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" vented oomparl:ment hep.ted so tha.t the 'bulk flow is two dimensional in a
vertical Plame. :The most important faotors in efficient venting are the
~ sizes of the vent and of 'I:he inlet; the positions of the vent in the
- roof and of the fn.re within ‘the model are only of  minor 1mportame.

In this type of flow the size of 'I:he vent necessa.:y to prevent a.ny
spiJ_'I.over is independent Ofl he floor a.rea..
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ROOF VENTTNG OF BURNING ENCLOSURES
PART I, PRELIMIill‘IAR![ EXPERIMENTS USING SMOKE TRACER
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1. Introduction

The two main functions c|>f roof vents are to enable firemen to enter a
building by exhausting smoke |and hot. gases and to-reduce the lateral spread of
fire particolarly when used 1n conjunction with fire curtains, Their
‘effectiveness depends on ma.ny factors, for example, their size, shape and
position, the depth and- p051t10n of the fire curtainsg and the length of the
enclosure. A comprehensive mest:.gat:.on of all the possible factors would
require a prohibitive expenditure of time and effort, The experiments of this
report were undertaken to find the more important factors by a qualitative
investigation of the flow patterns in a heated compartment, The flow patterns
were made visible by smoke, | :

The flow pa.tterns in the model will be essentially similar to those in the
prototype provzded that the flow in the model is turbulent

2. Constructien of the model

Abax, 3 £t x 1% ft x 1% £t was constructed from % in, thick asbestos wood,
The two-long sides of. the box contained windows 2 ft x 1% £t of glass shielded
with perspex, The area and pOSltlon of the vent could be varied by moving
asbestos covers over the top |of the box. A few experiments were carried out with
the box extended to twice the length using aluminium foil pansels,
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Adjustable Asbestos Covers

Vent

Adjustable Asbestos Shgtter' v

~Glass Window
(Similar window opposite)

Figure 1 - Mod.el

‘The w:.nd.ow on one side was covemd by a d:.ffus:r.ng screen marked with horizontal
divisions, strongly illuminated from the rear.



3.

Test pcmoe&ure -and :esults

Conditions in the compartment wereallowed to reach equ.:l_'l.:z.bmum.

Two

snoke cartridges were placed on'the ﬂoor of the box so that the jets of smoke -

passed through the heater,

The lopenings were covered until the box was filled

with smoke, the covers were J:em_c!rved and the resulting flow patterns observed.

The results are given in t&ble. 1 and figure 2,

Table 1. Experiments . carried out and results
. Position | Height .| Width |Approximate | - . .l ..
/1 Length | of of Position |» of | height of | Smoke Type of |
M (£t,) | Heater Inlet | - of - | Vent | layer of - | issuing” smoks -
(in.) Vent (in,) | clear air from pattern
] e - (in,) inlet (f:.g 2)
) Centre. |No inlet. ®™j . No wvent None - e
- Centre |1 to 4t ‘ No :vent Not measured |Top ‘of inlet B .
_ Par end 3 No ivent - 1 |Top of inlet|)
g f 6%, - !n 3 1] .
7 In L " ?
8 |" 5 n -
|Faxr end 2k Far end|. | 1 3 None . ol
o 23_ n 2 5 n hh)
n ? R 1 3 n D
" o 2 6 " D
" : Centre 1 3 " B
. n 2_?_ N " 2 1‘_1 n ) E
" l{-?" " 1 z-i Very slight E
3 " bz 1. " 2. bz |None E
Centre |2% amd lp% F&“ergd 1 and 2 |Not measured |None F
" 2%[- Centre 1 end 2 " None G
; I a1y " ltop 14" .G
N h.% i u | ' 2 n v |top J?_n G
" l;.? Near end " " " top " " H
x " bz o 2 | " None H
A ——— T —— . s -
-“'i [Fer end |No inlet |Two vents | 2 None - K
T ' ones at each
u_‘i end - S '
| Far end 5 Far énd ; | 0.9 |Not measured|Tust not C
"~ . n - . ‘ issuing '
Near end 0,9
- [Far-end 9 Far end 2.8 |Not measured|Just not -
Near end 2.9 issuing C
Far end 5° |Paremd | 1.4 peasumed|Tust not
6 Near end 1,2 Not - issuing ¢
Far end . | .. 9 Far end - | 3.5 Just not




4, Experimental observations

4.1, No s

When there were no- open:r.'ngsi in-the mod:el ~the~high- -temperature-smoke rose
vertically and became turbulent at about § of the height of the model (Fig. 24),
The hot smoke spread 'benea:th thel ce:l.l:.ng and- then slowly circulated in the main
volume ‘of the box,

| _ 3

4,2, Inlet ox_uyr | v

When the inlet was opened (Pig, 2B &G) & layer-of clear air ﬂowed along
the floor towards:the heater a.nd smoke "spﬂled“ under the top edge. Over the
greater part of :.ts path the he:.ght‘ of 'the layer-of clear air was a.'bout half
the height of the inlet. There was only slight ‘mixing w::.th the - smoke 1a,yer at
the horizonmtal boundary between. the two streg.ms. o R

| A
| _ o A
‘When a vent was opened, the he:.ght of - the ocleay-layer increased (Pig. 2D)
- tora level which depended on the size of the vent and on the height of the inlet,
The .position of the vent had orﬂy a minor effect (Pigs. 2D-H) A strea.m of hot
smohe from the heater flowed bereath the ceiling towards-the vent. - The remainder
of the model was :E':Llled w:.'t:h a slowly c:.rculat:.ng volume of smoke less dense than
that in the main strean, spi.'llage of -smoke under the top edge of the inlet
was-most’ Tikely" to occur when the heater was in the centre of ‘the model} (F:L.g 2
F & H). Although the new flow pattern was quickly established on opening the vent
some time elapsed before smoke cleared from the relatively stagnant areas.
Clearance from these.areas is by, turbulent mixing rather than by plu,g flow in the
main flow paths, |.

4.3. Inlet and vent

4.4, '.Thvovent:s_., no inlet

|'.
When there were ‘bwo openings in the- roof and none in the walls the smoke was
vented through the open:r.ng nearer the heater and cold air entered through the
other: (E‘ig 2K), ' This air soon|mixed with' the circulating smoke.in the box a.nd
there was no- d.efzmte clear voltl:une near- thae -floor,. '

5y Dlscuss:x.on and conclusions .

; Adequate openings at grdun&-‘-level are-essential if vents are to clear =mmoke,

There should then be "lanes™ -of“clear air through which firemen can advence on the
fire at a he:.ght controlled by the height of the inlet ‘as well as the s:.ze of the
vent, o |
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The. pos:.ta.on of the vert a.ppea.ved to be of minor importance because of the
almost complete absence, of m::.x::.ng between the hot and cold zones, Doubling the
length of the model only resulted in a slight increase in the area of the vent
required -to. prevent spillover,  This was probably due to the slight :anrease in
nixing between the hot and the cold:zones with length

The existence of a’ rela.t:.vlely stagnant area behind the hea.ter when the heater
was in the centre of the model and inlet was in front of the heater (Fig.2G)-implies
that the same result would be o'bta.:i.hed with a shortened model having the heater at
the rear, Partly because of th:.s and. partly because of the relative un:t.mportazme
of the position of the vent the| pos:l.‘t:.on of the heater is only of minor importance,

In this model with two d:.mens:.onal flow and the low heat losses, the oritical
vent area is not'a function of the floor area but this may not be true when the flow
is radial or the length/height ratio is larger
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—-—-—— Approximate boundary between incoming clear /////// . Areas of slow' circulaticn ‘only. Smoke cleared
air and recirculated smoky air . 7 only slowly after .cartridge was exhausted
General direction of air flow !
. . 000 Heater
“““““ Less well defined flow

FIG. 2 ~ FLCW PATTERNS





