁ%khf,%%@%¢?EEt§%k%%ﬁ%?é@Kﬁ§kL&DD%%%LB
Nt BEFADTENBEEEL L WEWIEER L LR, HETHRADIE
PREFLUTCERLLEER A2V, KEHB TS vy LEZEDREEN ADRED
%%@:ﬁ<,#0,Lﬁ¢§m%émm,D=0%L+Q¢u%<Dgu%%%)&L@
%%#,ﬁxo@ﬁh%%%h&ﬁ#é:aﬁb#otoit,:@%%&%&K,ﬁ%
CBI+ % Palmer DERFOZUMROVTEER LI, (K11, £ 5)

O

UDC 536.46: 614.839 .

Experimental Study on Flame Quenching by Narrow Holes

—_Effect of Hole Diameter and Length of Flame Path on Flame Quenching—
by T.Hayashi
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RIIS-RR-13-1, 1~13 (1983)

Flame quenching limits in narrow holes are studied for mixtures with air of
methane, hydrogen or propane. Brass plates with a single hole and glass tubes
are tested to determine any relations between hole diameter and length of flame
path. A hole under test is connected between an explosion chamber and a detec-
tion chamber, and then observations are made whether flames originated in the
former chamber pass through the hole into the latter. Through determination of
limiting pressures, below which no flame transmission occurs through the hole,
the hole diameter and the length of flame path are approximately interrelated by
simple linear equations, which stands for all gases tested. Those results may be
found effective in designing flame arresters. (11 figures and 5 references)
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