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and the height of the ceiling on which they are mounted,
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THE BEFFLECT OF CBILING HEIGHT ON THE SPACING
OF HEAT—SENSITIVE FIRu DET:CTORJ

'by

R. W. Pickerd and D, Hird

1, Introduction

. A method by which a suitable spacing for heat- senslt%vs fire
detectors can be dctermlned has peen discussed elsevhere

results obtained were based on the air temperature dlstrlbutlon
likely to occur beneath a fiat cciling mounted 8 £% above the level
of the fire, With greater ceiling helghts lover air temperetures
will occur at any given distance from the fire and the spacing of
detectors must be reduced if the alerm is to be given wt the same
stage in the develogment of the flre._‘

This note describes an znvcstlvatnon to determlnc the air
temperature distribution likely to occur beneath flat ceilings at
heights up to 30 ft above a fire, The results have been used to
obtain an empirical relation between the spacing of detecto;s and the
ceiling helnht within this rﬂnge.

2 Bxperlmental

‘& fldt ceiling 16 £t x 10 £t was constructed and mounted on
scaffolding 'in a room where its height above the floor could be varied -
between 15 and 50 ft. The fires uscd 'in the experiments are desoribed
als ewhere ( and consisted of methylated spirit burning in trays of
1, 2, and 3 't dameter, the surface of the spirit being 2 £t above
floor level,

Air temperatures were measured by means of 40 8.W.G. Chromel
Alumel thermocouples s set 2% in, beiow the ceiling at a central p01nt
vertically ‘above the fire and at points up to i1 £t .radially from the
cential p01nt Rendings were taken at all p01nts with the three tray
sizes for- ceiling heipghts of 13, 18 and 28 ft above the flre except
that ‘at 28 £t only the central reading was taLen with a 3 % dlameter
tray. . o

3. .Resulté ‘

memmﬂdmmwwmnﬁtmmmmmrmewmmwwﬁhme
2 ft diameter ‘fire is shown in Fig. 1 for thé three ceiling heights.
Similar results were obtained with the 1 and 3 ft diameter fires and-
showed thdt with ceilings up to 18 £t abovc a fire, the temperature
rige € at radial distances greater than 3f% from the firc is given:
by’ thc approxlmato relatlon

0= 4705 ceenes (1)

where - R 1s the dmstance from the fire and A 1s a constant for a
given oelllnw helﬂht and slze of flre.

Por a ceiling ?8 f't above the flre the approx1matc relatlon is

e 4 g:‘BR—O.E’ XX ERE] (2)

where B 1is a constant for a given size of fire,
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The variatian in temperature ris¢ with height of ceiling is shown .
in Fig., 2 for the 2 £t diameter fire,  Similar results were obtained
using the 1 and & £t diameter fires, An analysis of results for the '
three sizes of fire showed that the tempernture rise vertically above ’
the fire ocan be related appronmtely to the ceiling height by

0=o0nt6 (3)

where. h' is the ceiling height.and € iz a c:o.nstcﬂnt for a given gize
of fire, This a;rces with the acceptod io“mula i‘or heated vertioal
.jets of - Gof-—h' . .

At dlstances of 3 £t and greater from the fire the relation between
temperiture rise and ceiling height varied with both the size of fire
‘and the radial distance from the fire (Fig, 2). However, for ceiling
heiphts between 10 and 28 £t above a fire a mean result showed that the
tempernture rise could be given appromntely by

oimt e (1)

where D 1is a constant for a given size of fire and radial distance
from the fire, The resulis for% Seiling 8 £t above a fire which were
obtained using a larger ceiling ghow that this relation may not
hold for ceilings lower than 10 ft above a fire, However, Mquition (4)
will predict s lower temperature than is likely to occur and will + -
therefore ery on the side of safety by suggesting a lower spacing .
of .dstectors for oe:.l:mgs xr:Lth:Ln fhis range of helghts than may 'be
nec:essu'y. , Co :

.

4. _,Q}ggur_tsfl._g_r_x

To be effeotive; an autometic fire de"-cpétor' should give .an alam:
sufficiently early to cnable the fire bmcrade to attack the fire in .:
its early qtages. 'I'hus the success of a de’c:r:)c:t:l.nu systen will depend

characteristics. It is possn.ble to calculate ‘the’ spac:mg requ:_rements
of detectors to ensure that a fire will Be detectcd before a given o
rate of heat output is reached regardless of the cciling height., It >
may be that a fire will develop more slowly in a room with a high-

ceiling and therefore, a higher rate of heat output could be tolerated

before the alarm is given, There is no information .available on the

effect of the height of the cellmg on the rate. of devclopment: of the

fire, so the spacing reqirenents will be calculated on.the a.ssumpt.l.on '

that the fire must be detectod at tho same stage of - dcvelogncnt

rogardless of the ccllmg hc:.,c_,ht. ,

This oan be achieved if the spacing of aetectors is Var:.ed with
the height of the ceiling so that the tempermture rise of the air at
the detectors is the same for the same size of fire.

Now :Lf the temperature at a height ~and radial distance frl
from a-'given fire isg 9, and at a helrht ho and radial distance rg-

from the same fire is ©,, then from Equations (1) and (4)

o _hg /¥ -

— T e—— -«..'— . evaes e (5) P

9 hJ. 1 | o e
The same standard of protectmn will be af'forded at the two cellmg _ o

heights if © = 69 or

Ty =Ty (‘%2 . E verens (6) -
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Fig., 3 shows the variation in spacing with height of ceiling for a
detector with unit spacing at a ceiling height of 10 ft above the fire.

Equation (2) shows that for ceiling heights greater than 18 ft
above the fire it may be necessary to reduce the spacing to an even

greater extent than that suggested by Equation (6).

5. Conclusions

It has been shown that air temperatures near the ceiling of a roam
due to a fire are approximately inversely proportional to the ceiling
height, where this is between 10 and 28 £t above. the fire. If a certain
standard of protection is to be mintained, the spacings of fire detectors
must be reduced as the ceiling heipht is increased. An approximate
relation between the spacing of detectors and the ceiling height Has been
derived for flat ccilings up to 18 ft above the fire.
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