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FOREWORD 

The mvestrgatmn covered by this report was conducted at the Clvll Aeronautxs 
Admmlstrat~on’s Techmcal Development Center, Ind,anapolis, Indmna, under WADC Contract 
No AF33(616)54-15, Amendment No A2(56-1935), and RDO No R-523-369S~lz 



A STUDY OF FLAME PROPAGATION 
THROUGH HOLES IN FIREWALLS* 

SUMMARY 

hrcraft pcwer plant f~rewalls must allow paseage of fuel and ml lmes. w~rmg, ducts, 
and other components Present practice I” routing such Items through flrewalls often resultslm 
small gape or holes whxh may allow fire to pass through the flrewall and lgrute combustibles I” 
the adJace”t zone Holes large enough to allow passage of flame of sufflclent sxee to cause dam- 
age m adJaCe”t z”“es or to allow for passage of quantltles of flammable flulds or vapors into 
zones where they might be ignited are hazardous and should be avolded This report descrlbes 
tests to determine the allowable hole 8,z.z~ I” fIrewalls whxh prevent passage of flames 

The results mdzcated that flames ~111 pass through small holes in flrewalls and 
~grute combustibles on the reverse side. Where a higher pressure ensted on the flame side of 
the fIrewall, the flames passed through very small holes With 4 Inches of water lower pres- 
sure on the fire side of the flrewall no flame passage occurred eve” with holes a8 large as 
l/4-Inch &ameter. Tests were not conducted with holes larger than l/4-Inch diameter 
Increasmg the thickness of the stanless steel flrewall material from 0 015-Inch to 0 OZS-Inch 
permitted a” rncrease m ma~mum safe hole sxze, there was no advantage galned, however, 
when the tbckness was Increased from 0.025-mch to 0 040-Inch The flrewall specimens were 
heated qute rapldly by the flames, and lgnltio” of the combushble on the opposite side of the 
specmx” occurred I” a short tx”e from the heated metal alone 

JNTRODUC TION 

A ~erles of tests was conducted to study the seahng requirements of fIrewalls to 
prevent passage of flames The partmular condlhons chosen for the tests were probably the 
nmst severe which could east. namely, those with a fire burmng agamst one side of the fire- 
wall and a” evploswe mr&ure of gasoline and air on the opposite side Under those condltmns 
the riazamurn hole size which would “at allow flame passage was determmed 

TEST EQUIPMENT AND PROCEDURE 

An 8.5 cub,=-foot cyhndrlcal chamber having a” arrangement for attachmg lg-Inch 
dxm,eter firewall specunens at one end and a paper blowout panel at the other end was utllrzed 
for the tests Thzs test apparatus IS shown in Fig 1. Firewall specunens of vai-lous thick- 
“eases and with various slse holes I” the center were attached to the chamber A quantity of 
gasoline was vaporized by contact with a heated block InsIde the chamber The quantity of 
gas&m Introduced Into the chamber. when fully vapormed, formed an explosive mixture with 
the air I” the chamber The walls of the chamber were kept at a temperature of approximately 
180’ F. to prevent condensaho” of the gasoline vapor A 2000’ F flame from a hose testmg 
torch was d,rected onto the fIrewall specunen This torch consumed two gallons of kerosene 
per hour and the area of flame contact was elllptxal 1” shape with a mZ.J”r awls of 12 Inches 
and a “-anor axis of 6 Inches. Flame passage through the hale 1” the flrewall was evidenced by 
an explosm” I” the chamber In order to assure that lgnltm” of the explas,ve mixture was a 
result of flame passage through the hole III the fxrewall panel, and not a result of hot surface 
lgmhon from the heat conducted through the metal, panels of various thicknesses. but wlthout 
holes were attached to the chamber and were subjected to the test The tune required for the 
xnner surface of these panels to become suffxzently heated to Igx-mte the fuel-al= mxxture m the 

*Ma”uscrzpt subnutted for pubhcatmn May 1957. 
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Fig 1 Apparatus for Tests of Flame Penetratmn Through Holes 1” F,rewalls 

chamber was recorded Subsequently, when the panels w,th the dr,lled hales were tested It was 
assumed that ,f ,gnlt,o” of the fuel-a,= murture ,n the chamber d,d not occur I” less tu-“e than 
was. reqmred for hot surface IgnLtton to occur. then passage of the flame through the hole had 
not occurred Tests ,.,ere conducted under the followmg candltmns (1) with equal pressure on 
both sides of the fxrewall, (2) w,th a htgher pressure on the flame side of the flrewall. and (3) 
with a higher pressure on the s,de of the flrewall opposrte the flame 

F,g 2 E,Iect of Meter,.1 Th,ck”eas and Compartment Pressure D~llcrentral 
on Allow.ble S,ne of Holes I” F~rewalla 



Time Reqlured for Hot Surface Ignitmn by Heat Conducted 
Versus Thickness of ST/ST Metal m Flrewall 

Through Flrewall 

RESULTS 

The results of the tests conducted with equal pressure on both sides of the flrewall 
and with a higher pressure on the flame side of the flrewall are shown m Fig. 2. Tests con- 
ducted with a pressure of 4 uxhes of water on the side of the fIrewall opposite the flame. that 
18, with the chamber preBsurleed, produced no ,grut,on of the combust,ble mixture wlthln the 
chamber with holes as large ae l/4-mch drameter (0 049-square Inch) m the firewall The 
hme requxed for hot surface lgmton of the combustible 1n the chamber to occur after the 
torch wan placed agunst the panels vnthout holes, IS shown plotted agaznet panel thxkness m 
Wg. 3. Durmg the tests on the panels wltb holes too small to facllltate flame passage. hot 
eurface Igmtmn occurred after approxlmarely the fame permd of flame exposure as 
experienced with the panela without holes 

CONCLUSIONS 

1. The test resulta mdxate that only very small opemngs through a flrewall can be 
tolarated If flame lgmhon through firewalls 1s to be avolded. 

2. Increasing the thxkness of fire-wall material from 0 025-mch to 0 040~mch &d not 
increase the allowable hole slee 

3. A pressure dlfferentlal across the firewalls had an appreciable ~Pfluence on flame 
passage through holes m fxewalls. Kgher preC3sulc on the flame side of tbe firewall asslsted 
flame propagahon and lower pressure hrndered flame propagation. 

4. Restr,chon of the size of holes XP firewalls to a size that ~11 prevent flame passage 
has only a lirmted advantage. At best, lgnihon 1s delayed until it occurs from the heated fire- 
wall surface. Under the contihons of the tests. tbu delay v/as less than one nunute and was a 
flInchon of the firewall thickness. Prevention of Igmtion for an extended permd would requre 
the use of firewall materxals of low thermal conductivity 
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