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The thermal conditions to which heat-sensitive firs detectors 1
4 4
rmust respond when a fire ocsdurs have been investigated, The g
resulting knowledge of the air termeretures and velocities beneath o
the ceiling of the room involved, has been used in swuigesting a T
test procsdure for the p;rfoxruncc of-heat-sensitive dctectors., LR
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. out to -deterrine the conditions to .which a-heet-sensitive detector should
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THE TEEZ MAL TESTING OF HEAT-SENSITIVE PIRE DETINTORS ‘ i

by . B

R, W, Pickard, D. iird . and P, flach

1. TNTTODICTION

A test procedure for hoat-sensitive fire detectors -is specified in
British Standurd Godo ef Pragtice C.P. 337.L0L/002,801, Mhigss taata were to
ba revisad in the Llight of an investipgation now being inade at the Jeint Fire
Dlesearch Organization. This note describes the werk which has heen carried

responad,

2, DETERMINATION OF AIR VEBICCITY AND TIMFEUATURE DISTRIBUTIONS | :

NEA® 4 PLAT CLILIEG

2.1 Zxuweriiental fires g :

The time for a detector to operate is largely governed by the temperature
and velocity of the air which flows past it. In order to reproduce these
tetmeratures and velocities, different-sized trays of ethylated spirit, each
having a heat output (Table 1) equivalent to that of a particular stage in the
devclopment of a fTire, were burnt bencath a ceiling, ' '
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Typical values of heat output during the development of a fire were - .
obtained from measurenents of the rate of 'loss of weight during the burming of ;
1/10th scale furnished model rooms. liodels with both corbustible and :
incorbustible linings were used, flashover occurring at 5% and 13% minutes Co
respectively, These results were corpared with those for a full-secale room(l) : ﬂ
. in which flashover occurred at approximately the same tine, and there was found f
to be a olose agreement., Purther results were computed from measurements taken o
during a full-scale slowly-developing fire. - - Fig. 1 shows the relation between. 2
heat output and time for these fires. ' e R ' SR p o
2.2 Temperature distribution bencath a ceiling - b
The temperature distribution of air close to a ceiling due to a fire R PR
bencath has been discussed theorctically elsewhere(2> but there are few experi-.» . . . | -
mental results available., - Por the present investigation, a flat ceiling R P
24 5. x 20 ft,, unrestricted at its cdges and mounted 10 ft, above the floor PR
of a substantially draught-free room, was used. . The trays of methylated spirit, ' ./ ¢
were supported with their liquid surfaces 8 ft.. below the ceiling (Fig, ),  -:-.u-, i |
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he olr termerature was ea::ured by a cord of . thlrtee*'x .,o S,W.C, o
c:mo‘".e;./alu el *ner'xocouples set vertically at 1 in, intervals, the top gy
theraecouple being % in, below the surface of the ceiling, The ther:ocouples

were placed at a kno‘.m distance from the vertical axis of the fire, which wes ot
allowed to burn for 2 ninutes to obtain ‘stable conditions before any measurc- '
ments were taken, The output fron the thermocoupleés was recorded autorati-
cally, a typical trace being.shovm in ¥ 1.:‘5 3. Owing to the lorge fluctuations ..
in air terperature, a mean value over l, dnutes was taken, This procedure o
TIAS r*p»atcd for distafices up to 15 f't. rm tho vertical axis of ths five, '~
foxr cach of' the four sizes of tray. : i

Considering first the temperature distribution perpendicular to the
ceiling, ..he results shored that while there was no marked temperature gradient
over the 12% inches covered by the thoravootples, touperatures elose to the o
ceiling were slightly lower than those at greater distances Fig. 4 shows
the temperzture 3 in, below the ceiling as corpared vith the wwean toemperature -
between 1t and 35 in., for distances up to 15 feet from & fire in a 2 ft.
diameter tray. The lower terperature close to the ceiling is probably due to
heat losses to it. :

ca . f.
P T A R A

The radial terperaturc distribution was then c¢xaxined., Since there was
no rarved terperaturc gradient at distances greater than 1F in. below the .
ceiling, it was asswied that the sensitive clernent would be qU.OJt.CtOd to an
air terperature represented by the mean value between 1% and 3% ins.

Rig. 5 shows, for the four sizes of‘ tra.y, how. the nean teimercture rise A
of the air within this band varies with the distance froun the fire. _ . 4

¥g. 6 shows that the terperature rise can be rclated to the distance - R
from the fire by an equation of the fomm’ - ¥

- A ' :
./-jn--. . ) .

where & is the temperature rise
T is the distance from the fire .
A.is a constant dcpendent on the size of the fire,

. n/pcm’xenfs were also maede using the 1 £6, and 2 £t. dianeter traeys
mownted with their liquild surface 4 ft. below the cciling and showed that there
was a marked te"xperaturo grachcnt perpendicular to the celllng , 25 can be seen
in Fig. 7. .

S
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Fig. 8 corpares the radial distribution of temperature, % in, bclow the ;
ceiling, with the fires mounted 4 Tt. and 8 £, below it, It

]
can be seen R
that, closec to the ceiling, higher values of temperature rise are obtained as S
the distancc between the firc and ceiling is decreased. . .

Fig. 9 shows the radial distributlon of terperature 3 in, belaow the ceili.ng

and it can be secn that with the fire 4 ft. below the ceiling -the temperature .
rise is again govorned by the approximato relation . -

e -

2,3 Discussion of ter:;_perature dist_x'iﬁﬁtion" . . I

. . L ;
The air te"ipcrature rise at a point near a cc:.ling duc to a. fu'c beneath ;  ” ' T
1t is govemed by the follom.ng f’aotors-- o T ST I
(l) The size of the flro. o ‘f:':' e N R i
2) The distance from the axis of the fire. o L S .,_-.-._'. AT e
3) The distance between the fire and ceiling. = I AR

L) The depth below the ceillng at whlch the terrperature isincasured
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2.4 V_cg_l_o_c_ijc_y_cli_ia_gi_@qtion

.botween velocity and tlne ia V= ot3,

¢

These factors will govern the placing of detcctors. Since therc is likely to
be a marked terperature gradient perpendicular to the ceiling if the fire is
closc to it, it appecars to be advisable to mount detectors uso.that the sensitive
eleirent is not less than 1 ineh and not more ihan about 3 in, beloy the ceiling.

i The mte of terperature rise €6 whish a detector way e qubgeckbd wiil
depend op hhe rate cf develeprient of a fire wnd the distunce of the q\%bctor -

from the fire, ¥Fig, 10 shows the rate of Tise of icupersbure which rdgnt

‘oceur at various distances from the most rapidly developing fire shom in

Fig. 1. Here it has been asswied that the detector is mountcd 3 in. below
the ceiling, and thot the fire originated 8 ft. below the ceiling. It ray
be secen that the taperature rise with tive for the carly stages of this fire
is approximately linear,

The velocity ncasurenents werc made by meons of a thermocourle nneimnmter(5).
The instrunent woas calibrated with air flows at rocia temperature and 2009C,
The output for a given mass flow was found to be aluost independent of tenper-
ature over this range. Since there was considerable wvariation in the ‘
temperature of the air of which the velocity wes measured, the mnass flow
readings obtained fraa the insirrient have been reduced to an equivalent
velocity at rooi: temperature (ISQL) end this is the velocity referred to in
this note.

The distribution was first neasured : s th the fires 8 fi. below the ceiling.,
As with the tcioperature xeasurc“ents, a uean valuc over 13 minutes at edch |
positien was taken.

In Fig. 11 the velocity distribution ia plottcd for decpths of % in., 3 in.
and 6 in, bolow the ceiling, for a 3 ft, dla.cter fire, The figure shows
that, close to tho fire, a 'mrkcd velooity gradiont oxtats porpendicular to .
the ceiling. The air v01001ty 5.in. below the cexl;ng has begn plotted, *n N
Fig, 12 for 1 £t., 2 ft., and 3 £, diaccter troys, £ can be seed’ Ehat the -
velocity decieases with distance froa the fire.

. Tig. 13 shows that at distances greater than about two diameters from
the fire, an approximate relation of the form V. = :I holds where

*q

V is the velocity.of~the aif._
T is the distance from the fire,
D is a constant: dependent on.the size -of five.

The lower velocities rcecorded close to the fire are probably due to the

fact that the anemocicter only neasured that component of velocity parallel to
* the cclllng and close to the fire the-air riscs nearly vurtlcally

5
Expcr ;ents were also carried out with the 1 ft, and 2 ft. diarcter trdys
placed 4 ft. below the coiling. It was found that velooities closa to the
celling were lower than the oorrosponding values for the fires 8 fi. below the
cciling, and that velocities 6 in. below the coiling were too low for any
reliable measurcments to be taken with the anemormeter used. Thls indlc&tes

8 rcduction in thc thickness of the heatod air layer,

"¥ig. 14 showa the radial dlstribution of vclocity % in, below the celllng
for the two fires, - It can bc seen that th dlstrzbutlon is again governed by
an approximate relation of the form'V. = % thoz..gh the low velocitics

encountered with the 1 ft fire nade rcllgble 1@&8uIEﬁent difficult at dlstanccs
greater than 10 f't, fron the fire.. -~~~ . A G SR

Tig. 15 shows the varlatlon in. v01001ty w1th time which mlght be expected };;,‘

from the most rapidly develqping fire Qf Fig.-l, An approxlnate rulation
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- 2,5 Disgussion of velocity distribution =

* been develc;pmg (ng. 15)

- velocity. =~ ) o N
.2of a detector will depend on the heat transfer to the sensitive clement - : e

(Appendix I} which in.tumm is a function of velocity. Comparison of the _ T

. of 80 ciy/sec.  The air flaw Tmst be d_mrectional since the’ operatlng 'c:.ne of EEREI

' _(1) Tests. camed out at the Bu:.ld.mg Research Stat:.on - unpubl:.shed N

(2) LhO"ﬁS P H = The dlstrlbutlon of tenperature and Velocn.ty due to

(3) Ben.,em.n R F. and Hart “He R‘." - -A ‘thermocouple a.nel.zo.neter,,? it

As a firc dcvelops a detcctor will"'t;e subjected. £t an eir strman of
increasing velocity. The rate of rise of velocity will dcpend on the .
distance of the detector from the fire and the time for which the fire has'

- .-
. l . . (Y
*,4.' :

. The mullcr the distmcc between the fire and the cc:.l:mg, tqe less the . A
th:.ckncss of 'the layer of heatéd air will be,’ ‘This wes also suggested by - o as
the tes lpcra;.urc neasureients and w1ll slmlarly govcrn the s:Ltlng of clr_tectors i
with respect to the cellmg. ; S . : A

3, TEST CONDITIONS o ' Con
The tost apparatus should reproduce conditions v hlcb are rcpre».‘on\tatjwe N & Wiet
of thosc which occur in practice. It has been shovm that in gencral these
consist of an air flow with a unlfornly-rlslng tenperature and rising

The scnsitive elements of ‘dotectors are. generally protccted by shields
which have a ‘screcning effect and result in the detector operating at different
times under the same terperature conditions, for different directions of air
flow., The adr flow in the 'test apparatus r.uist therefore be dircctional,

The choice of velocity conditions is important since the operating time
teswcruture and veloeity distributions show that it is not possible to

associate a fixed velocity variation with a given rate of rise of air
stemperature.  However, it can be shown (Appendix 1T} that the sensitivity.

of detectors can be adcquately assessed by testing them in a directional air

flow with 2 constant veloc:.ty of 80 cq/scc. :md m.th a lmcarly rls:mg air . ,.'

-tenpemturc. . . R . Do R
’ o ok CONCLUSIONS ; . R '

The, conditions of air flow to which & heat sellsltlve detector w:.ll be . i
subjectod are those of an- incree. ing temperature. and velceity, the values of . r‘
which dupend on the nature of .the fire and the position of the detector with e
respect to the fire and the ceiling. These conditions can be sirmdated ina ~ - 7.
laboratory test by an air flow having an mcreasmg temperature and a veloc:.ty :

a detector my vaxy w1th tb.e dlrect:.on of the air stream, L .
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The tonperature rise of an element

Agsuming no hoat 'loe.ne;:, the termperature rise © of an aler
tinme ¢ su’bject'tq a constant velocity air flow
teperature of X' U per second is given by

4 solution of Equation 1, i

f &
© = afi - fr oo A

AFPENDITY T

subject to an air flov of
Ancreasing serperature and orstant velocity

ent at any
with a linearly-incregsing

= ’F:' = -de L R e
HA (=t - & CSF - (1)

the convective heat transfer coefficicnt to the elencnt,
the argn ef the clecuent.
the theral capacity of the clcaent.

= Ownent = 0, is

".‘.l..'.l"ll.ll‘p.(z)

semem e mmare

P y——

- Shcapsil i

e e e e e v s

-




S wEa t
EEECRE S .

e

APPENDIX IT

. Since it is not possible to associate a fixed velocity variatiom with a
given rate of rise of air temperature it is necessary to examine the two .
extrene conditions to which detectors are likely to be subjected., Insensitive

-~ detectors should be installed close together and thus being near the fire will '

be subjected to the most rapid rates of rise of veloclty, whilst the more
sensitive detectors further from the fire will be subjected to lower velocities,
Assuming that the minimum spacing for detestors is that of a sprinkler, namely
10 ft, then Fig,12 shows that the detector might be subjected to a rising
velocity varying between about O and 200 cm per second before it operates.

At large distances from the fire the detector is probably subjected to a
constant velocity of about 30 cm per second (Fig.12), These, .then, can be

) _taken as the extreme velocity conditions likely to occur,

The actual variation in operating time with velocity will vary with
different designs of detector as illustrated in Fig,16, These results were
obtained by subjecting four detectors to an air flow, the temperature of which
was raised at 10°C per minute, at constant velocities varying from 60 to 240 cm
per secand, '

It is also possible to make an estimate of a detector's performance under
the extreme velocity conditions. The shepe and dimensions of the sensitive
elements of most heat-sensitive detectors are such that, with the velccities
encountered, the maximum variation of the heat transfer coefficient H with
velocity V would be given by(k)

.H =BV%-

where B 1s a constant,

It has been shown in Appendix I how the temperature rise of a sensitive
element depends on the value H, and this relation has been used to calculats .
the temperature rise of elements subjected to an air flow with a canstant
velocity of 30 cm per second (Fig,1l7) and a velocity rising from O to 200 cm
per second in 5 minutes (Eig.lB) , according to the relation given in
Sectiom 2.4, The results are shown in both: figures for a rate of rise of
air temperature of 300C per minute for three elements having values of
HA = 0,01, 0,03 and 0,10 sec.=! at 100 cu per second, A being the area of
T” the element snd C its thermal capacity. These values are typical for
detectors with low, medium and high sensitivities, - '

In prastice, 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 between
0 and 80°C, is shown in Fig.,19, Fig,20 shows the results to be expected
assuning a canstant velocity of 80 cm per second,

Comparison of Fig,l9 and Fig,20 shows that in the case of the detectors
with a high and medium sensitivity the time takem to reach any given
temperature is almost the same, whilst with the low sensitivity detector the
vesn time is about 10 seconds longer than the time given by a constant
velocity of 80 cm per secand. Since, however, low-sensitivity detectars are
likely to be situated close to the fire, a shorter time than the mean value
would be expected in practice as the conditlons here will be those of rising
velocity.

It is concluded that the sensitivity of detectors can be assesgsed by
testing them under the conditions of a directional air flow with a linearly-
rising temperature, and a comstant velocity of 80 cm per second.,
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