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Experiments are desoribed in which f'low patterns are studied in a

. . vented oompartlJlent h~ted il~ -tlui,t - the bulk flow is two dimensional in a ~
vertioa,J.. Jkae. . The most iDiportant· f'actors .in ef'f'ioient venting are the !
sizes ot the. vent and of' 'thE! inlet; the positions of' .the vent in the

. roof' and of the firs Within ithe model are only of minor importance.

. . In this type of' f'low the size of' the vent neoessaXy to prevent a:ny
spillover is. independent of ithe f'loor area.
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ROOF VENTING OF :BUBNDiG ·mJLOsmES
i '
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PART I. PRELIM·mARY, EXPERIMENTS USING SMOKE TRACER

, .! by

D. L. Simms, p. !L. Hinkley and-Alison M. Bisset

1. Iutrodtmtion

The :two'main funCtions Jf' roof' vents are to enable firemen to enter a
building by" ~sti~ ~moke lana. hot gases"and;' t'o"'red:uce 'the iateral spi:oead of
fire partioala.rly when used~ conj~ionwith fire curta.i.ns. Their
effectiveness depends" on many factors, for eJtBmPle, their. size, shape and
position,' the depth and" position of' the fire curtains and the length of the
eno1~. A" comprehenS~ve ~e~tigation, of all the' possi~e factors would
require a prohibitive ~xpepditure.of time and: effort. The. experiments of this
report were und~rtaJfen t9 find the more important" factors by a qualitative
investigation C?f the flow patterns in a heated compartment. The flow patt~rns

~re made viSi~le ~ saoke , i ...
The flow patterns in t~ model will be essent:ia11y similar to those in the

prototype p:i-ovided that the flow in the model is turbulent. ':.
~; : I '

2. Construotien of the model
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(s~ar Window ~posite)
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A box, 3 ft x 1i :f't x 1t ft Was constructed from t· in. thick asbestos wood.
The two'-long sides of, the .box oorrbadned windOWS 2:rt x 1~ ft of glass shielded
with perspex.' The aree, and positi.on of the vent -could be yaried bY moving
asbestos covers over the top ;Of the box. A few experiments were oa.rr:i.ed out with
the box extended' to twice the length .using aluminium foil panels.
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Figure 1. - Model

'The window on one side waS coVered by a diffusing screen marked with horizontal
diVisions, strongly UluminatM from the rear.
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3. Test ptoce<'b.1re·and results

Conditions in thecompartmen"\: 'mn"e~allawedto reach equilibrium: Two
smoke cartridges were placed op-'the f'loor of the box so that the jets of smoke
passed through the heater. The !openings were oovered until the box was filled
with smoke, the oovers were remetred and.~he resulting flow patterns observed.

,
The results are given"in tl7ble 1 and. figure 2.

Table 1. Experiments carried out and. results

,

position Height , Width Approximate ' .

I Length of of Position \ of' height of Smoke Type of
~ (ft.) heater Inlet of " Vent layer of . issuing " smoke .

(in.) Vent (in.) clear air 'from pattern
, .. -, (in.) inlet i (fig. 2).. ..

Centre. No inlet,'t"" No ,va¢; ... None - A

to 4t
,

• Cemre 1 No ivem Not measured Top of inlet B -" .
,

.~

Far end: 3 No ;vem ' 1 Top of inlet

j
ZJ " Gt· I" 3 " . C

7 I" 4 II
.. ~. l

8 " 5 ".. I .. .
.'.~ s

Far end 2f Far end 3
. I :0,.1 None .. ,',

"

i
" 2 5 " D

II II 1 3 " D

" ," 2 6 " D
II Centre 1 3 " ,:8
" " 2 .4t, " E. "

~
.

" II 1 Jt Very slight E
II 4,t., II

2", Nope ]J
3 ..

Centre ~and4t
.. I

Far end I 1 and 2 Not measured None F
" - 2 1

Centre'
~ 1 and 2 " " None G

II 41 .. " I 1 II II top 1" ,GI .. . ,
,II

t1 II I 2 II 'II top J.II G
n II top }, -Near end; 1 II H
II 4l. :11 , 2, II II None: H

~
.... ,.

", .. "" ,- , . ,
" '" "

~~d No inlet I
2 None.... Two verrba - K

one at
,

" eao 1

• .. ., end.' I
I. , .-

[Far end 5 ~ ~iiil: ; 0';9 . Not.~~d. JUS1i':mi~ C.. . issu:1iig.. II Near end' 0 9 , "

." .. War· end 9 Far .end 2~8 Not measured Just not ..
Near end 2.9 is C

[Fareild 5 Far end 1.1 Not measured Just not C
6 Near end 1'2 is~··~~

Far end. 9 Far end 3.5 Not measured Just not, ., CNear end! 3.2 .issuiDg .

-2-



4. Ex;perimental observations

-4.1. No openings
.. - I __

When there were noope_ningslin~·m~c1eJ:·the~h:ig}r'Wmperature--smOkerose
vertically and became turbulent at about '3" of the height of the model (Fig. 2A.).
The hot smoke spread beneath thel ceiling_ and: then slowly circulated in the main
volume of the box; , -

Inlet and'vent4.3.

I " ,
4.2. Inlet ~rily I "
When the inl~t was 'opened (;Fig. 2 B'~O) a layer-of clear air fi~d along

the floor towards;the heater and smoke '_'spill.ed" under the top edge. <ry'er the
greater part of 'its path the l1e~ht-ofth~ J.a;y-er"ofclear air was abou~; hsJ.f
the height of the~inlet. There F only fllightmjxjng w:j.th the'i!moke layer.at
the horizontal boundary between ,the two stre~. ,__<,'

i
I

' .~ .,
I

When a vent was opened, the,'height ofthe-olea;--laj7lfrincreased (Fig. lID)
toi a level which ~pended_onth~_ size of-'the vent and- on the height of the inlet.
The:position qf the vent had o~ a minor effect (Pi:g~. ~.,a),. A st~1UD of hot
smoke- from the heater flowed beneafh the oeiling, tOVlll:1'Wl-' the vent. - The remainder
0'1' the model waS filled with a Slilvrly cireu1atmg volume of snoke less'dense than
that in the main ~tream.'A "spinage" of-smoke under the top edge of the inlet
wa:Mll6st'likeli'~0Occur when, thehea.ter was in the' oentre of '/the madel~ (FiS. 2
F & H). Although the new flow pattern was quickly established on opening the vent
sometime elapSed before Smoke oJ.eared from the relatively stagnant areas.
ClejU'llJlOe from these'.a.reas is bY' turbulent mixing rather than by plug flow in the
main floW paths; ,

I
4-.4-. Two vents; no inlet i

When the~ ~re t;vc; openings in the- roor and none in the waJ.ls th~': smoke was
vented through thfl 'opening n,e~r t~e heater and cold air entered thrpUgh. the
6ther,(Fig. 2K). ,This air soon Imixed with the oirculating smoke in the box and
there was no'definite cJ.ear voJ.nme near- the-'floor.-

I

5. DisCUssion and conclusions I-

Adequate openings at ground- J.evel are'essent:i.al: if vents are to clear smoke.
There should then be "lanes"--of':clear air ~which firemen can advance on the
fire at a height oontrolled by the height of -the inlet 'as well as the size of the

vent. ~,', ' " -!" _" ':' '/ :~:.~~.
The, position of the vent appeared to be of minor importance because of the

almost comPlete absence, of mixi.Dg between the hot and cold zones. DoiIbl:lng the
J.ength of the modeJ. only resuJ.ted in a'slight increase in the area of the vent
required-to prevent spillover. IThis W\Ls probably due"to the s1ight increase in
mi:x:ing between the hot and the ci>J:d' zones with lengt~. '

The existence of a relati~ stagnant area b~1lindthe heater when the 'heater
was in the, centre of the model ima. inlet was in front of the heater (Fig.2G)·implies
that the same resuJ.t would be obt~dwith a shortened modeJ. having the heater at
the rear~' 'PartlY because of this and partly because' of the reJ.a.tive uniinpoi-t~
of the position of the vent the Iposition of the heater is on1y 91' minor importance.,

In this madeJ.with two dimimsionaJ. flow and the J.ow heat losses, the oritical
vent area is not, a function of ~he f'ioor area but this'may not be true when the flow
is radisJ. or the lengt1Vheight ratio is ~er.

I •
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FIG. 2 FLOW PATTERNS




