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Summary

Investigations using a 1/12 scale model representing one bay of a
factory have shown that, where the area of the fire is small and its heat
output is known, use can be made of Bernoulli's theorem and the theory of
turbulent plumes to calculate the rates of discharge of heat and air through
a vent and beneath a curtain extending from the ceiling, the temperatures
near the ceiling and the depth of the layer of hot air, Formulae are given:
for the effect on these quantities of varying the size of the vent and the
depth of the curtain, Some of the effects of the shape and position of
the vents are also discussed,
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Notation and units used in this series

Dimensions Conversion
factor used
Symbol Meaning F.P.S, units
F.P.S. units C.G.S. units to
C.G.S. units
AT Effective area of fire: ftg cmg 929
Ai Area of inlet ft2 em, 929
Av Aresa of vent £t cm 929
Gd Coefficient of ‘e
discharge through the - - -
. vent
¢! a | Coefficient of dis- B
charge beneath the - - -
curtain
C_ | Specific heat at B.7.0 b7 °F7 | cal gn~ ! O~ 1
pec & sn
P constant pressure
a Depth of layer of
hot air 't cm 30.5
dc Depth of layer of
hot air beneath 't cm 30.5
. curtain 2 2 _
g Acceleration due to ft/s cn/s 30.5
gravity
h Height of opening £t cm 30.5
H Height of model ft cm 30.5
He ' | Depth of curtain 't cm 30.5
B | H+ 1.5 [’Z% £t " om 30.5
(effective “height
of model) 1t ol ¢ L TAs Zigoi
K Thermal conductivity B.T.U.8"" £t~ °F" | €al & cm '°C 15
L Characteristic £t om 30.5
height dimension . .
1 Path length of air ft cm 3045
in model '
M Mass flow rate 1b/s /s 454
Q Rate of flow of heat B.T.U/s cal/s 252
Qf Heat output of fire B.T.U/s cal/s 252
T Absolute temperature °r % 0.555
T, " ambient " R % 0.555
t Time - 8 -
v Volume flow rate £t3/8 cmd/s 2.8, x 10
v Velocity of gas at ft/s en/s 30.5
any given peoint in
"prototype and model —
W Width of inlet - £t cm 30,5
¥y Distance measured . £t cm 30,5
vertically from o
floor
] Temperature above %p % 0,555
ambient at any given _
point in prototype
and model 3
4 Density 1bv/ft gm/cm5 0,0160
Subscripts
H = Near the ceiling
¢ = Level with the bottom of the curtain
o = Ambient condition
8 = Dischargs under the edge of the curtain
v = Discharge through the vent
Yy = At a distance, y, above the floor
b = At the base of the hot layer
i = Inlet
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1. Introduotion

A previous note( 1) described the conatruction of ‘a- /12 scale model of -
a bay of a factory for use in studying the effect of venting burning
enclosures, The preasent paper describes the experiments that have been
made with this model to examine the influence of the “size, shape and posi-
tion of the vent, the depth of any auxiliary curtains and the  shape and
area of the heet source on the temperature distribution in:the model and
the heat flow through it.  The results are shown to agree with calcula-
tions based on a slmplifzed theoretical approach to the ventxng of fisesh
derived from Bernoulli's theorem and the theory of turbulent plumes

The applicatzon of the theory-to larger and differently shaped enclo~
sures, larger fires and the design of venting aystems w111 be discussed in
later papers. N - :

2, Engrimentel method and results

2.1, Apparatus and procedure

The model is shown in fig. 1, Essentially it is an asbestos
box insulated on the outside with exfoliated vermiculite and lined
on the inside with aluminium feoil., Heat was supplied by various
types of gas burner (fig. 2) the gas input being regulated to fige
a gross heat output of 2,37 B.T.U/s. The earlier experiments\)),
showed that there were two time constants governing the equilibrium
temperature rise; a short one associated with the alr flow and a -
long one of less importance associated with the walls, In each
experiment the walls were allowed to reach equilibrium, Measurements
were then made of the air temperatures at various points inside the
model and of the distribution of air velocity and temperature along
the vertical centre line of the inlet, The temperatures were g
measured using 44 S.W.G. chromel-alumel thermocouples distributed as -
shown in fig., 1A except for a few of the early experiments where they
were ghown in fig. 1B, Air velocities were measured with a radia-
tion compensated Simmonds anemometer Since the horizental dis-
tributions of air velocity and temperature across the inlet were uni-
. form except for some reduction in velocity within 2 in, of either
side(3 § the air input to the model and the output of air and heat
under the curtain could be obtained from the velocity and tempersture
distribution along the vertical centre of the inlet.

2,2, Experiments and results e
Two series of experinents were carried out-"innﬁﬁe first the

shapes of burner and vent were varied; in the second the size and -~
position of the eurtaan -and the gize of the vent were varied.

2.2, 1. Shape of burner and vent

Three types of burner and three shapes of -vent wére used in
. these experiments. The burners (linear, circilar and double
line) are shown in figs. 2A, 2B and 2C respectively. , The vents
were rectangular having different proportions but the same area
of 24 in®, Details of these experiments are given in Table 1,
which also gives the air temperature near the ceiling and the

rates of air input and discharge under the edge of the curtain,

which were obtained from velocity measurements, as explained
above,



------

- TABLE 1

R

' fExggggments on eff

\"
'

(Firat series

eot of shape of vent and

Vent
dimensiona
. in, x in,

Vent
position

H: over

heater

I: ‘near -
_inlet

\Heater '

" ‘Gurtain

depth

' ®Rate of
air input -
ft5/a

®Rate of . .

discharge
of air

under edge' '

of curtain
£t3/s

;‘lleasured _ |

. temperature
" near celiling
ofF

0,05
0,10

288
270

0.10
0.15

243

" Cireular

A

0.39
0.43"

0.13
0,16

288
275

SEmem ]

" Double line
moe

.".'n -.' ) ‘.u

0.38
0.38 .

0.59 =

0.05
0.05
0.32

224
220
464

.. LRI "8 04 6l 0.35 . 0,29 ° _ 162
. _’.- . . ..-- . . R oo N ‘ \ ‘.‘l.
“Obtained from measurements of air velocities.? ' e 4 ‘

**Volume measured at ambient temperature,

A Thermocouples arranged as in fig., 1B. .

J‘Themocouples arranged as in fig. 14,




202¢2¢ Sige and of vent depth

The fantors varied in this second seriea of experiments ware
the position of the vent, the vent area and the depth of the curtain,
Throughout, the vent was approximstely square-and the clroular
heater was useds A aunma.ry of results is @.ven in Table 2, (pa.ga k.).

E Disoussion of regulls
Sele Bffech of m& tion of vept

The rate of discharge of hot air through the vent (Table 2) was =  °
generally greater when the vent -was over the heater than -when it-was near
the inlet, although the difference was only important with the 1 ins ocur—':
tains, In that case it can be explained by the hot gas having a veloui'tw
sufficient to cause a tendency to overshoot the vent when this was near ;
the inlet (fige 3) and to pess under the ourtain, This resulted in a T
correspondingly high rate of disuhe.rge under the mu:'l:aiD. SR

The position of the vent had no significant effect on’ tha temperature
near the ceiling, R S

3.2. b on of ye b

In all the above experiments the rates of air flow-were calculated =
from velocity measurements; a typlical distribution of velooity beneath
““the curtain is shown in figs 4e The velocity near the floor of the..
mpdel was 0.5 ft/s with the Iinear and ciroular burners and 0.65 ft/s with
the double line burmers ‘

Examdnation of the air flow pattam in the inlet using & ameke tracer
showed that in those experimemts where there was a high rate. of dlscharge
of hot air beneath the owrtain s vortex existed between the inflowing and
‘outflowing air streams (fig. 5)¢ This sometimes led to an overestimate
of the rete of flow of air inte the model as the nomdirectlonal anememeter
measured the speed of the air in the vortex instesd of the mean horizontal
velocity.

Ze3e of e e

The acouraay of the experimental measurements of air flow and tempera~
ture may be estimated by comparing velues of the heat passing through the
vent caloulated in two different waysas

(a) From the net heat input to the model (Q;) less the heat dis-
charged under the edge of the ourtain {Q )¢ Q iz obtained.
from measurenents. of air temperature andBVelooiﬁy beneath the

ocurtain,
Q( Qi - Q ot.bo-..uoo(")
{b) From the temperature and the mass of gas van‘bed, obtained by
subtracting the rate of discharge of air under the cur'ta.:l.n fram
the rate of input of air (Tables 1 and 2)e -

V = eﬂ GP (H - M ) : --...:.....(2?

In fige 6, Q*_ is compared with The scatter is rather large,
extending from abo&t =25 per cent to + 50 per oente

The rate of flow of heat through the vent could not be obtai.neﬂ. from
the temperature and velocity of the air flow through the vent because the
anemometer calibration was uncertain at the high air temperature existing
there. However, the above comp n shows that the vent heat flow can
be obtained from measurements of air velooity and temperature beneath the
curtein without systematic error eocoept that some very high values of Q'
were obtaineds These are attributed to the diffioultdes in measuring t¥e
air input due to the vortex described in the previcus sectlon. Because
the first method involves fewer measured quantities in the air streams, it
has been assumed that it is more reliable than the second method,



_ depth
. 4n,

- Vent position . |

H:oyer heater
I:near inlet

-

| eBgte of .-

~ 'ddscharge -
of air

. -under curtain

R 7L

. £
Temporeture
' ‘pear

© oeiling

P - -

-

‘ , difference
_ ' o £t5/s R
16 - 0,29 - 0,01 0.28
| > 0.26 0.03 0.23 354
12 24 ' 0.36 0 0.36 (- 286

- 0,01
0.05

283
245

H
‘I
H
1
H
I )
16 H 0.41 0.15 0,26 299
. I 0.42 0,22 0.20- 308
8 2 - K 0.49 0.13 0.36 279
. ’ I 0.42 0,05 0.37 262
' 40 H 046 .~ 0,03 0.43 . 232
o I 0.48 0.07 041 -2
S 16 H 0.85 0.51 0.5% 183 -
. _ . I 0.93 0.74 0.19 . 180
I 0.80 0.55 0.25 o 176
*Obtained from measurements of air velooity. ;
. Aolume measured at ambient temperature, _
" [ .\



b

3.),.., Distribution of gsmw in g model

. LA typ:.oal vertical temperat.‘lre distribution as ‘reécorded by thermooouples
=12 (fig. 1b) is shown in fig. 7. There is & layer of hot air'beneath the
ceiling, a layer of cool air near the floor-and a central layer “where the hot

~and cold layers are mixing., The variation in te.mpe:mture over any horizontal

plane in the medel was found to be small oompared with the vertical variation ir

.. temperature.

" 3.5. Effect of % -position of vept

. . Both tbe-shspe~and position of the vent had only a alighx effect on the
temperature within the enclosure and the heat-vented from it; 'there tended to
be slightly more discharge beneath the curtain-when the vent was near(ito
These results are very similar to those obtained in other exparimenta ).

Calculations of air flow -and temperature _ »
The foregoing experiments have determined the heat-and air flow through the

vent and under the curtain and the temperatures near the roof for various configura-
tions of vent and curtain in a small scale model.s In this section a simple theory
is developed which enables these quantities to be prediocted, in certein cases, from
the dimensions and geometry of the model and the size of the fire, and it is shown
that the experimental results are consistent with this theory. .

k.1. Coefficients of d;_ggégg_

In the following argument the pressure drop due to the loss of veloclity
head of the inlet flow beneath the ocurtain is neglected. This is Jjustified
since the layer of hot air beneath the geilling was at least 4 in. thick and
its temperature was of the order of 180 F while the pressure drop across the
inlet was equivalent to a head of only about 0.2 in, of alr at this temperature,

The rates of discharge of hot gas through the vent and under the curtain

. may be calculated from the vertical distribution of temperature in the model

by using Bernoulli's Theorem (Appendix I). It is, however, found that the
actual discharge measured experimentally is less than the theoretical by a
factor wh% ? is known as the coefficient of discharge. This is usually
06 = 0.7 but may vary with the size and shape of the orifice and the
velocity and orientation of the flowo

Lo2s Determination of coefflciegt of dlschargg througg the vont

It is shown,in the appendix that

ogo;ooooc.a (3)

['ITﬁe integral/qIGVT may be evaluated graphicaliy by piotting 9/T

- against y» This was done for several different configurations of vent and

curtain (fig. 8), and by 1nspect:l.on of the graphs, it was found that to a first
approximation

1 e T
TH ] ' /T dy = ng o " . cooocosesn (l{-)
where d was measured to the po;nt of infleation of the temperature distribution

curve, i,e¢. the shaded area in fig. 8 is approximately equal in area to the
rectangle. Hence equation (3) simplifies to ‘

coecosscos (5)




V._/r, as oaloulated from equation (5). is plotted againat the measured’
riteFof discharge of gas through the vent (fig. 9) (Obtained from the
) subtraction of the measured mass spilled under the curtain from the
. measured mass input (Table 2)).  The results for those experiments
where the discrepancy between Q¥ -and Q' ‘exceeded 25 per cent are
omitted, Lines corresponding to coeffxoients of discharge of 0,6 and’
0.7 have been drawn on this graph. ' Although there is a large scatter,
the experimental results are consistent with the assumption that the.
coefficient of discharge is about 0,6 and this value is assumed in all
subsequent caloulations.  In applying the theory to full scale
buildings and to vents differing greatly in shape friom any disousaed _
in this note, other values for the discharge ooefficient may be reqnirad. '

Le3. Determination of coefficient of dischar under the curtain ‘

If the velocity head of the gas in the upper part. of the enclosure
may be neglected the curtain behaves as an inverted weir (Appendix)

/ ﬁ/ dy} d; (6).

This equation was evaluated graphically for a fow ocases from-the - .
experimental temperature distributions and it was ‘found that a similar
approximation to that given in the previous sestion could be used, if
the bottom of the hot layer extended at least about 2 in, below the
.bottom of the ourtain. Then as & first approximation equation (6)
reduces to T

V=2, . 3/21259

Cgﬁ 3' O“V '7ﬁ;”7 ot 'T-:@!i;{ii§i? (N
Vﬁ/c' was plotted against the measured volume diaoharged over the edge
of th¥ curtain (Pigs 10). = Again there is a large scatter, but there
is no systematio variation about a line corresponding to a value of 0.6
for the discharge coefficient, though two results in particular are of
doubtful value,

heke Rate of entrainment of air

The air flow through the vent and under the curtain may be cale
culated from equations (5) and (7) respectively provided that 8g and 4
are known, - These latter quantities may be ‘calculated by congidering
the rate at whioh the hot air layer is replenished by the rising plume
of hot gas and entrained air from the burners (fig. 11). The effect
of the rate of input of coal gas in these experimente (0,0175 ft3/e) may
be neglected, in comparison with the much' greater rate of flow of air
into the hot 1ayer. .

: The mess of air (M) entrained in a distance (H' - d) by hot gases
:rising(fiom a. point source of heat may be obtained from a formula given

by'Yih which in our notation may be written
i = 0.153 P | Qe & ) ¥ (i _&)?/3 T eeedeeee. (8)
' l?H pTo | |

Since the fire is not a point source a correction nay be introduoed (7)
based on the angle of aspread of the plume a8 euggested by Ge L. Tayior

g =H+.1_.5f-; - S esserenens 9)

The evaluation of A,, the effective area of the fire;‘ie‘&isoussed.in
the following seotiSn. ' : :



' 4.5. sloulation of temperature banaagg the oéilég‘
The temperature beneath the ceiling can be caloulated by substituting

in equatién.(&)l‘

( OH = . °5 Qf K " ssesusocese (11) ‘

+ T A
b ('?o Cp)¥ (&:70)% (' -d);'
Since the effective area of the fire in these experiments was not oertain,
values of @, calculated from equation. (11) were plotted against d for &
number of ‘arbitrary values of H' and compared with the expsrimental points
.plotted in the same graph (fig. 12). ~ The most satisfactory agreement

. .between theory and experiment wes found ir H' was takan to be 25 in,, which
gives Ap = 21 in? from equation {9).

As the values of both ev and QH obtained using the oiroular burner 4id
not differ significantly from those obtained using the linear burner with
.the same vent and curtain, it follows»that the linear burner had approzinately
the same eff'ective area as the oiroular one. :

The values of d and OH obtained ezperimentally using the double line
burner were put into equation (11) and it was found that this burner had an
effeotive area of 100 inzg o . .

k6o Calculation of aep_th of layer of' hot Eaa
The depth of the layer of hot ga8 bensath the ceiling is obtained by
equating the mass of hot air entering the layer to that diaoharged thruugh
the vent and under the curtain (fis. 11)e
| When there is no discharge under the curtain _
' . n n .‘" " 0 60808408000 (12)
From equation (5) ' -

.u‘.’ = cd. ' . éolo'toc..oou'a (13) o

and ron equations (8), (10), (12)"@5&1:03)

s

- s gtoan®
cd Av d% =‘0'0’+§ (H -d')z - ' . ‘ .- f'.-'_ sessscacas (1‘*)\

rThe relevant oxperimental results are oompaxed with equation (14) in fig, 13..'
Equation (14) will not apply if dj> Hy since the rate.of disoharge of hot -
air beneath the eurtain.nust then be taknn into hocounta

| M= u, + ' T adeesenee (15)
. B = 3 d eﬁ Wd°2 28 OH ' , - L. .ogof‘-i‘;?o (16)




and from oquafions (8),'(10),-(13), (1552and'(16) g'

2.

t,2 2
Gd A# ac<e 3 Y

d w {d -..Ho)%'= 00014-3 (Ht“d) " ._oopo-oobooo (17)

Tho rolevant experimental roaults are compared with equation (1?) when |

and with equation (14) when 4 {H_in fig, 14, The agreement
betw&m theory and practice is very sa%iafaotory in view of the
approximationsmado.

If there is no vent open and a1l the heat is discharged bonoath
the ourtain equation (17) reduces to '

O 5 R
o3 # (- H)? = 0,065 (H"=a) 2T eeeserens (18)

B 4.7..ﬁa§es of disoﬁargg of air
| AeTe1e Througg vent -~ no BE 11 undor tg;jg;g

: The theoretical rate of disoharge through ‘the vont whon
w.ovthere is no spill under the curtain is obtained by putiing the
= valued of d and @R obtained from equations (14) and (11) in équasic
tion. (5), - The variation in rate of discharge with vent area
-oaloulated in this way and. corrected for discharge ooeffioient
. is oompared with the experimental pointa in figo 15.

407.20 lO e.in = NO Vﬂnt

.The thooretioal rate of disoharge under the. ourta;n whon
.there is no vent is obtained by putting the valuos of -d and Oy
obtained from equations (18) and (11) in equation (7). The
variation in rate of discharge with curtain depth calculated in
this way and correoted for discharge coefficient is compared with
the experimental points in fig.-16, In both figs 15 and 16 the
agreement 1s satisfactory. _

LeB. Rate of discharge of heat through the vani

The theoretical rate of discharge of heat through the vent is .
. obtainsd by putting the values of d and O obtained from equetions 21?) S
and (11) in the equation (19) below which is derived from equation 5)

_-c b O 7y ©, /m S et (i)

The variation in the theoretioal value of heat dloohargod with vent
area is compared with the experimental points for two ourtain depths
in fig, 17, Again, the agreement between theory and practice is
satisfactory, _—_ - o )

h-.9. §M of’ SBQEO.B &

It has been shown in Seotion 4 that it is possible to caloulate a
. number of gquantities associsted with the heat and mass flow in the
wodel and, although there is in some cases & wide scatter in thé’ data,
the fact that no significant systematic difference betwsen observed and
neasured quantities has been found shows that the methods of caloula-
ting these quantities, based only on the heat and mass balance using
elementary buoyanoy considerationsand plume theory, are satisfactory.



) 5; Applicatione of theory

A theory was developed. in the preV1oua sectlon .and 1t was found by experi-
ment to apply to a particular model, This section shows that the theory may be
expected to apply to larger scales of the same model and in some _cases, to other
.ehapes of model. .

‘ There is nothing in the foregoing theory that reetrlots 1t to any particular
scale, provided that the scale is large encugh for the flow to be turbulent and
that external wind conditiona do not influence the flow, There is a restriction
on the shape of the enclosure because the -experiments have been carried out with
a flow which is essentially two-dimensional, i.e, the gases flow along the model
or in a vertical direotion, but there.is no radlal flow. )

Thie is because the assumptlon was made in the theory that the temperature
is a function of the height above the floor but is otherwise. independent of
position; i.e. no lelnf gccure between the hot and cold layers. -Work on two-
dimensional flow systems has shown that little mixing would be expected to
oocur even when each of the layers is turbulent unless the relative velocity is
quite high Coneideration will be given ‘to the problem of radial flow in future
work, . - - . . :

5 1. ‘Scaling

_ ‘For geometrically similar enclosures of linear dimension L, the velocity
of the exit hot gases due to tha buoyancy of the hot 1ayer is of the form

T e )
) and’ t_i’.le heat ' 'bala.nce is 'Zof;f:“tAhe‘ form_‘-f‘ a
e """'"-.(2‘.’

Examples of equationa similar to equation (20) are (1) - (6) and similar to
(21) is (19). Other equations can readily be shown to be combinations of
these two types. ' AR

From equations (20) and (21)..
x &

2
. . L3 -
Equation (11) is of this type =

| .;,..,.... (ge)A

e

x'(x% o L deeocsessen (23)
S : IR -

Equation (8) is of this type (sinee My L2)
These fe}atlone have been oonfirmed for the’ present model using different heat

inputs(3 they can be used to extend the range of equatlone {8) - (18) when
the linear scales are varied. ‘

*These soaling laws are derived for an enolosure in which the exit .is the major
resistance to flow. For more general systems the relations between L, v, © and
Q are the same but their dependance on T will be different and usually less.

To avoid this complication it is desirable to keep the - temperatures in a model the
same a8 in the prototype which is being modelled. _ L e

s
v

Ty

B LT M
R A RN )
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" leoted in oomparison with 352 the layer of hot
‘inoreased in thickness and" v he

.reported elsewhere with a large cosl gas fire in & model{5

 5.2. Floor gggg -

Equations (1-13) do not contain the term "floor area“, 80 that nomi-~
nally they mey be applied to buildings of any size, However, as the
floor area inoreases, mixing of the hot and cold layers inoreases and
vents may be B ightly less effective as their distance from the fire.

'inoroaaes( s 5)s A pimilar effect must be expeoted if heat losses by

conduction and radiation through the walls and ceilings are of . relativaly
gréater importance than in this model, In general, on large buildings
one need only consider the ceiling, This problem has yat to be
inveatignted.

"

5.3. Bffect of area of fire ' PR f~_-- - L

The depth of the hot layer has been calculated from equation (1#) as
a function of the effective area of the fire, assuming no discharge " :
beneath the curtain and is shown in fig, 18, for various vent areas,

- A the effective area of the fire increases the depth of the layer of

hot air inoreases, and if discharge beneath the curtain is to be pre-

' vented, larger vents are required, With fires of largs area the vent

area requirad may become impractically large, and the discharge of hot
gas can only be prevented by restricting the air inlets,. -

.5.4. Effeot of inlet openings of 1imited sige on temggrature ‘and air flaw

Under the oonditions of the experiments desoribed in this. paper, it'

is possible to negleot the effect of the pressure drop across ‘the inlet,

and tharefore to regard the neutral pressure plane as coinciding with
the bottom of the hot gas layer, In general, however, the neutral . -
plane ‘wil) be higher than the bottom of the hot" ges layer in order. to’

- provide & buoyenoy head to balance the velocity head across the inlet -
. (£igs 19)s - -Equations to allow for this can be easily derived, but are .
' generally diffiocult to solve, There is a simple solution when the

bottom of the hot air layer is above the bottom of the curtain and there’
is no spill under the curtain; ‘the mass rate of flow of gas through the
model is then; (See Appendix 2)e

I 25|LOH

C A 2T :.-_ sooscsnse (24
Equation (1#) then becones '
f S AT T P 1‘5 Ry o
Rl i Ak S —
C iy H AV ; .
Thua, if the size of the inlet is reduced so that == TH —F oannot be neg-_
air will be

noe from equation (41) its temperature
will be higher, A simple solution is also posaible when it oan be |
assumed that the mgdel is full of hot gas at O o i ?sse has. been’
treatsd by Yokoi(9) and Dyskov(10), ‘There is cvidencet!?) that this ..
approximation can be used when a fire covers most of the floor area
of the model although it did not appear to hold for the ? riments

. These
experiments therefore require some future oonsideration and this will -
be reported later, _ .

Conolgaions

'The experiments have shown that the ahape of the vent is not 1mportant

and that its position within a small curtained area is only of minor impor-.
tance providad that the hot air does not have a suffioiently high hori-
‘sontal veldoity to cause & tendency to overshoot thé vent, - Thess quanti-
‘tative results confirm the qualitative results obtained by earlier experi-
ments using a smoke tracer, and it can therefore be inferred that a uaeful .'
guide may-be obtained from simple experiments with e smoke tracer,.

10
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.foalculations.

:.Referencea '

The layer of hot gas beneath the ceiling can be.regarded as uniform in
temperature and Bermoulli's theorem, together with the theory of turbulent
plumes,can be applied to estimate its depth and temperature. This leads to
the following formulae for predicting the efficiency of a vent when the pres-~
sure drop aoross the inlet is negligible and the air flow is linear in a
hcrlzontal plane. .

(a) Depth of layer of hot air (d). B
064 a® - 0.045 (" -d)‘3 (fig. 13)
..when d i H
0.6 A d.% + 0, 4 *(d-H ); = 0, OLFB(H-&)g (flg. 14)
when @ 3 H,
'_(b)' Temperature of hot air 1gyé}'(oﬁ):_ g
L .
(8 + T0)% - (por)S -(‘ng)%. (1'-a)2 (1g. 12)

-(c) ‘Rete of discharge of heat thfougﬁ_the yent :

i To: Yo

) "_.%7= e S im;"’:ﬁ ;" e *\ (16 17)

: When the model is full of hot gas the analysis of Yok01(9) may be
N used.‘: - I "ﬁ T T

. There is satiafactory agraement between measured and calculated data
and it is therefore possible to design a'.venting system provided the heat
output of the fire and the. various dimensions of ‘the building are known,
Consideration will be given to some problems of design in a later paper
__using .the’ methods given here.A . -
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Appendix I1°
Derivation of formulae for rates of flow of air under the curtain

and through the vent. - - -« = & .v. g

1. 'Discharge .of hot' air through the vent (equation 3)

The air.is regarded as being stationary inside the model, The pressure
beneath the ceiling (p,) differs only slightly from that outside the model {p )
8o that it is possible to neglect the change in density of the air with pressSre
on passing through the vent, Bernoulli's equation (which is given together with
examples of dits-use in many text books 6)‘)may then be written in a simplified
forn, S

m
N

po + ?H . = Py
i.e. sz ;-ﬁS-(PH"’-Po) O

ssess v o:“(26)
To obtain (p, - po) it is assumed that the temperature, and hence the density,
of the air in the model is a function of the height above the floor (y) but is
otherwise independent of position. Then (referring to fig. 20)

pH - po = {e - ?O' dy esececsssoee (27)
T Jo :
ls €, P, coilin
A, Ty :
"" Q?H PH
*“—————— Column of
g air of unit
— T o el cross section
, MR f‘T L
Y
' ""“\ffff‘_‘ l I
' Floor
Fis. 20
But ?T = ?OTO = ?H TH - } .".'........'.-.'(28)
and T - TO =7.9_'_. . on ' ....oco;oo (29)



Then from equations (26, 27, 28, 29)

w /8 I [H /&y - B - . “."”(30)

Now ‘ = cd.A\V ' . S se000ss0 e (}1)
allowing for the cocefficient of discharge as explainad in seotion 4.1,

‘Equation (3) can be derived from (30) and (31) o )
e ooyh, futy f R N

To

2, Diaohargg of hot air beneath the curtain (eguation 6)

COnsider a horizontal strip of the opening beneath the curtain at a
distance, y, above the floor and having an area W dy (fig. 21).

"Ceiung L

 Curtain
(width w)
y S T T O '"'jE;" i
|
1
Outside air !
i l
2. s M, Ly, N
¥ "t"ﬁ"t?! 1 ” 1:{ ‘
' v
, Y
A B '
o Floar

Fig, 21

This may be regarded as a vent at a height, y, above the floor and
from equation (3) the discharge (aV) through the atrip will be

. S ;
@Vc dedy/g'li#{ O/Tdy ' Becesossse (32)
To '

and the discharge through the entire opening (VS) will be
: . - ’

. #H H /T, Paid ¥
P s . . of [2 g Ty § /T l
""’-""aﬁv sc"w’f el —‘y-/'dy
[+ [+] '

d

’

" This is equation 6,



rivation of formula for mass flow of air throu the model -
T ' (eguation 2h)

", A horisontal layer. of. hot air of. temperature T, density .and depth .
a{( - H } is assumed to exist beneath ‘the ceiling., The fes of the model
‘gontains air at T and Q (Fig. 22)

| T Yent ¢
« b /(Area' AV)
e o o
'y R - AT .
P8y i ] :
-
- Hd .. s '
Outside ' - :
alr g
M Gt G L EEEE - |
&3 4 “
a SO0 v , |
______ i
T : ' 9 ;— !
ey #’; Cy 0 SR
l{ '?"h R '
Y S S ————— :?Tham SRS S FRpNONpS B o S
\\\ . L ’i B R
Inlet - ' " Pressure
(Ares &) - . aistribution
' s inside
. model
Por the disoharge through the vent, Bernoulli's equation may be written
” ' . . :
. +@ b - | : -
P H 28 H ' "Ooof..ooo (33)
and for air entering through the inlet beneath the curtain
») E1 - | ‘
o0 ° tiy + g % ‘ o '- o . 0.-0.00000’(3")
From (33) and (34) -
-f) A + P v : L
m i‘i,g 93'2—5— --OEE_ . . . : ,..oooooot. (55)
But PH _’1 s (Qo - eﬁ)d ' ' 4 . _. 00'000000.:0 (56) .
EO.TO =2 ?H TH h . ) - Seves0ree (37)
0 = T - To RN o o;oooo;oo? (38)
Then from equations (35, 36 37, 38)_
/ d s To %, . | L | .
H i TH 28 23 - ) ) o .q'io_oooooo (39)



v, and v_ oan be obtained in terms .of:the .mass flow (M) and tb.e areas of the
vént and inlet (Av and &), sinoe |

(U

M= i e° v{ '.-...'__._. -.;“.r: - ssceverere (IGO)
R FUY TR R e "*'y (erom 7)o GRS

Provided that the shapes and areas of the vent and inlet do not dif‘f'er
greatly from each other

c‘ . :‘é‘ﬂ: c '.. | .Q.O‘...O, (u)

BRI

and from (39, 40, 41, 42) equatic;n (24) can be derived

& 2 ' ‘ I et
v, {148 ) o
3 S A" Tos o
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