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I NTRODUCTI ON

_~ inportant phase in the Bureau of ~unes investigation of electrical
machines designed for operation in gassy coal mines is testing enclosures of
electrical components for explosion -proof qualities. In brief, this testing
consists of filling and surrounding the enclosure with an explosive a':osphere
of nethane and. air and then igniting the atmosphere within the enclosure to
determine: (1) vThether the resulting exploSion is confined without discharge uf
flame; (2) l;hether the enclosure walls are pem.anently distorted; a.nd J)
whether excessive pressures are developed within the enclosure.

Ordinarily, the pressures encotmtered in routine testing do not exceed 100
pounds fer square inch gage. Hence, the rlesigner of -the machine does not havG
too r-ich difficulty in tal~ins corrective measures to pre"iient flame discharge
and distoi~tion of the enclosure. Occasionally, however, -the ex:plosion pr.es sures
greatly exceod 100 pounds. Then the problem of the designer may not be solved
so readily. From eXj:erience over the years, the testing l':rSonnel often can
predict that certain construction will result in high pressures, but, only in
a ver::l' gonora.l vmy, has it been J:)Qssible to advIse dGstgncrs what modifications
might be made to reduc8 the explosion pressures to normal values. For example,
if high pressures l;ere devcloped in a. motor starter having a partition with a.n
ol~ning t.hrough it, some enlE'.,rgcment of the olening may appec.r to be the logical
procedure, but it has not beon :¡ssiblc to g1_ VB infol"nat:Lon concerning the
exact o,nount the opening should òe enlo.rgûd to :prevent developnent of high.
pressures.

Because of this lack of knowledge of the factors tha.t hc.ve a bearing .~i)(in
pressure piling, a rosearch project was undortaken in the exi;ectation that date
of practical value to the machine designor would bo dorived.

HISTORICAL BACKGROUND

Tho effect currontiY )mown as pressuro piling W8Æ first systeriatic8.11y
invosti c;ted by Boy ling .?j Extensi VG tests conducted from 1903 to 1906 to
doterrri.ne the flame- and explosion-proof ~uuliti.es of commel'cial enclosuros
for olecti'I0al "waratus and motors showed that very violent o,nd dostructive
explosions occurred in certain tj"'GS of enclosuros. Such enclosures were
usually the type in which the froe inten1G.l sp:ice vie.s divj.doc1 into separate
con:.l0cting COl:inrtments. 'Beylingls simple explanation of the phenomonon, which
wo,s essentially correct but not entiroly compi"to. wus as foliOi;S:

1. Following igni tior., somo of the gas mixturo a.head of the flame front
is fOl'ced throug.li the comiinicatinß inssagcway into the adjoining oominrtIent.
r~/ Ecyling, E., ¿fsts for Dot81Tiining the Safoty of Sl-"'ci.:.iiy Protected

Eloctric Motors and I..ppar:Jtus Agciinst Explosion froni. Fircdam.17: Glückauf' J
vol. 42, 1906.
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? Pressure increases in this compartment above the initial atmosphericII i li IIpressure, hence the term pressure p.. . ng.

3.
from the

The compres sed-gas mixture is finally ignited by the flame projected
igni tion com?1rtment.

4. The explosion pressure observed is directly related to the degree of
compression before ignition.

The following conclusions are drawn from tests by Kirbyl! to detennne the
relation of flame movement to the pressure rise in a methane-air explosion:

1. Time of maxinium pressure is identical to that of total inflammtion
of the mixtu re .

2. Critical length to cross section of an enclosure to produce vibratory
movement in flame profagation.

3. Speed of the flame front is nonuniform (0 to 20 meters per second) .

From a study of photographs by Grice and Wneeleri/ of the flame movement
in coupled spheres as related to press're curves, the following conclusions
were drawn:

1. Rapid rise in pressure is due to the turbulence of the ",-as and to the
relative size of the ignition sourco (flame) to the volume of the compartment.
Both factors increase with the incroase in ratio of the volumes of the coupled
spheres, provided, of course, that ignition be in the larc;G.l" sphere.

2. Although the maxiimm oxplosion pressure is dil'octly proportional to
tho initial pressure of the gas Ttxture, as correctly assumed by Beyling, the
rapidi ty of rise in pressure is, in contradiction to Beyling, definitely
retarded by increase in initial pressure.

PhotogrÐ.phs of flame -movoment and expJ.osion -pressure curves by Coward and
T¡lneelor')) show that the motion of flames in long tubes where the ratio of longth
to diametor is of the ordor of 100 to 1 accelerates rapidly and becomes
vibratory. The nature of this vibratory propagation is akin to that of
resonance of a gas column. The frequency of vibration of t¡1e flam" was found
to correspond to pressure fluctuations. The fre'luency of the vibration obtained
exi=rimentally checked wi th that obtained theoretically from the assumption of
resonanco. Thc freqaency of vibration also could be dotected audibly bv the
pi tch of tho explosion noise.

'Ij Kirby, W. A., ExplOSion in Closed Cylinders: Safoty in Mines Research Board,
Teclmical Staff Locturo, Oct. 25, 1);6, 14 pp.

i/ Grice, C. S. W., and Wheelor, R. V., Firedamp ExplOSions Hi thin Closed
Vessols: PreSS\1re Piling: Safet;- in Hines Research Board Parer !¡9,
Harc!1 1928, 26 PI'.

5./ Coward, H. F., anò. ,lheeler, R. V" Tho Hovoment of Flamo in Firedamp
ExploSions l Safety in Hines Research Board Paper 82, June 1933, 59 pp.
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In ~irther tests with Q ~ibe 106 feet in length by 1 foot in diameter
providod. with 11 partition plates each with a. 4-inch-diametor hole, extremen
high flame Pl'or.agations 'of about 2,000 feet rer second were obsorvcd. The
CUmuJiiti ve effect of eo,ch comrortment on the next is to causo an extremoly
high l'Ute of combustion of th~ gas by increasing thè turbulence Qnd tho violence
of the flamo project0è, into succee(:ing compartments. In othe¡" tests "ihere
solid cxrlosives woro used for ignition, s:pods of 6,000 feet rersocond wore
obsorvd. Many of tho lattor charo.ctei"'st:i.cs of flame in.~or:ßation a!'c typical
of tnlO dctonntlon. HoWCVéT, it differs from true de-cono.tton in that its rate

of proragation has no definite constant value, So that at best this represents
only quasi -detonation. The following linn. ting mixtu:L"o .. CH4 + 402 + 4N2 .. for
detonation is given by Jost.~/ This nñxture has twice tho concentration of
oxygen as that of air. Dotonation .pressure for gases is about tTtl:.co a.s i-'1rgc
o.s ordinary pross"llres without detonation.

BUÆ!'U OF MIllES JEST EQUIPMENT AND PROCEDUm

Test Box

Ths box or enclosure is shown in figure 1. It is constructed of 1/2-inch-
thickstoel plates. The Joints between. the bottom, side, and. end plates are
welded. For additional strength, the cO::Tcrs arc reinforcod Gxtoinally with
steel braces. Airtightness of tho box is eom¡:rable to that found. in corrmiercial
Gxulosion-nroofenclo8uros. Four chaIl'1els have beon machinod in the box and
co~r to fit 12-i/2-inch-sQ'J.o.TO steel removable p:rtition plates. Trds IBl"Tiits
the voluIne of the box to be divid.ed into t1lo i:arts having tho follo107ing ratios:
(a) 1:1, (b) 5:3, (c) 3:1, and (d) 7:1. Fiy~ rnrtition pL"tes with the following
sizo holes centrally locatod were 1.:80(1: (a)lO-inch-diai~etGr, (b) 8-inch-
diar:iotoi', (c) h-il1ch-d5.amctci", Cd) 4-inch-squaL"O, and (0) 2-inch--diamctor.

Figure i shows tho loco.tion of tho pressure sagos, point of ignition, and
gas and thermal conductivity meter connections.

Pressure -Recording Equirmunt

The pressure gclges employed arti tho strain-go,go ty:çc. Go.gos in tho ranges
of (a) 0 - 150 pound.s p:r s'luare inch, (b) 0 - 300 rouiid.s per S~UD.re inch, and

(c) 0 - 500 pounds per s~uaro inch werÐ used. Gago natural frequency is abovo
2,000 cycles i:er second with a 2-mllisecond response to a step-gredient pressure.
These gages consist of four 300-o1nn-resistance wire elements ßrranged in the
form of a vmea tstone bridge. Pressure atlliltÐd to a diaphrcigm to which the
strain elements a.re attached prod.uces unbalance in the bridge, which varies
directn "ith the applied pressure. The bridge unbalance or output voltage is
about 50 millivolts for these gages, at mted input voltage of 18 volts and at
full pressure range. This output voltage is enough to be rocorded. d.irectly by
a DU.mont 30hH oscillosco1'e with maximu sensitivity of 10 nullivolts -:er inch
(ieflection. The gages were opei'Uted Ð,t a cGrrier frequency of IJ ,000 cycles

lJer seconcl. This proved more convenient than direct-current operation because
6/ Jost, vI., ExplOSion and Combustion Processes in Gases: NeGra'" Hi:ii Book Co..

Inc., New York, N. Y., trans. by Huber O. Croft, 1946, 621 pp.
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of greater ease in null balancing and caHbration . 
The prossure curves, obtained

photographically are those of the 10,aOO-cycle rßr secondcardar mod1.låtod by
the outtJtsignal voltage from the to;ageunder pressure. The pressure at any
instant is given by the ampH tude of the double envelope. The symetry.ofthis
double envelope is a measure of the adc'luacy of the carder frequency, wr:lch is
considored high enough for 2,000 -cycle -per-socond frequencJ' resronse. The time
base of the pressure curve is obtained by the internal S1;eep of the oscillo-
graph. This sweep is actuated from a double-:pole switch, which triggers the
sweep at the instant the ignition coil is enerG'Ìzed. Delay in tl18 s.iee:p, when
needod, is providod by use of a re lay in the SWee p cil'cui t. A time base of 60
cycles For second obtained at the oscillogralJh is used for time calibration.

Test Procodure

Pi ttsburgh natural gas (a.alysis, approximately 91 lßrcent CH4; 8 :ircent
C2H6; and 1 :ircent N2) was used in these tests. A thenr¡il-conducti vity meter
measured the concentration of gGs. A 9.5-:percent mixture of ga,s was found to
produce tho highest explosion pressure So this r:äxture 1ms usecl in all sub-
sequent tests. The gas mixture was ignited along the central axis of the box
at one of the seven numbered positions sho'W in figure 1,. The two pressure
gages and the conter of the holos in tho fi VB rarti tion plates were locat0d
along tho same central axis of tho box. til oxplosion-proof blower was used to
circulato t.'io fresh mixture. By mosns of the valve arragement and an auxiliary
blm;er "ith a caracityof sever8.l hundred cubic feet IJCl" minut0, tho, box was

readily lJUrged after the explosion and a fresh mixture of gas and air acl tted.

EXPRIMENTAL 'PEST DATA

No Partition

G¡;~ position 1 ¡ Gage
lJ.uximUJl1 ¡ Ti;~m:i ¡riximum
pressure,¡ pressure, i1gn:L.tion !pressure,
p.s .i . I rn llise conds 'I', vasi tioD :, 1).S.i.74 300 1:-78 220! 4 , 807lt I 300 7'

l"Qsi tion 2
Time rr..xiiniff

I pressure,

i rúi1liseconds

250

Ten -Inch -Diameter Oi:en¿.!1''J:'i tj,on'" '-l'1' I
'! "ar,e rA)SiviOn I Gagc.msition 2"la' XJ' un ' "~me mo' 'i '1" "" .¡l.v.. _l! I .i_~¡;. ¿. ~xir:iu.m i '.uximum ¡ -L..lnC max:ir:rùm

Comf".rtment ¡pressure,! pressurc, ,Ie;i tion ¡pressure,! pressuro,
--lt:'.O ,P.s .i~. ¡milliseconds 1'1JOsition I PiS .i.. lmilliseconds

1:1 I 78 : 250 l! 73 i 210
1:1 i 84 I 2lD i 2 ! 78 ! 200
l: 1 I 80 i 230 3 i 78 i 210
1:1 ! 78 i 220 I 4 'i 76 ' 210
1:1 ! 81 1190 I 5 ,76 100
1:1 I 81 i 230 I 6 'i 77 2ÍO1:1 ~ I 150 7 1/95 180

1/ Oscillations.
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Igii ti.on pasi tion 1 2 3 4 5 6 7 Parti tion
ratio 1:1

Dist:-tl1ce to
22..1/2parti tion plate, in. 13 12 r--

3 9-1/2 16L'

1 2 -) ~. 5
/

7 Parti tionI øii tion posi tion J \)
ratio '1 :1

D:Lstance to
9- 1/2pirt:t tioD plate, in. 31 25 19 9-1/2 3 ~

-'

Igni tion rosi ti.on 1 2 0 l¡ 5 G 7 PartitionJ ,

ratio 7:1
Dis+Áènce to
:¡rti tion plate, in. 37-1/2 31-1/2 ')~-, /2 16 9-1/2 0 3'-j - .'

DISC\SSIOH OF 'lST DATA

Table A. Hi thout an obstruction in the box, the pressure è.evelops
gradually to a llß-ximum value for central i(,'1i tion of eO Txiunas l::r square inch
in approxir:.t~ly 0.25 second. (See. curves i to 3, fig. 2.)

Table B. \oith the lO-inch-ètiametor openin,:) :¡rtition and a com:¡artment
ratio of 1:1, the effect of the ixirtj,tion increases with the distance from the

1='lrtition to the fOint of icnition. (~ee curves 4 to 11, fiß. 3.) The effect
8"'18n viith .¡¡ 10 inch diametcr..orening in a J2-inch-squa2'" 1:i1otc in producing
turbulence of the gas is ShOÌ'ff in the r9.pid rise in the p:cessltre curve after an
ini tiul sloW rise as in tnble L. Pressures are of tho seiue magni vide as in
table A, øxce:nt when vibrations occ'.ir ns sho'\.¡n by comraringclï.rvelC 'Hi th curve
11, figtire 3, 1-¡hon t:iG prcSSU1"' liO.y diffe:r by 20 to. 30 i:o"Lmds J;r square inch.

Tests under apparently identical conditions fi"equently produce both types of
Clèrvcs, which differ only in the high-fre'luency oscillations superimpasòd on
one curve. (Com:¡rc Gurves 56 cmd 57 and curves 58 and 59, fig. 2.) T.1is
behav:.or is similar to tIiat of the critical conditions tInt r.iust be met for
reson8,ncc in general.

fJith the rErtition dividing the box in a 7:1 volume ratio, the effect of
the partition is not as sudden or effective in causing a sll''1rp break in the rise
of theprcssure cUr'ýe. (Soe curyes 4 to 25, figs. 3, 4, and 5.) It is inter-
esti.ng to observe th8.t the shaix of the two sots of curves shmll in figures 4
and 5 is a.J.nost identical, s:i.nce these were taken at the t1-10 oPpostte ends of
the bex. The largest pressures occur in the largor of the two com:JO_rtments wi th
iQ1i tion in this cornrnr'tent. The la:"gost pressure normally ¡vouldòG GXI:Gctcd
in tlic sm3.11or comp;trtment on tho basis of pressure p:iling. rro smallest
p~"cssuro, by .J~hG same reasoning, ¡-io1.1d be ox~!ected to occur in the smallor

comT,artmont with igl1i tion in this comT"rtment, and this is actually the caso.
The ¿li.í'oronce in the p:'essur'os involved" as compared to thoso shown in table A
for no :nrtitioii plnto, is about 1:15 ixunas POl" square inch.

1P~ b 10

sirnilar to

frequently

C. Hi th the 8-Inch-diametcr opening inrti tion, the results are
thoso given in tablo B but mOi"e pronounced. Oscilktions occiir more
in tho prossure curVGs. l'¡ith a conirürtmont ratio of 1:1, pressures
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01" 110 to 130 pounds r:er square inch were obtained with ignition at either
extremity and measured at eitlier end of t!ie box. Hit;1 both the com:¡rtment
ratios of 3~i or 7:1, the high pressures :in the larger comtai-"ment G.re
associated with a corresponding low pressure in the smaller compartment.

:;ble D. Hi th the 4-inch-d:lameter orining i:irtiti.on, the general trend
shown in tables Band. C is continued. The effect of' the smaller opening in
producing a much more rapid and abrupt rise in pressure is shown. (See curves
26 to 47, figs. 6, 7, and 8.) The; hi&1-est pressures are again obtained for a
com¡:rtment ratio of 1 to 1 for ignition at the extrer,iities of the box. High
pressures also are obtained for a conrartment ratio of 3:1 in the smaller
com:¡irtmont for ignition at the extrer,ii ty of the larger cominrtnoent. l'he smallest
pressures, as in the case for the lO-inch-&nd 8-inch-diameter :¡rtition pJ~'1tes,
aro obtained for the compartment ratio of 7:1. 'Jis ,'¡ould seem to indicate
that the effect of pressure :piling is negligIble in these pirticulo.r tests and
that Some other 8xpJr.nation must be sought, :.ssibly in the ctyne:mics of gases.

Table E. \oith the 2-inch-dIameter opening and a compartmeht mtio of 1:1,
vary hig.~ pressures, about 3'00 pounds per square inch, were obtained. Again,
m.aximum Tiressures are observeò~ for tgt1~i. tion at ei ther extrc~:ii ty of the box,.
Comr--rison of tho curves 4ß to 55, fiG"Ure 9, shows the scme ßeneral r;ttern,
although the prossures vary from 9:L pounds per squai'o inch to 315 pounds rer
square 5.l1ch. The higher-pressv.re cu.rves only differ from the lower-pl"'ssure
curves in that high. frequency and larse -amrH tuele v'bl"ations aJ?ear in the first

30 milliseconds or So of the curve. The high pressures are those of a transitory
and I'apidly í'luctuatinG nature j entii'el;y different from that assumed as a result
of the effect of 'preosuTo-piling. Tne oscillations ai~ cansidenibly greater
than an:tthing shown iJrcYiously, :'.¡htch may be clue tö inst:c'tlnlCnto.:'cion. Cu:rV8 49,
figv.re 9, sho¡,¡s the liigh-frcquoncy oscilJJ"tions more c16arly than curve 48,
fiG'1l'e 9, sinGe the lO,OOO-cycle :pr second carrier frcquenc,ywas eliminated by
direct-current or:crntion of the gage. Tne very rapid and h1gh prGssures 'a:r
lirs.~ nnde ovident audibly by the Shattering type of explosion usually associated
,lith deton¿ttion by solid explosives.

CONClUSION

fin o"ttempt has been i:iade in tlÜs re:port to predict and evalii.ate the effect

of 11re881.1'8 pil:ingin any givenexplosion-IJroof comJ;'1rtment on the basis of its
geor:icti"y. As a lJegiriniiig,. a Simple typ of rectant,ular box that could be
di vlc1ecl cs.si ly into SCIt\l"'l te compartments was eri1ployed. By extending these
tests to nore closely represent the more-complicated commerciO,l enclosures taken
ì¡ri.tli their contents, pred1.ction of pressure piling should be me.de wi th greater
confidence than i:ssible at. Tiresent.

Hith this in view, continmition of this investiGation is ¡iknned. Higher-
fre~uency ¡:;ges will be used to insure ""eater l'eliabili ty in the mea.surement
of pressures. PosSIbiJ.ity of cavity resonance should be eHrninated by the use
of flush -t;y-pe diaphI'ß'1S.

These gen"ral deductions are i:nde on the basis of the test results:
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DYNAMIC PRESSURE CURVES

No Partition
Gage Pas ¡ticn No.

Four-inch Diameter Opening
Partition Ratio 7 to 1

Gage Position No.2

(56) Ignition No.5. 78 p.s.i.

(1) Ignition No. i. 74p.s.i.

(S7) Ignition No.5. 97 p.s.i.

(2) Ignition No.4 - 78 p.s. i.
Four-inch Square Opening

Partition Ratio 7 to 1

Gage Position No.1

(3) Ignition No.7. 74 p.s.i.
(58) Ignition No.4 - 93 p.s.i.

(59) Ignition No.4 - 123 p.s. i.

Figure 2. . Dynamic pressure curves.



(4) Ignition No. i - 73 p...i.

(5) Ignition No.2 - 78 p...i.

(6) Ignition No.3 - 78 p...i.

(7) Ignition No.4 - 76 p...i.

DYNAMIC PRESSURE CURVES

Ten-inch Diameter Opening
Partition Ratio 1 to 1

Gage Position No.2

(8) Ignition No.5 - 76 p...i.

(9) Ignition No.6 - 77 p...i.

(10) Ignition No.7 - 79 p...i.

(11) Ignition No.7 - 95 p...i.

Figure 3. . Dynamic pressure curves.



DYNAMIC PRESSURE CURVES

T en-inch Diameter Opening
Partition Ratio 7 to 1
Gage Position No. 1

(12) Ignition No.1 - 88 p...i. (16) Ignition No.5. 78 p...i.

(13) Ignition No.2 - 90 p...i. (17) Ignition No.6 - 73 p...i.

(14) Ignition No.3 - 90 p...i. (18) Ignition No.7 - 73 p...i.

(15) Ignition No.4 - 86 p...i.

Figure 4. . Dynamic pressure curves.



DYNAMIC PRESSURE CURVES

Four..inch Diameter Opening
Partition Ratio 1 to 1

Gage Pas ¡ticn No.2

(26) Ignition No. i. 129 p...i.

(30) Ignition No.5 - 156 p...i.

(27) Ignition No.2 - 195 p...i.
(31) Ignition No.6 - 151 p...i.

(28) Ignition No.3 - 127 p...i.

(32) Ignition No.7 - 166 p...i.

(29) Ignition No.4 - 83 p...i.

Figure 6. . Dynamic pressure curves.



DYNAMIC PRESSURE CURVES

Four-inch Diameter Opening
Partition Ratio 3 to 1

Gage Position No.1

(33) Ignition No.1 - 106 p...i. (37) Ignition No.5 - 74 p...i.

(34) Ignition No. 2- 113p...i. (38) Ignition No.6 - 85 p...i.

(35) Ignition No.3 - 102 p...i. (39) Ignition No.7. 96 p...i.

(36) Ignition No.4 - 92 p...;.

Figure 7. . Dynamic pressure curves.



DYNAMIC PRESSURE CURVES

Four-inch Diameter Opening
Partition Ratio 3 to 1

Goge Position No.2

(40) Ignition No.1 - 146 p.s.i. (44) Ignition No.5 - 71 p.s.i.

(41) Ignition No.2 - 135 p.s.i. (45) Ignition No.6 - 78 p.s. i.

(42) Ignition No.3 - 130 p.s.i. (46) Ignition No.7 - 68 p.s.i.

(43) Ignition No.4 - 92 p.s.i. (47) Ignition No.7 - 86 p.s.i.

Figure 8. . Dynamic pressure curves.



DYNAMIC PRESSURE CURVES

Two-inch Diameter Opening

Partition Ratio 1 to 1

Gage Position No.2

(48) Ignition No. i - 315 p. ..i. (52) Ignition No.4 - 85 p...i.

(49) Ignition No.1 - 300 p. ..i. (53) Ignition No.5 - 96 p... i.

(50) Ignition No.2 - 115 p...i. (54) Ignition No.6 - 178 p...i.

(51) Ignition No.3 - 91 p...i. (55) Ignition No.7 - 234 p...i.

Figure 9. . Dynamic pressure curves.



1. Pressures of aòout 125 peunds :ir square inch are obtaInable with
openings as large as 8 inches in è.ianietor in a 12-inch-square plate. These
pressures are di¡e mainly to ¡ùg.'i-frequency vibrations. The 50-:ircent safety
margIn sometimes provided. in commercial enclosi\res c.oay be reached lll1der these
condi tions .

2. There is a critical ratio between the size of the hole in the partition
ph~te and the distance of the ignition pOint from the plate before a vibratory
tY)ie of explosion can be genero.ted. It would be of considereble interest to
determiiie the extent to i¡hich this ratio is inde¡ienclent of the size of the box.

3. lressure gages, such as those specially designed for detonation
studiesl in gcisol1ne engines, whould be used in future exploSion tests to
insure adcquÐ.te high-frequency response. A frequency resl'onse o,t least 1D times
greater than that of the present gages would be desipble. This need is 2.1so
indica ted from the recent tests by Ti t~ßn and Eaig~' and Stciplos .2/

1/ Titnoan, n., Measurement of Dynamic Pressures: Safety in ¡.j.nes Research
Lst:cblisbment Rep. 12, NOVBmber 1950, 31 pp.

§.I i'iw"~n, n., and Haig, J., Pressure Generated Dur:.ng Explosion of 11 Pontano-
Idl" MixtuI' Insido 0. Core-Coolod Motor: Safety in Minos Reseo.rch
EstCtbHshment, part I, Repi. 11, July 1950, 19 I'll.

2/ Staplos, n., P'.cssure Gonereted Dur:.ng ExplOSion of 0, Pontr'.o-Air Mixture
Inside a Coro-Cooled llotor: S'lcty in ¡Ünes RGseo.rch Establishment, p:rt
II, Rept. 27, ~xnG 1951, 171'1"
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