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The therr,"l.:.ll conda t i.cns to which hcat-zt:m:-;itive i'ir'~ detectors
GUst r'capond when a fire occur-s have been investirpted. The
resulting knowl.edgo of the aj,r te":~eratures and vc Loc i t Les beneath
the ceiling of' the roor.: .Lnvo.Ivcd , has been used in f; ~:,5(es ting a
test. procedure fo"r the perforlJance" of" hcat-sensitiV8 detectors.
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H. W. Pi.ckar'd , D. I-lird.and P. I:ash

1. Urr::.ODiX::;TIOI~

A test procedure for hOllt-:Jcnsitive fi:re det eccor-a ,if; :::r(~cifi~d in
Britton StMd~trd Coda Elf P%'Mtice C.P. ,:n.lJjltIJr02.~O+. '~l\g§g ~RflItji=l wel~6 1:1,)
1;R ~Qlv:l,l!)tltl in '~1\~ 14.ght of an investigation now being iaade n.t t.hc Joint }1"'ire
U::!scal'ch org':'..l1izo.tion. Thi3 note describes the work 'which has been cr~rried

out to ·deteli.1ine the condition3 to.which u'heat-sensitive detector should.
rr;;3pond.

2. D3·I'Em..;]Jv:rrO:N or r'LIR vsicc ITY AND 'lT~,F)r.:ATUT':.:~ DIST7'I31f r ION;:.
NEAP. A }'LA'l' CLILING

.
I
~

i I

.:

The tir.1l3 for a detector to operate i3 'lar,gcly sov!~:"ncd by the t.ezrperat ure
and velocity of the air ','/hich flows past i,t. In order to r-epr-oduce those
tCl.!pcraturcs and veLccfties I different-sized treJ.·3 of ;.:cthylc~ted spirit, each
havine a heat output (Table 1) cqui.vaLent to tl1.3.t of a p<:l.rticular .sta.·ge in the
devcl opnent of II fire, wcre burnt beneath a ceiling. '

TABLE 1

;
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j. • ~

\ ~ \~;~ '\\~'r' ,,:'::::­,

Heat output f'r-on burning nethylated spirit
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The temperature distribution of air close to a ceiling' due to' a tire .:.
be-month has been discussed theoreticallj elsewherc(2) but there are few experi'~ :::,'. '. ;:.. J ",
r..ental re~ults available •. li'or the present inyestigation, a' flat ceiling ,. :~.' :~. I,.

24· ft. z 20 ft., unrestricted at its edges and oounted 10 ft. above the floor ::~ .....
of a subztantial1y draught-free room, wa~ used. . The trays of ::Jethylated spiri,t. ' '. t,: .. ~
woz-e supported with their· liquid .surfaces 8 ft.·..be'lowbhe c<?iling' (Fig~··2); ~.,.:-:. :,'o:··.~

.'. . .,..... ' ':.:'.' .-~./:" , ~.: \.. ~

......i:,,~~,~~~~~,~~~>:;;~,:,~,,~::.;:l~~4jl.iE,t;L,~,L~,::~;l~ ..:.::.:: ~: \k'~" .' .

Typical values of heat output during the dcveLopnerrt of a firo were .
obtained fran neasurCDents of the ra~e of' loss of weight during the burning of
l/lOth scale furnished nodeI rooms. 1.~oaels .,.iith both conbustible and . ..

-: incor..bustible linings were used, flashover occurring at 5~ and 13'~ minutes
respectively. These results were compared with those for a full-acaie roofil(l)
in which f'Lashovez' occurred at npproxiJilD..tely the same tii·.'lC, and thore was found
to be a olose ag.reemcrrt , Further results were computed frOl,1 measuz-ement s taken
during a full-scale slOv':ly-devcloping fire. . Fig. '1' shows the relation between.
heat output and time for these fires. t.: ';: ' .

2.2 Tei'!!!2.c<:r.:a.i~c__qJ._st~i,p1!.tioJ~ Q.c.llcp.Jh .:J. 9.O:.\lJi!&·· .
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CO:1sidering first the ter:rperature distribution perpendicular to the
ceili113, the results ShO',7Cd that ·....hile there was no ::'.:lrkcdtcr.1peri.l.ture gl;'o.dient
over the 12~ Lnchcs cQvoreQ. 'by tho trH:a.r.~1o()o\.\ploft, tor.';po~tut'oa ef.eae to the
ceiling were s11~htl,}r lower than those at g rcater (1ist.:1nGc~. l<~ig. 11- shows
the tC;~1per<'lt ure ~ in. beLow the ceiling as conparcd v:itfi the :'.~n.n tc::'.per<>.. ture .
between l~ and 3'2 in•., for disto.r.ces up to 15 feet froj·., a fil'e in 0. 2 ft.
dia;:1cter trc-.y. The Iov.-or ter::pcr;;o.turo cl.cse to the ceiling is pr'obcnly due to
hCD..t losses to it.
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T~.o !dr tenperature was :.lea:lurCd by'a'cor50 of ,thirteen hO s.w.e.
chro:";el/nJ.ur.:el ther.:1Ocouples set vertical!)' at 1 ·in .. il)terv-alFl, tho top
thor.1Ccouple being ·i in•.below·thesurf'ace or the ceiling. The ther.·.:ocouples
were placed at a known distance fro::i the vertical axi,s of the fire, which was
alla~cd to burn ~or 2 nin.utes ,to obtain 'ztable conditions before nny Dea61~~O-

nenta wer-e taken. The output fn:n the t herraoccup'Les wan z-ecordcd nuto::ati.-
cally 1 a typical trace being. shown in l~ig. 3. Owing to the lcrge f'Lucbuat Lons
in air t enperabure , a ziesn value over 1'; •.rinubes was taken. This procedure
,r,:-,g rcpcated for diSt.mClJ3 11p to 15 rt. ft'Q;·.: tho vortieAl a...'U6 Of' tM :!'h"'c,
for each 01' the' four sizes of tray •.

'\ .
, .

...... ::.:

The radio.l te:~lpCro.ture distribution was then cxerrined , Since there was
no r.1ll.!'~ed t crrperntur'e gradient at distances r,reo.ter than 1-& Ln, below tho.
ceiling, it was assU:1cd that the sensitive clc[~nt would be s~bjected to an
air tC~.!fcraturc reprc~~cntcd by the mean value between li and .3t ins. .

. '

Pie. 5 shows, for the four sizes of tray, how. the :'.1C&l1 te;·.1pero.ture rise
of' the air wi thin this band varies with the di.s tancc f'rou the firo.

Pig. 6 shows t hat the tenperaturc rise can be rclatc,d to the dd.st ance
fran t he fire by on equation of the fOn:l'

wher-e e is the tcnpcruturc rise
!l is the distu.nce fror:l the fire
A.is a constant dependent on the size of the fire.
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The air tCr.1pCraturc rise at a point near' a' coiling due to ~ fire beneath
it is governed by the following faotors i ..; . '. . . ..... " . . .

. ,
Fig. 9 shows the radial distribution ·of temperuture 3 ~. below the celling

and it can be seen that with the f'il~e 4 ft.·, bolow the ceiling .th~ tctlpcrature '
rise is again govorned by' the approxiJ:lEI.to relo.tion i . .
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(1) The size of the~ firo. ..' f:::.,. . ',. " '.' . ,':, )1

l2l'ThOdi'stancc fl';on 'tho axis of··the'''fire~ .', ., .' " '.":" :' :'..... ; :,:' ":,'" \~:\
3 The distanco between the fire 'and. oeiling. ,.< '.' . . . 'JI:. ',,~ .,~ ;.',:. \. ,.:·.II
4 The depth ,bcIti.,· t.he. ceiling ~t :o'r~oh th'?·~:teoper~~~e is.:;~~~urod.. :, <....~~.. r.:·· }.,
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r~i.g. 8 conpares the radial distribution of t erapcrut ure , -?z in. bclew the
ceiling, vnth the fires noUnted 4 ft. ~ld 8 ft. below it. It Can be seen
that, cloac to the ceilins;: higher values of temperature rise are obtainod as
the distance between the fire and ceiling is decreased.

Expcri:.1cnts were also ;.lO.de using the 1 it .. and 2 it. dia'Jeter trays
nount.cd with their liquid surface 4 ft. below the ceiling and showed that there ,'f,
was a ::n.rkcd tcnpcratur6 grac;lierit perpcnda.cul.ar- to the ceiling, as can be seen' , '':\
in Fig.7.; .-" ~" ,,\. -.v-.:,\· ,\ "~~jL... \\ ~ ..... . .
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These f~ctors will govern the pl~cing of detectors. Since thc~c is likely to
be a r.~rked tcr:;pcrature eI;'udie~t pcrpcndacul.nr- to the ceiling if t.he fire is
close to it, it appears to be advigablc to l~l~t detectors ~o.thnt the sensitive
clej~1Cnt is not less than 1 inch and not more 1.. han about .3 in. bo Lov the ceIling.

The !':.l.tc of ter.1per:i.ture risB lie ",-hiGh e. dete'etcr ::~.Jf 1;>0 s't:lbjectE!d., w:hil
l,'i@P.~mg. OR t;!~~ !1a,t.~ of q.9:V~iepr.iunt of! a fire CL.'1d the cUstur!ce of' thi:.: ::l0t~ctor

fror.i t he ·fire:. Fig. 10 shows the rate of 'ri~e of tc,.~pc:cn.turo vihich night
. occur at va r-i.oua distances froD the ;:10$ t rapidly deveLopi.ng fire 3ho;rn in
Fig.·1. Hor.:l it ha s been as sur.icd that the detector is nount cd 3 in. br:llow
tho ceiling, and thc.t the fire ori.[;inatcd 8 ft. beLow the ceiling. It );'ay

be soen t ho t tlw tC:.1pcrutul"O rise with tL:e for the car'Iy stages of this fire
is approxi~tC'ly linec.r.

'rho ve Locaty ;.lco.surcnents 'were made by nocns of' a t.herrcocoupl.c nner.IOI:'.cter< 3) •
The Lns t ruuent \';.1.5 calibrated with air flO:/s o.t roo'::l tc;::perLttu~~c and. 200C{J •
Tho output for ,~ given naas f'Low was found to be o.1:.1ost independent of te"rper-
aturc OV0r this range. Since therc vaa cons i dc'rab.l e var-La t i.cn in the
te,·.:pcra turc of the air of \'!hieh the velocity was neasur'ed , the r.13.SS fl(J':,'
rcn.dings obtained frcn thc instru:::cnt have been reduced to an equivalent
veloci ty ;It z-oon tenpcrature (15Q.;), end this is the velocity referred to in
this note.

The distribution was first ncasurcd ,dth the fires 8.ft. baloN the coiling.
As \'!ith the t cnpez'abure r.ensurcecnt s , a ucan VC.1U0 over 1";' :~u.nutes at each
position Wo.s taken.

In Fig. 11 the velocity distribution is plotted for dcpths of ~. in., 3 in.
and. 6 in. bolc7.V the ceiling, for a 3' ft. dia.:.,otor f il'0. The !'igure ShCT"~S
toot, closo to tho fire, A :;~rkQd velooity g~·o.diont oy"iet:'i p01."pendioulo..r to,.
the ceiling. 'rh0.:rir velocity 3. in. below J.;h~ ceiling nas b.9q,n p~0tte~ ..~n· " \,.,,"~ .\ ,O,."%_

Pig. 12 for 1 ft., 2 ft., and 3 f~. di~~cter t~2YS. It c~n be seen'that the ­
velocity decreases with distance fro:., the fire.

l~ig. 13 shows that nt distar:ccs greatex than abput two diu:71etcrs rron
tht:; fire, an .approxdzate relation of the forr.1 V = .:l.. holds where

R

V is the velocity of ·the air. ~

'J is the distance fron the fire.
B is 0. const.::nt·: dependent on. the size ·of fii.'e.

' .•:"'"
Tte l~vcr velocities recorded close to the fire are.probnbly due to the

fact t ha't the aneronctcr- only ncasuz-ed that component of velocity paro.llel to
. the ceiling and closc' to .the fire the .air rises neurly vurtic:l1Jy•.

'i

ExpcriL.ents were also carried out with the 1 ft. and 2 ft. diar~ter trays
placed 4 ft. bel~1 the ceilins. It was' found·that vclooitiGS claaQ to thQ
oeiling 1'/01"6 It;mer than the oOrx'osponding values' for the firo.s 8 ft. below the
coiling, and, that. velocities 6 in. below the coiling \7CrC too .loy: for o.ny ,
reliable measurements to be t aken with the anenone tcz- used. . This indioo.tea
.a reduction in the thickness of the heated air layer. i. - " . . ~ . : . . . ,. . I

·l"ig. 14 shows the radial distribution of velocity ~ in~ be101'1 the eeil-ing i
for the two fires•. ·.It· c.an be 'seen ,that.,. thr~istrib\.ltion is again. governed by '!
an n.pproxir.nto I'eJ,.o.tion o.f the fOn.1·V. = i .though the 10.... velocitics , . .... !
encountered with the 1 ft. fire made rclic.ble raeasurercrrt difficult at distanoos

.greater than 10 ~t. fror.1 :the fire.. . . ..:- "'~' !
i.,

li"ig. 15 shows the variation Ln velocity withtll::le v:hieh r,ti.ght. be expected ', ::." " J,.

fro!:l the most rapidly deve'Lopfng fire 9f .. Fig •. 1..' An .approximabe relati.on I

between velocity and .~i;,le 'f-s,V .:=. Ct3~;:·~>.:_ ..:-, '::"_ J _ '.' - .:., 'j
-". : . .. -' .. ': ", {. ,...._.... : .•.. '., ..~ .:I.:.:'.~~ ~'.:: ..' .' '.~•• '~ .. ',. r

. " '. '. ..... ~.-..'. -'- - '3 : ':"'. ~ :: '. : ..:" ': .':'.' , "", .":' ~ .. ; '. "" " r r.
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T~10. t<.:r;t appara'tue should reprod.uce conditions v,hieh are :rcpre~\cntat:h:ve
of those wlri.ch occur in practice. It has been shown th:.t in general these
consist of an air flow with a uniforl:J1y-rising t empcrabure and. u rising
velocity. .

Tho acns.i, tivc elcrents of detectors arc. generally f,rotcctccl by shields
which have n .scr-ccndng effect and result in the'd0tcctor operating at different .'
ti::1CS undcz' the same tCr.1pcrature conditions, for different directions of n:ir .
flow. ':'ho cd.r flO',V in ,~hc.' test ap~~.ratus DUS t th~:C'cfol~C be direct Lona'l ,

The choice of velocity conditions is i::1portnnt sin't'c the operating tine
': .of' a detector \'.1.11 depend on the heat transfer to ·the sensitive· eLemerrt

..(Appendix I)' which in ·tunl is a function of vc'Locaty. Cor,'lparison of the
te:.r9Cl~1hire and velocity distributions show that it is not 'possible to .
associ~to Q fixed velocity variQtion with ~ given rate of rise of air ".
:t~r.peraturl? However, it can be shown (Appendix II) that the sensitivity.
ot de teet ora can be adequately assessed by testing t.hcm in a directional air
.fl~v with a constant. VcloQity of 89' ct./scc. Qud vdth'a linearly rising air'
·t·ei;1pcmture'. " . . . . .. : ' ,. ',;'. ..
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. ,4. CO!\T(;LUSIONS.
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.6. REFEP.ENC~ . ':
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The. conditions of air' flm7 to which' aheut 'sensitive detectol' will bo : ~ .'. \~
·subjeotoa.~ 'are' those of an 'inc'NOosing t er:lpero.turEl. ond va;l.ooity, the vulues of . ',il ,I.
which depend on .t he nature of .the fire and the position of. the detector with . '.::.;')
respect to the fire and the ceiling. . These conditions can be ~ir.n..l.lE.ttecl in a. ;' :,'1'
Illbomtory test by an air flow having an increasing ~emperature 'and a velocity; ',,:':"
of 80 c:·.fsec •. The air fl~:r .nus't be. ~rectiono.l s irice the' operating tiL"le of .: : .: ,:' ... ,.1
a detector I':JlJ.y vary wi~h t~· direction' of the air· streo.Jjl. . . '. . ':, .. :~ ·,.···1

-...' 5. AcKN01rr=;~ ...: .:', .:;:<))1
l~ir. ','f., Rosa :',ass'i~t'ed 'in ,the .e~i:perimeJ:1tal.work: . /.'.: -;": .. ':':..:-1

. ~ 'I,
"'j

.', . ' .... , :.. :X!
• ~.' . I

(1) Tests carri~<l aut'·"t thO ·J?liuding Researcn Station'- unpublish~<l. .,' .•. :~I

'.. (2)' 'ThOm:t~"··':~~~.·'·:·>·~h~·:·di~.t~b~ti~~::·:o~·t'efi~~~at:~~e '~d ·ijelO~~Y.·.; '~o"'<' ": ~. " .. <'j
, " .. fires 'beneabh ceilirigs·.' .' F.R.Note···~o" lW1"95S'. ".' :.'; ' ":': : ; :';"\

.(3)·~e~se~~: ..~~"·F" an4 Ha'~'~:·~~ R:.:~':·:~ ..:i~·~cO~Pl~ '~elllO;;l~t~';'~':,~:,/:.':':'.: ..:.: :.. "<: "'~"".' ..,;Jf
: , J ~ -S~~t~,ioilrv~t~ents.,.· APru:i.9S5,: Vol,' 32: N? 4."': .r,>.,-:,' ';(;;... :.. ' .'"' "... ' ,: '. '.:.t.I
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AFPENDD: I

J'!:c__t.c.;~!1l~.ra t1:!.r:e~ Xis.e.. ,.o.f.. .cl~\ _e)..~"1Cn.t. .~;~lple.s.t ..t,o..an, _aJ..r_iJ.cYf..Q[
.i.rlCx.e.u.s.iPlI tC!'!l?e.:r.['-,t.U}.~e..Cl}lq .c<?P§.tMl.t. .v.o.1,o_cJ..tt

A3:.lUf.1 i nS no hCll1t ·lq ...nc~, t.hc tC:'::pcro.ture rise e of nn cLexerrt at any
tir.1C t aub j ec.t : to a const:.lnt ve l ocaty air f'Low ,vi th 11 lineJ..rly-increasing
tei:,pCr.:lture of:>(.· OC per second is given by .

,HA (xt - e,) = C.~ ••••••••......•...••••••.• • • • (1)

where H i3 the convective heat transfer cocfficiont to the clc;~cnt.

C :i:J the;: t::cr.:.al cnpac i ty of, tho cl,:;;:c!lt.

A so.Iuti.on of Equation 11 if 8 = 0 when t :;: 0, i5

.c~ ::.J 1+ _ C (1 _(' -iiAt~) (21v ""'l" HA'. : -r;--y..................... I
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APP.ENDIX II

, Since it is, not possible to' associate a fixed velocity v¢aticin .with a.
given ra~e of, rise of, air temperature it is necessary to examdne the two ,
exbzeme conditions t,o which. detectors are likely to be subjected'. Ins~itive

detectors should be instaJJ.ed close together and thus, being near the fire will'
be subjected to the most rapid rates, of rise of velocity, whil$t the more
sensitive detectors fUrther from the fire will be subjected to lower velocities.
Assuming that the minimum spacing for detectors is that of a sprinkler, namely
10 ft, then Fig.12 sho,'s that the detector might be subjeoted to a r:l.sing
velooity vaIjdng between about 0 and 200 em per second before it operates.
At large distances from the fire the detector is probab~ subjected to a
constant velocity of about 30 em per second (Fig.12) • These,. then J can be.

_taken as the extreme velocity conditions likely to occur. '

The aot--ual variation in operating time with velocity will vary with
different designs of detector as illustrated in Fig.16. These results were
obtained by subjeoting four deteotors to an air flow, the temperature of which
was raised at 1000 per minute, at constant velocities varying from 60 to 240 cm
per seocm.d.

It is also possible to make an estimate of a detector's perfonnance under
the extreme velocity canditions. The shape and dimensions, of the seneitive
elements,of most heat-sensitive detectors are such that, with the velocities
encourrber-ed, the maximum variation of the heat transfer coefficient H with
velocity V would be given by(4)

H =' Byk·

where B is a constant.

It 'has been shown in Appendix I how the temperature rise of ~ sensitiv~
element depends on the' value H, and this relation has been U3~d to calculate
the temperature rise of elements subj ected to an air :£'low with a. constant
velocity of 30 em per second (Fig.17) and a velocity r.i.sing from 0 tQ 200 em
per aecond in 5 minutes (Fig.18), according to the relation given in
Section 2.4. The results' are shown in both- figures ffJr a rate of rise of
air temperature of 3()OC pe~ minute for three elements having values of
HA = 0.01, 0.03 and 0.10 sec....1 at 100 em per second, A being the area. of
-0- th'3 element and C its thennal capacity. These values are typical for'
detectors with low, medium and high sensttivities. .

In pI'a.1)tice, the time for a detector to reach a given temperature rise
would lie between the limits set by the above Velocity conditions. The mean
of the times of Figs. 17 and 18, to reach any given temperature rise betwem
o and 6OOC, is shown in Fig.19. Fig.20 shows the results to be expected
assumdng a constant veloci'o/ of 80 em per aeeond,

Comparison of' Fig.19 'and Fig..20 shows that in the case of the detectors
wi~ a high and medium sensitivi,ty the time taken to reach any given
'temperature is almost the same, whilst with the low sensitivity detector the
meen time is about 10 seconds longer than the time given by a constant
11':,;:looity of 80 em per second. Since, however, low-sensitivity detectors are
likely to be situated. close to the fire, a shorter time than the mean value
would be expected :in practice as the conditioiis here will be those of. rising
velocity.

It is concluded that the sensitivity of detectors can be asaeseed by
testing them under the conditiona of a directional air flow with a linearly­
rising temperature, and a constan~ velocity of 80 em per aecond,
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