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The variation in the temperature of the air benea'ch a ceiling due
to a fire has been examined for a range of ceiling heights. 'l'he results
have been used to derive a relation between the spacing' of' fire detectors
and the height of the ceiling on whd.ch they are mourrted ,
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THE ELFIDT OF c:m:ILlNG HEIGHT ON TlIC SPACJNG
OF HEAT-SGNSITIVE PIP,]; DETECTOrS

, by
"

R~ w. PiC;ke.!'i and D.Hird,

1. Intronuction

, A method by which a suitable spacing for h()D,t-:sensit}v~ fire,
detectors can be determined hh" been di.scus's ed e.Ls euher-e ,i). The
results' obtained were based on: theairtcmpero tUre dis tribu tion '
likel,v to ocour beneath a flat ceiling mount ed 8 f'l; above the level
of the fire. With greater ceiling heiEhts, 10Her air tempore tures
will occur at any given distance from'the fire and the S~qcing of
detectors must be reduced if the,alarm is to be given at the same
s tage',in the development of the fire. '

This note describes an investiGation to detemline the air
temperature distribution likely to occur beneath fl-"It ceilings at
heights up to 30 ft above a fire. The results ~~ve been used to
obtain an empirical relo.tion between the spacing of detoctors nnd the
ceiline height within this range;

2 • 'Experimental

'k flfit ceiling 16 ft x 10 ft Has constructed andmouribed on
scnffolding:in a ,room 11hereits height above the floor could be varied
between 15(~d 30 ft. ,'t'he' fires us cddn tho. e:cperiments ~re described
elsewhere 2) and' consisted of methyl-a tod sp~r~t burning ill trays of
1, 2, and, 3 ft diametor, tho surface of the spirit b edng 2 ft above
floor level.

, Air temperatures were measured by rmans of 40 S.Y/.G. Chromel
Alumel ,thermocouples 'set 2:'; in.' b e.Iow the ceiline a t a centrol point.. ,
ve rtically 'a.bove the fire ',and a t points up to 1t f t, rad:Lc'\lly froni the
centml poiilt.~eD4ineswere taken at all points with the three troy
sizes ,for' ceiling' heights of 13;,18 and 28 ft above the fire, except ..
that 'a:t ,2? ft only the centraL rending Ivastaken \7ith a ;) ft diameter
tray." ' , , '

3. .Res ul.bs. '.;

The' r'adial distribution of temperliture rise obtained with the
2 ftdiameter"f1re is shown ill Fig. l' for the three ceiling heights.
Sinliia:r r'c'stilts v;ere obtaiiled with the 1 and 3ft dia!OOter fires ani·
showed th<.-\h~ith' cieiiings'up to 18 ft above a fire, the tempcre ture
rise Q at rad:Lc"ll distances greater fhan '3ft frem the' fire is given'
by"thea.PProxim<ft9 ,r~la~ion,., .~ : . ~ . ... . ..'

Q = AU-O• 5 ..... • (i)

wher-e R is"thedistaroe from the fire and A is a constant for a
Given oeiiing 'height and size of fire.

For a ceiling 28 ft above the fire the approxdrna te relation is

••••••

where B is a constant for a given size of fire •

. . " ~ ':" . .;
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The varia tian in temperature rise with height of ceiling is shown
in Fie. 2 for the 2 ft dirunoter fire.' Similar results were obtained
using the 1 and 3 ft diameter fires. An analysis of results for the
three sizes of fire shoved that the t~nperF,ture rise vertically above
the fire can be related approximately to the ceiling height by

"

..
.
•

·., ...
is a constant for a given size
fOrTI1Ula for heated vertical

where, h is the coiling height and ' C
of fira. This aiQ'ees with tho accepted
ja ts of '(10.'':' h-5/3• '"

At'distances of 3 f' t and greater from the fire the rehtion between
tempemture rise and ceiling height varied with both the ,size of fire

'and the 'radial distance from the fire (Fig. 2). However, for ceiling
heir,htsbetween 10 and 28 ft above a fire n mean result showed that the
tempemture rise could be eivC11 approximately by

• ..... (4)

necessary,"

where D is a constant for a given size of fire and radial distance
from the fire. The results for I). <;:eiling 8 ft above a fire, whiehyrere,
obtained using a larger ceiling ~2) show that this relation may not
hold for ceilings lower than 10 ft above afire. However, ,l:quation (4)
will prediot,'a lorrer temtJerature than is likely to occur and will'
therefore err 'on ,the side of' safety by suggesting a, ,lower spac:i:a;~
of ,detectors for ceilings \ri thin ,this range of heights tlk'ln inaybe

. \. '..' .

, J

To be effeotive; an automatic 'fire detector' should give:an alarm'
suffioien tly early to cnabLcvthe fire brigade to a ttack the fire in
its early stages. Thus the sU'9ces~of a detecting system will: depend'
on the typa of risk in ,ihichit is,' installad and, on its operating
ch..'1.raoteristios.Itis possibletocalcillatathe s pacdrig requirements
of de tectors to ensure that Ii iii-ewill De de t cc t ed before a given
rate of heat output is reached reGardless of the coiling height. It
may be that a fire will develop more sloyrly in a room Hith a high
ceiling and therefore, a higher ra to of heut output couLd be tolerated
before the alarm is, given. There. is no ,informationavo.ilable 011 the
effect Or the hqigh t of the cailfug' on the rate of davolopment of the
fire,· so the spacing reqJireinentswill be calculated on the assumption
that the fire must ba dctactad at the, sarna stage,of,dcvalo~nant,
reGardless of bhe oailmg' height. '

This, can be achieved if the spacing of ileteetors is varied with
the height of the cailing so that the tempemture rise of the air at
the detectors is the SnIDe for the same size of fire.

NOYI if the tempara. ture at a height ,~ and radial distance, 'rl •
from a ,'given fire 'is lOll' and at a heir.;ht h2 and radial distnnce I"2'
from the same fire is lOl2' then from Equations (1) and (4)

.,-,

••.. . •"(5).

The same standard of prot'eotion will be afforded at the two ceiling
heights if 9j, = lOl2 or

.'

.". . • •• (6)
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Fig. 3 shows the var Iation 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 Equa tion (6).

5. Conclusions

It 'has been shown that air temperatures near the ceiling of a room
due to'a fire are approximately inversely proportional to the ceiling
height, where this is between 10 and 28 ft above, the fire. If a certain
standard of protection is to be llnintained, the spacings of fire deteotors
must be reduced 11S the ceiling height is increased. An approximate
rela tion between the spacing of detectors and the ceiline height I1a.s been
derived for flat ceilings up to 18 ft above the fire.
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