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Notation and units used in this series

I- .... _- .

" I
.. ".- ..._.•... ,.

" Diln'!lnsions- ' . . .
I I Convers:ioil,

Symbol Meaning I F.P.S. units C.G.S units factor used

I
F.P.S Ullits

to
C.G.S units

Cp specific heat at
I -1 y1 cal gm-1 °C"" 1,B.t.ulb

constant pressu;re , I 2
.

g. acceleration due to tt/s em/s2 30:
gravity , I

h height of opening tt cm. 30'
. H height of model ttl " em. 30

K thermal conductivity B. t .u~ s-1 tt-1 or1 cal s-1 cm-100-1 15
L, characteristic f·tJi height dimension , ' . .,

30, cm.
1 path length of air

ttl

'. ,

in model em: 30
Q heat inPut·; ~. ,B.LJ/~ caJ/s ,

'.

Qo heat output , 252

T, absolute temperature :1 OK 0~555
To n ambient " OK 0 •.555
t time taken for a Sj .s -

small volume of gas
to oover oorrespo~

Ipaths in prototype ,
and model

V characteristio I .
velocity,

tt~s em/sv velocity of gas at 30
any given point in
prototype and I -

model
w, width of inJ.et ' ttl cm 30
y distance measured I.

vertically tt I' 30om
Yo distance measured

- from bottom of floor, ttl om 30
0 temperature above

ambient at ar:w given
Ipoint in prototype

and IIlPdel. OF; OC 0.555
r densip- lb/tt3 gm/em3 0.016
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1: • Introduotion

(5)

3.1. _ Requirements

To study all the factors! involved in the venting of fires on full scaJ.e
would be prohibitive both in time and money, IIlllki.pg it essentiaJ. fqrmode+. ..
teohniques to be used. The soaJ.ing laws _for turbulent conveotionflow are well­
established so that models can be used to study the flow of 'corrvectied heat. The
moaBl used in the present exper1nentsrepresents'on a 1/12 scal.e one ba;y of a
factozy having a flat roof (fig. 1), divided from an adjoining ba;y by a fire
curtain. I

2. Conditions for similarity I
- I _..

The flow pattern is determined by -the shape of the enc'Losure and the
strength and position of the heat eouroe, The model i~ large enough for th.e
flow to be turbulent so that the effeot of viscous forces on the main stream ma,y
be neglected. If heat losses Py radiation and conduction are small and skin
friotion is not significant, the relations between the temperatUre and velocity
at any point for different heat inputs and different scaJ.es may be obtained.

I '
negleoting condUotion and radiation ~oss
I

_By oonservation of heat,

Q ec p'll" ei:
t.:'l 'Jdi. L a.

0'1 't: '" T" I
From simple buoyancy oonsiderations

/l.. e)'1: ~ ;
'lr DC \10

and hence from (2) I

e DC e~~:c~yt I

V- q((~)~ I
I

If equations (4-) and (5) a,re satisfied for a given vaJ.ue of L, then the
results can be extrapolated to largersoales.

1

3. Const:ruotion of model I

I
I .

The model has to be wrll insulated to reduce heat -loss by conduction,
to be well seaJ.ed to prevent the escape of hot gases and to have a small
heat capacity so that the .JreJJ. temperature does not affect the air temperature

I

•
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when a change in operating conditions such as venti~ takes place. It must
withstand an interior temper:iture of at least 5700]' ~3COoC) without damage.

3.2. Des:i,gn of model and uJtrumentation: "
, , !

Diagrams of, the model a~ shown in figs" 2 and 3. The construotiop.
of the roof allowed aIry gas e?cPlosion in the, ,model to, be safe~ vented ~1) •
The front could be partially closed by a curta.in (fig. 40). Heat losses by
leaks were reduced to a minimlun by sealing the box with aluminium foil
stuck qy silicate paint. I

The heat source oonsisted of 21 fantail burners giving blue diffusion
flames with little radiation,' arranged in a line 2 in. above the floor
(fig. 5). The position of' the heater could be varied. The gas supp~
was measured qy a gas meter aha. ooul.d be controlled qy a needle valve.

I
The temperatures at iro.ri?Us, ~oints were measu:ed by thermocouples

made of 44 S.W.G. ohromel-alumel spot welded and silver soldered on to
26 S.W.G. chromel-alumel supports.

I

The aif velocity was mea!mred by a radiation-compensated hot wire ",
, anemometer 2). The instrument is accurate to within 5 per cent at, ambient
temperatures of up to 120OF«(50OC) greabervthan the ambient temperature
at 'Which it was calibrated 3), ,

4. ........._. tal dure .." l
t,eM"'r:unen prooe and resUoL s

I
40.1 • Experimental method

, '., j " ., , ,
The arrangement of thenn~couples isshowri in fig. 6. An anemometer

and athermooouple could be held in any. position,in th~ opening. The gas
flOlV was set and the model allOlVed to reach equilibrium. Velooity and
temperature profiles along the centre of the vertical plane of the opening
and the temperature distribution within the enclosure were determined. In
one experiment the temIJElI'atUreand velocity distributions' across the width
of the opening were ~d. I '

In several experiments th;e vent "was removed and the' time taken for
the new equilibrium to be established was nobed,

, 1
40.2. Temneratures and Air Velocities

I
Nine sets of experiments were carraed out, all with the hea.ter at the

end of the mode'l, amJ¥ from the: inlet, comprising t~e heat inputs at each
of three sizes of inlet with no vent. '

I
The temperature and velocity distributions across the opening were

found to be independent of the I position except within 2 inches (5 em) 'of
either wall, so that the model I maybe regarded as being representative
of one dimensional, flow over a' very wide section. '

The results for the tempektures and air velooities at -different heat
inputs ma,y be compared by using equations (40)' and (5). Plotting,
~/(QT)2/3 and v/(QT)1/3 as reduced temperatures Md velocities respectively, '

, ,

enables the data for various. heat inputs to be correlated. Thus in fig, 7
t~e temperature profiles for t~e,different h7at oubputis are reduced. to one
1:L00 and the shape dependent only upon the eaze of the openi.ng and J.ts .
relation to the height of the box: Similarly" fig. 8 shovrsthe velocity
profile for the three sizes of lopening and Table 1 gives the' temperatures
at various points in the enclosure. The results show that equation (40)
and (5) correctly predict the ~ffect of changes in heat output. '

I
: -3-
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4.3. Convective heat output,

The measured temperature ana. veJ.ooity prof:iJ.es can be used to
oa1.ouJ.ate the oonveoti.}e heat output (TableD:) and oompared with the
ac~ calorifio value of the fuel.

The specifio heat iof ihe flue gases was est:iJDa.ted from the
oomposition of the town gal\ and the air/fuel ratio assuming oomplete
combuatdon, A oorrection villsmade for the latent heat of water
vapour resulting from the oombustion of the gas (Table It).

Table II

Opening Heat oaJ.oulated from •Heat lI1Ela5U1'OO in .
height oaiorif:l.o value OOlI'f.!'etive i".l.oir

in. (om) , ;'o'f fueJ.
B;T.U/s (oaJ/s) B.T.U/"! (oaJ/s)

,
, '0.8T I

~~g~
0.91

~~~5 (12.7) 1.83 ' 1.43
2.5 630 2.38...

0.48

~~~
0.36 (90~9 (23) 0.95 . 0.71

~jf~
.'

2.06 : 520 1.37

.- 0.44 ~'

p~~
0.36 (90~16 (41) 0.95 ' 1.11

~~~2.1 530 2.62

The agreement between the calculated output and the measured heat input is
satisfactory; the source ofl the largest. errors is, the velooity measurements
which are not acourate at high velooities. Heat losses by oonduotion and
radiation are therefore unimportant so 'that the insuJ.ation of the model is
adequate and scal~ on the basis of equation (4) and (5) is valid.

I. .4. ..Time oonstants

When a vent waaopened about 90 per,oent of the totaJ. change of
temperatures and veJ.ooities occurred almost immediatel,v, the relllD.in:i.ng
.10 per oent of the ohange took IIlaIV minutes.

. ,
llecauSe the oonvective transfer takes place with a time constant of

aeccnds g~v~n ~ -(12/gH) t, whilst conduotion through the walls has a very

long time ofu,1iltant, the .relative magni.~s of the effects implies that the
heat loss to the walls is about 10 per cent. This is satisfactory
confirmation· of. the relative size of the conduction heat loss suggested
by section 4.3;; and, indeed, it is the simplest means of assessing whether
oonduction to the walls is significant in al\Y model of convective heat flo.v.

5. Disouaaion aiIii aenoJiis;WDs.·

The temPerature and vel~ity at a given point has...baen shown to follow
simple scaling la,vs derived from. a oonsid~:ra.tion of iIl!I.t'u:niJ; :turbulent conveotion.
and caJ.oulation has oonfirmed that the radiation and oonduotion loss is SIQiIJ.1.
The modeloan therefore be used to l'.rediot the mean tetnperature and veJ.ooity
pattern in a larger enclosure.

"



1 •

These exper:ilIlents to test the construction of the model have been for
the worst case. With the smaller' openings thEl:re Was more soatter...:Ln·:thB.da.ta
than for the larger openings, beciuse preSwnab1;y" the' lower. velocity within
the enclosure led to some damping lof the turbulence. Opening a vent would.
increase the bulk flow and: this damping would then be of lower extent.. . _... .. I' .
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TAllLE I. REDUCED TEMPERATURES INSIDE MODEL
(tor ~sitiOns see Fig. 6) ,

THERIlOCOUPLE 1 2 3 4- 5.6.7 8 9 10 11 12

Height ot , Heat Input Reduoed e/(qf)2/3 art1- ~213 B.t.u. - 213
opening B.T.U/s Temperatures

in. .
, ,

36 2.1 0.88 1.3 0 0 '1.7 3.1 0 0 0 0
16 37 0.95 1.0 1.4- 0.08 0 1.8 3.7 0 '0 0 0

38 0..44., 0.98 1.4- 0.08 0 1.9 2.8 0 0 0 0
,". " .

mean ot
readings 0.96 1.4- 0.08 0 1.8 3.2 0 0 0 0

35 2.06 2.3 2.3 2.0 ~.7 2.7 ~.6 0' 0 0.08 0
9 32b 0.95 2.~' 2.5 2.2 ~.7 2.6 ~.o· 0 '0 0 0

33 0.4.8 2.7 2.8 2.4- ~.8 3.2 ~.} 0 0 0.~6 0
..

mean ot . "

readings 2.4- 2.5 2.2 ~.7 2.9 ~.3 0 0 0.12 0
, - ..r- ; ,

~7 2.5
,

2.5 2.2 2.2 2.9 0.~6 0.59 0.70 0.4.2- -
5 ~8 1.83 2.7 - 2.6 2.5 3.1 2.2 0.33 0.58 0.4.8 0.50

31 0.87 3.7 3.8 3.3 3.2 4-.2 2.9 0 0 , 0 0.

mean ot
reedings_ 3.0 3.8 2.7 2.6 3.4- 2.6 0.25 0.59 0.59 0.4.6

Key 0 No reading (in air intlblr)
No thermooouple

"'..
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Vent .position

(
Var ia b!e Shape)
and size

curtain (variable 'height) .
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FIG. 2. ISCDMETRIC VIEW OF MODEL
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THROUGH MODEL

-!i
Aluminium foil 10 in thick

Sealed with silicate pain~

Exfoliated vermiculite
(3 in. layer) .

Inner layer Q t t cched
at. top arid sides by
'sil ico ~~ point
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FIG.5. HEATER.
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FIG.3. SEGTION

I
I

Layers of
olurniniurn' foil _--,.~(If

FIG.4.



10
9

6

12

c

I

...J
<J:
U
l­
e(
W
>

I
I­
\5
Z
W
...J

16 / /////// /// / / /v/ / / / / / / ////// / / /// / / / //
I • .~I .1 5,6, 7 ~

I 3 ' ~
i ~
I 4 IY
I .8 ~
i '%
I II hea_l\ter /'

12 /'
I ~ ~ ~
I r.

all////6 //////12 (//// 16//////24//////30//////36

HORIZQNTAL LENGTH - in
I

I
FIG,6A. POSITION OFT~EP.MOCOUPLES· (ELEVATION)

I

I
I

2

10

, 9,

6

12

24//////////////Y/ / / / / / / / / / / / / / / / / / / / / / / / / / / /

!I I~
I 5 I~
I I /
, /

I 4 heate~ ;,

! I:
12 II 6 ;,

I I~
3 ~

, 8 ~
I .7 [;;

I '/

I I~
all/// /6 /// / /12r/.///IB/ / / / /24/// / /30/////36/

I LENGTH -in

I
I

FIG 6B POSITION OF THERMOCOUPLES (PLAN)

c

I
I
I­
\5
Z
W
...J



Heiqnt of opening 16"

-l1jlI-

'1-Sl-----;------+-i-------+-:---------t

4 yV
3/

. 16r-----;-------r-------...,----------,

2~----;-------+--------:--+---------t

B.t.u./s

+ 2"1
• 0,95
o 0·44

I,

I

I

!

1

I'
,I
I
I

I
I

91------:.~---+------+----------I

101------:'------+------+-----------1
c

z

o
Z

Z
UJ
a.
o

z
Q
I­
r.J)

o
Q.

o 2'06
x 0'95

61--------c:------+-------i~~-O:.48~~

I

, "Heiqht of opening 5
x----

51----~--_+------ ....--"i'"---tr-___1

2 -
v 2· 5
• I· B.
l!. 0·87

If----------:--------- -+-----------j-------i

3

TEMPERATURE. PROFILES

2
2 I 2

TEMPERATURE - s! OR! Bt.u.- 3REDUCED
.1

I·,
REbuCED

I

0 .........---:-------*--------....1..-----------'

FIG.7

-
0'
M

a::
I..L:



6...-----'---r-~,'----____..._-7__---_r_---____::"-__r_"""""O"---- ........o. +

0'15

+
-b-"::......---,---- --_._- _ .. "--"-'

-+--------4---~,-..----,-

I

1

I
I

0'05! 0-10

. r I

ME, DUCED VELOCITY - ft 5-
1 Btu-:-k °R-jI '

I' ,

.1

in

_..- ······-~·I
--+_-='tU~_5__~ ..

; + 2· I ,

I .' C'SS I
~O 0-4~__ j

I

---""'--------l-~---+----l----

5~-----+------+-';-

31-------1-

2

!- -- Iv-> "

i4 ----:---

!2i-------+------+-...;-,---·

I

1 0!
I
t

I

j
I
I'

I 1

;;I~·---l--·~--··--I--i-------
o~,-~ ------r-!,---':-I--+----
; , ; I
: i

91 I
I , I 0 ..
I ; "
: .: 0 • ';" ' .8[- -_.. ---.-----[ .._-- -----.-.-- .1-- I

L..-.__.' .: 0 1__1 _

: ! 0.. I I I 0 2'06
: .~ / [ I" . I x . 0·95

6L.--~:,,~- --.i-r .~..- .. ._-J--". O-ABJ'..

t;1- i _---:-1---"""'"'"i----b----i-li w-----

:1 ....=r -------1'r-t---~i_1--.u_-0=t · I

I I

'I

I .~
II ~----__j,----IA . I

,....,1 out\J~_.__----'__'_.......;:;..;::~....:....________..l.._~ ........L.. .....l.__

)'04 0

I

FIG,8, REDUCED VELOCITY PROFILES
!

"~.




