Im2 DY PE"""’)"‘“*’”‘" ouLy |

auﬂ"ﬁnii RLCLhoabs Ui | f.\; _
. R i . . . oyt i,lr

L : e A . I" FQC\FZ qu""““"

I F.R. Note No 394
P . Research Progromme Objective E1/9
DETARTW OF SC]ENTE’IC AND B‘DISTRIAL RESEARVH AND FIRE ‘OFFICES' COMMITTEE
. ' J OINT I‘T.RE RESEARCH ORGANIZATION ' '

ROOF VENTING OF BURNING ENCLOSURES
. A E P ,
PART II. THE CONSTRUCTION OF A MODEL, AND SOME FLOW PATTERNS OBTAINED WITH IT

| . by ...

© D, L, Simns, B, L, Hinkley and Alison Bisset

~ The oowtruct:.on of a sma.ll soale model suitable for studying the flow
: of heat from a com'ect:.ve soume in a building is descnbed

Experiments show that the oonduct:l.on loss has been made ama]_'l. encugh for

it not to affect the scaling la:ws der:wed from consﬂerat::.on of natural
- gonvection,
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Notation and units used in this series

)

~
.

! Dimensions -
S 1 ' ' Conversion
Symbol Meaning | F.P.S. units C.G.S units gagtgr ugz:d
. a9 3
| to.
L : _ C.G.S units
I .
Cp _ |specific heat at  |B.t.u 11 op-1 cal gn~! 91 1
constant pressure ‘ ) . - .
g acceleration due to |Pt/s® am/s2 30!
: gravity :
h . height of opening f‘tl cm, 30
~H'  |height of model £t| o om. . 30
K thermal conductivity [B.t.u.s=1et™! o1  [cal s~len™t%-1| 15
L characteristic | o : o ' |
. height dimension 5, . cm. - 30
1 path length of air - I o :
in model £t cm., - 30
Q heat input: ). ; ' :
< heat output ; 'B°'?°“/3 cal/s 25_2
T. absolute temperature |°R %K 0,555
To " ambient " = [OR! 19K 0,555
t " {time taken for a _54 .8 -
small volume of gas
to cover correspondig |
paths in prototype ! .
and model _
v characteristic |
velocity : o
v velocity of gas at ft/| s on/s 30
any given point in e :
prototype and |
model :
w. . |width of inlet - £t cm 30
¥ distance measured b
vertically £t ‘ ’ om 30
Y, distance measured :
from bottom of floor (£t | cm 30
o temperature above '
) ambient at any given | )
point in prototype op .
and model | oC 0.555
p  |density 1b/£t5 gn/cn’ 0,016
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1. Introduction |
To study all the fa.ctoml, involved in the venting of fires on full scale
would be prohibitive both in time and money, making it essential for model N
techniques to be used, The scaling laws for turbulent convection -flow are well-
eatablished so that podels can be used to study the flow of ‘convected heat, The
nodel used in the present expements represents on a /12 scale one bay of a
factory having a flat roof (fig, 1), divided from an adjoining bay by a fire

2. Conditions for similarity |
I
The fiow pattern is determlned. by the shape of the enclosure and the
strength and position of the hea't source, The model is large enough for the .
flow to.be turbulent so that the effect of viscous forces on the main stream may
be neglected, If heat losses by radiation and conduction are small and skin
frietion is not significant, the relations between the temperature and veloc:.ty
at any poirnt for different heat inputs and different scales may be obtained,
|
.By conservation of heat, negleot:.n,g conduction and radiation loss:

@ xpv 6 L* | (1)
n @ < ’-,‘-—QL |I - . (2)
From simpl ons3 ns
imp 13_ ';LBW consideratio
v« | (3)
and hence from {2) |
| ()

i ‘ 2 2 £
5 « (QJ; )'3
L i
—\ L | _
. T | ,
If equations (4) and (5) are satisfied for a given value of L, then the

results can be extrapolated to l:l.a.xgerscales.

3. Construetion of model |

3.1. Requirements |

|
The model has to be well insulated to reduce heat loss by conduction,
to be well sealed to mvent the escape of hot gases and to have a small
heat capacity so that the wall tempem‘ture does not affect the air temperature

|
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when a. change in operating cond.ltlons such as venting takes place. It must
 withstand an interior temperature of at least 570°F 3CO°C) without damage,

3. 2 Des:,gn of model and :.ns'trumenta.tn.on
i ,
D:.a.gra.ms of the model are shown in figs. 2 and 3. The construct:.o)(':
of the roof allowed any gas explosion in the model to be safely vented 1)
The front could be partially closed by a curtain (fig. &). Heat losses by
leaks were reduced to a minimum by sealing the box with aluminium foil
stuck by silicate paint, ’

The heat source cons:.sted of 21 fantan.l burners giving blue diffusion
flames with little radistion, arranged in a line 2 in, above the floor
(fig. 5). The position of' the heater could be varied, The gas supply
was measured by a gas meter a.nd could be controlled by a needle valve.

- |

The temperatures at various ‘points were measured by thermocouples

made of 4 S.W.G. chromel-alumel spot welded and silver soldered on to
+ 26 S.W.G, chromel-alumel supports.

. The a:.t- Yeloc:.ty wo.s meaSured by a mdlatlon-compensated hot wire
anemoneter The instrument is accurate to within 5 per cent at smbient
temperatures of up to 120°F 53000) greater than the ambient temperature
at which it was calibrated (_ . .

4. EBExperimental procedure and results
‘ |

4.1, Experimental method

The amngement of themocouples 1s shown in fig. 6 An anemometer
and a .thermocouple could be held in any pos:.t:Lon in the opening, The gas
flow was set and the model allcwed to reach. equ:llbrlum. Velooity and
temperature profiles along the centre of the vertical plane of the opening
and the temperature da.stn‘but:.on within the enclosure were determined, In
one experiment the temperature and velocity d:l.str:.butn.ons across the width
of the opening were measured, | -

In several expements the vent was removed and the tz.me taken for
the new equilibrium to be esta.bllshed. was noted,

. ll-oé- Temperatures and Air Velocities
' I
Nine sets of experiments wem carried out, all with the heater at the
end of the model away from the1 inlet, compr:.s:.ng 'Lh.ree heat inputs at each
of three sigzes of inlet with no vent.

The temperature and veloclty distributions across the opening were
found to be independent of "the' position except within 2 inches (5 cm) of
either wall, so that the model may be regarded as being representative
of one dimensional flow over a very wide section, .

The results for the tempe:lcatures and air velogcities at d:.fferen’h hea.t
inputs may be compared by using equations (4) and (5), Flotting

/ (QT) %/3 and /(QT)1/ 3 as reduced tempemtums and velooities respectivelj

enables the data for various heat :anuts to be correleted, Thus in fig, 7
the temperature profiles for the different heat outputs are reduced to one
line and the shape dependent only upon the size of the open:a.nu and its
relation to the height of the box: Similarly, fig. 8 shows the 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 (4)
and (5) correctly prediét the: effect of cha.nges in heat output.



4.3, Convective heat output

The measured tempera.mre a.nd velooity profiles can be used to
calculate the convective heat output (TableII) and compared with the
actual calorific value of the fuel.

The specific heat of' 4he flue gases was estimated from the
composition of the town gaq and the air/fuel ratio assuming complete
combustion, A correction was made for the latent heat of water
vapour result:mg from the combustion of the gas (Table II).

' Table II
|
Opening Heat calculated from " Heat measured in .
height . ca.lor:.f:.c value . conveotive flow
in,  (em) . . of fuel
B.1.U/s (cal/s) B.T.U/s (cal/s)
‘ | o.er, 220 0,91 230
5 (12.7) | 1.83 560 1.43 360
: 2.5 630) - 2.38 600
- 0,48 120 0.36 (90
9 (23) | 0.9 . 240 0,71 2180
2,06 520 1.37 345
- Oubly | 110 0.36 (90
16 (%) | 0,95 240 1.194 | Eaeo
124 530 2,62 660

The agreement between the caloulated output and the measured heat input is
satisfactory; the source of| the largest errors is the velocity measurements
which are not accurate at high velocities. Heat losses by conduction and
radiation are therefore unimportant so that the insulation of the model is
adequate and scaling on the basis of equation (4) amd (5) is valid,

.. Tinme constants i

. When a vent was '6p¢ned about 90 per cemt of the total change of
temperatures and velocities occurred almost immediately, the remaining
‘_10 per cent of the cha.nge took many mimites.

.Beca.use the convect:.ve transfer takes place with a time constant of

second.s given by (1 /gH) s whilst condnection through the walls has a vexy

long time constant, the relative ma.gnitnﬁ.es of the effeots 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, J.ndeed, it is the simplest means of assessing whether
conduction to the walls is significant in any model of convective heat flow,

5. Discussion and aénclusigna -

The temperature and velogity at a given point has bheen shown to follow
simple scaling laws derived from a consideration of imturel turbulent comvection.
and calculation has confirmed that the radiation and condustion loss is small.
The model. can therefore be used to predict the mean tempereture and velocity
pattern in a larger enclosure.



These experiments to test the construction of the model have been for
the worst case, With the smaller’ 0pen:|.ngs there was more scabter in the data
than for the larger openings, 'beca.use presumably the lower. velocity within
the enclosure led to some da.mp:mg|of the turbulence, Opening a vent would
increase the bulk flow and this dalmpa.ng would then be of lower extent,

6. References _ . |

1.

Top reliefs in box ovens .| Explosion reliefs for- industrial drying
ovens, Part I, Tndustrial Cas Development Committee Report No.
612/56. Oct, 56, |

| .
BIGMORE, R. H., A radiation compensated anemometer. Joint Fire .

Research Organization, F:| R. Note No, 297/1957.

COWDREY, C. F. Tempemmlm and pressure corrections to be -
applied to the shielded hot wire anemometer at speeds for which
?&'S:ural convective cool:l.ng is negligible. J. App, Phys. 1958, 9
3) 113-6. :

* HIRD, D and FISCHL, G F|F:LreHaza.zﬂsofIntemalL1mngs.

Dejga.rbment of Sc:l.ent:.f:n.c and Industrial Research, National
Building Studies Special Report No, 22. London, 1954,

Her Majesty's Stationery Offn.ca



REDUCED TEMPERATURES INSIDE MODEL

‘I.
(for positions see Pig. 6)
THERMOCOUPLE 1 | 2 3| & [5,6,7] 8 | 9 |10 {11 |12
Height of | Heat Input Reduoced 2/5 42z - _2
opening B.T.U/s Temperatures ﬁ/ (ee) °R® 8 B.t,u. /3
inn - ) - . B
361 2. 08843 o | o |17 i34 0 | o | o] o
16 37 0.95 1,0 | 1.4 (0,08 o] 1.8 | 3.7 0 "0 0 0
38 Ok . 0,98 1.4 |0,08 | 0 | 1.9 | 2,8 | © 0 0 0
mean of | -
readings 0,96 | 1.4 10,08 | 0 [ 1.8 3.2 | 0 0 0 0
. 35| 206 |23 |23(2.0 |17 2.7 (16| o .| o |o.08]| o
9 32b 0.95 2.1 | 2.5 |2.2 | 1.7} 2.6 ]1.00] © o] o 0
33 0.48 2,7 | 2.8 {24 |1.8] 3.2 [2.3] 0 o |06 | O
mean of . . . e '
readings 2. 2.5 |202 1.7 2,9 {13 | © 0 loaz | o
T T a7l 2 |25 | - 2.2 | 22| 2.9 | - 0.6 [o.59 |0.70 |0.42
5 18 1.83 2,7 | - l2.6 |2.5] 3.1 |2.2 10,33 [0,58 |0.48 |0.50
31 0.87 3.7 |38 (3.3 |3.2|k2 |29 0 [0.] 0 [0
mean of
madingg_ 3.0 508 2.7 206 3.4 206 0,25 [0.59 |0.59° ooh-s

Key O No reading (ma;u-infmw)

- No thermocouple
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