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Ji()ut tl'~lt1nfcr c coi'I'Icxcrrt
tb~n\',J condl.lctivity· or tho g~\!3cn

k1n(l.d;:t18 vi:1Go,Lity of the !:.1\8'-'S
t 1":1' 11 :l1 dii'r\l~J:i.v:Lt.\l of' the G(lm:..:
VU 1<X' it:/ of' the: r~,wcz

!~\llt:: 0'029 Ny':\
NfV..111 !;lu i~lUJ:Jc1t No.

Nf't in UII] I'rundtL No.

/t.;'\r. L ·~IK.: :.cyno'Ld t 13 Ira.

f( b tllC
II i.', t11('
J i e 1.1\<.
~ in Lho
t·{ j.~l u..and

Vie have

una. frol,j equal.Lona (-() lend (Il)

Uc ;: 13, 3 ft/::cc.
ThiD in n Olllximum cfltJ~nnto \'Ihidi [,J.J.O·;lt.I foJ' no 'lrM rlllO to tho ontr: Jlinp:
of r.J.r OtltDirlu tIll. fl!ri! ":~l (!'~'J'·1',.n "(\\,ourubl, l'll'th Ill: l);,h;'r' I;ntin'l{;o
'11(1) C1W;c;lldJn <li' the: n",r,,(;, -, 111: .i;:I·n~b:',hl.v fot'I;"\:tt;l.(>ul1 :tU',otll cotin:1too
/11',' P:Q nbly too h:l.:rll,· , • '

I'

Beyond (I r ad ius of 2 i't , ';iC IW~Y t"k,: voLocit v a:d tompcl'nturc 1'\5

Lnver-se Iy propor t i on.d. 1;0 -('. F'i> (> iltFl"3) \:11 f:hcr':'forc t!.lk~

'l'ho 100 1 horrt trlllltJ ('(iT.' coc i't' ic iI'n [. 1'01' n t urbuf.cn t boundary Inycr,
at n dintnneo :(~ li1tmL~ n f.L'.t pLn t c i,1 i.iv;;·n by C:,.)

Tho hCllt trnnllr(.r:·~:d to the cc U:iliF:' mn,! hi) i_,()t:\mnt~tl uppr-oxdmn t.eLy
M 1'0110', n,

rbI·UH::lr.J ,;etw1l t hc T'rrtndt.l /0. l'I:~:r be: tl'.kuJ: :1110'71 nnd then t ho !Jtlss(~lt

No. N1( .... in n:.;btc(1, to the: 1·~,;:'rlOJd" :'~o. 1v;,,1:. b:: tli:.: folIO-ding
cxprcD310n

\';h~:T'C '( hI in Ct.
Since dat n t'or ri;dinl flCTOI hoat trnmlt'or L\.X'tl not avalInblc W0 nasumo
c qu'vt i.on (1l~) for a fht 'pInto to apply to this COS0.

,) := 26 x 1~55rt2/~ at ;00°0
K :: 3 x 10 C.G.". uriLts [It 100°0

0' ,
end 'cLc total hc"t trnn:Ji'c.:r VIUhin the; unnuul.ue 0'>Y):J. is c aIcuLrrtcd
as 2,000 call3/~;cc. 'dithin!l cirole of' r edaus 2 ft. tA. is tn.,"=on 00

13 ft/ncc end 9 eo 200 und the' h'~nt tronsfo)r io culculn tud as 870 cUlo/
sec L, c, 1.'. total 01' noar-Iy ,3,000 cala/scc.

I
The totn~ hod in the: 13(1:5(,;1,; at r'addus 8

'is 6) :: ;)'iI.t,C,(~)·j~··c}:d.·~f
\ (.) I I \ .~

'111wro p", C are,·tho density end spccifio:hcntat coristn~t 'pressure of
the .'1QSca nt 2500. The 'c:cpcrimcntal datu for tcntpcroturo and' the assumed
distri~ltion for velocity (Qq~otion (8)) ot n rndius of8 ft~ were integrated
and the v~luo roi:" C{ cn:1culiltcd, aa ·I,6,800,euis/scc. The hent los+' to .

~ . "' ..,.'... .,". ...." .... ,. . . .
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It io ncen f rom Fig~o (7) whcre c9t19c. io plotted qgainat ......;;( thLlt for
the larger fire "-/4. illl conntont'; hut 1:1 not on far the nmnl1er fu:o_

It ,is not ,pos~iblu to;ovu.lu8to "tC' without knowing b. and thin ja 'only "
ktiC(wn in tho rengq o1""'/eL where tho two ourvcs divergo.' In this range,
'tho,'tl1ickIlCOIl of thelnyor in thu8Tlll111 Mille teat is approxirnatoly q. in.
and 1£th18 value i.g t akon, 1"\.. cquaLn (j.013. 'l'he roUo of \/" to f1\..(.
the lTl!\XilllUm vo Locdty U... in approxdmu to ly Q. OJt•

3.3. ,~ ~cncnB of the he Iltccl byor

It han boon shown above that tlln t1icl:noso of the heated lo.yCl' may
'V expected to be of the rom

A ol. ot R..
4 I-'tq.

whore it is the .I'atc of h~at eVOlution pI r unit nrc a of fir'c
(; is tim d:lllmctur of the fir(:. -

and L io tho dintLlnco of' tho fi.re bo Low the: coiling.
In tho small-oc::nle exporiment the thicknc::ls Ii Vias 'PructicnUy constnnt
over a range in II "of 3 to 1, In t ho spruading of turbtll~Jl1t atruams
it is [T,cncrnll,y ansumcd that beyond n cc rt.am dIs tanco frcm the finito
origin of tho ,kt the spread may bo taken fl:'l proportionnl: to t l-c distance
along the nxb of tho at roum, Hovovcr tho distllnCCIJ Invotvcd in these
oxpcr-Imcrrtn nrc not: large enough in relation to the size' of' rho fire
for this to be CI r caaonab Ic flfJ lJllf!\ption. Owing, moreover, to tho
buoyancy of tho heated, gases thurc itl II lJn~!.;lmrQ grr.uUoht l',long the
atruam which incrcl.1::ws 'the momentum rndiL'lly. Some attempt has been
made to uno von lC!:,t~:"l:rJ,'C momentum e qurrt i on for tho heated Layer moving
rudiolly ..lith I). pre osure term derived I'rom the 'cor;:lid~rations given
section (2-24), but I'ur-thc r work mU13t be done: bct'cro a r.::utiafactory
Mlllyai:3 is !:osoiblc. ",

Tho tcmpcrl.'.ture distri,bution uo:'lar au open ,ioistcd ceiling is shown
in Fig. (<1). j\.leng tho centre gul Iey tho bempcratur-o may bo regarded
80 almost constant. 'rho tcmpcrn tur-c along the coiling L\Crc.'OD the
joisto i:J shown in r'ig. (tq from which it is seen that, it falls almost
tilicc as rapidly as for a, n!lt co iling. The temperatures perpendicular
to the ooiling for t wo ponitions along the axrs p-Jrp.:ndiculnr the
direction of tile .jOi::Jt1' !U'C 'shown in Fig. (l JJ. .

'I'}w va Lues of vulocity 8 it alcng tho gulLeys Qrc shown in 'fr'l)lc (1).

TABLE 1

~iti.cs in the /3'.lllays of open .ioisted ceilings

I Velocity in 1't/ooo ..
GUlley over ~ Gullie 8 next 't 0 Guilies next but ono to

firo one eNO'l' fire that over tho fire
" -

Top half of 3·0 1-2 ---gullcy

Lovier half 2'5 1-3 1·!
of gullcy

, .

..
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'i' TABLE, (2)

001oulntod:6onfigurntion fncto~n mld radiation

~

I -
i
I "'ill I 11
I (ft) P 01:\18 CE\-2

! DOC
I

i-' --
i 3-} 0·027 0·019

-
4"$ 0'020 O' 01J~

.~I --_.-.... _.-... ....._".- _.~ _..-......- ...r--'---"

I G.1,

I~'
0'010 0'007 ~

I
oJ

!
..._------

I 7-j-
!

0'008 0'0056 I
I

I i,

vn"iucs of H 1'0::' :l f'Lamo tcmpcrrvturc of 1 ,000°0 con now bo cnloulnted
and arc olso ,give~ in Tnhle ~2).

"Data for the velocities [It vC\l'ioLlS points had to be assumed. It
has been shown oLacwhcrc thnt maximum V0looit5.l's lA .... for various l?oinb

:'tllong the coilbg r.or thio fire may be estimated from equation (7),
(15)-'rind (16)i-" . ,

i.e. I 1 = t9!1
V\~ 14

wb..:;;C: U.'ij,i1 in :rt/~cc.

In addd,tim r;0 hxv o

.A :: 1," 3 aq, Cr.1 f·.lr :!. he at.ed length of 7 (.,111

CUld C :: 0·77' cnJ/oO.
The tC'tol thcn,lEll o~'Pooity for n loneth of 8- 5 VIM found cxpcrimentnl1y
as 0·rj 5 oal/oo. Bof'cre applying these c1::\te. tocnlcule.tc " II from
equation (36) VIC must investigote the effect of uneven hooting en the
opernt:"on of' tho bimctl\llic strip. The alarms uSl3d had n rnted
oper-a't ing temperature c.r 65°0. If it is assumed that this ref'er s to
uniform heating' end thD.~ the ambient ter"pcratUl'c i ~ 17°0 it can be shown
'that h::ating t.hrough 1:', cl)1.ll1dnry laYer of a thickn~ ss whf.ch incrcnscs
from the fixerl end of the strip to the free· end, it can be shown that a
mean ris~ in strip temperatura of less than 48°0 will oper-atro the alarm.
This is discussed in Appondix I where it is sh ovn that for c~hc condition

, of' these experiments a mean tomperature rnnging from 38°0 to 42°0
accorddng to the time of operation are sufficient•

. This, although applying to the projecting nlarm assUming convection
to" be predominant to rndiationdoes not apply to the nlonn in the plane
of the: ceiling vl'her,.:.' the: uOUriUEtl~ ,lny.er-·m~.not ,be expected .to ver:l- much
over the length of the heated strip. Thus to.king the values given :in
Appendix I as the effective opcrating .t,emperaturc for the projecting
alarm and 50°0 for tho r..lnnn in the p'Lane of tho ceiling, we lIlt\Y .
calculnte from equation (36) the opening timos for tho two olarms.
These nnd the measured '~irnos ore c:iven in Table (3).
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'l'ABLE (3)

,QEcning times for alarm above t~;:ro

79

370

53

52

250

I
Mouourcd

~~nn~~, !
300 sees '

!

34

I 122

'--r------;-----+,---'----
I 262

30y
-'

! lJ,j-
I
!,--
I

~
6~;

7~

I

I _ , lJpcrD.td.ni~ time_'S_(_8_C_C_) -t

~ !'
Dhl'Grmcc from I Bimetnllic s:trip I Bimotallic strip
centr-e (ll' fire ,2 in. below coiling I ~.n plano of ceiling

(n) 1 ...,... -+_-----.,.------t
! i

1 --+~Ut'Od IOlllCU;,_D._t_cd_t- -t-culculated

I

The rceul.t s for the test at ,~ ft. cugges t tlle alarms may not have
been adcquat.c Iy cooled after t.ho pravicua test. Otherwise tho agreement
i1.l an satisfactory us con be expected in vicYlof'the: nature of the
assumptions rnade ,

7. Discussion una. \ onc Lusaons

~..,r'1c experimental dat a for the vo'Looi ty and tampernturc
distribution hnvo boon partly dntc rprctcd in the liE(,t of heat transfer
t' cory, and there is some evidence that experiments may be scaled in
cize, though this woul.d require more cxpcriinontnl data than is uv:?ilable
at present for the principle to be nmde use of.

El()mentnry theory wou'ld scam to be insufficient to nocount for the
apparent ccnet.ancy ot' the' thickne as of the hoatcd layer. Also it is
noccsnary to measure t.l:e velocity of the heated gases directly at
vardous points of the flO'.l pabtcrn in any future work. Tho heat t:ro.n3-
ferred to the ceiling is, for tho fires of the size discussed here, D.

small fraction, nbout 15 per cent of the total hent o.vllHnble, sO that
the use of' n forrnuln valid f,or 1<;>ngituc1inal flm1 for flO': f'rom 'u' central
cxds may 'mIl be s'i.:fficiC'ntly accurate. However, ifH is desired to
estimate this quantity closely this method of calCUlation is open to
objection. Measurenlent~ rather than estimates made of flame radiation
for different fires w\)\~:'d be required as well.

The results that have been obtained shoVi that some further
conatdcrntdon must"ue given to the siting' of ni!-,.:r.ms 1l11d sprinklers.' ,~or

flat ceilings it has heon shown that the scn"i~ive clement must be at
least 2 in. beLow 3. fla:\; ceiling and any Las flow' to i t unobstructed.;
If tho alarms are, say', 12 in. be low .bhe ceiling they will operate only
if the radiation is great enough for ,the fire 'directly beneath them. " A

.'co)l1parison of flat arid: open' joisted ceiling~ shows that the latter may
make a ccnsddez-abl,e diI'fcrence in the curly sto.e;es of a fire. This
suggests that the square bttice arrangement is, from the aspect of
detection. lcs5sensitive than the diamond lattice.
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(43)

(48)

(46)

(47)

('j ,.
I

and. (l~~)

B8

Figure

and

Hence from equations

From Figure (1 p) VIC have

APPENDIX I

The bimetallic strip operntpe by deflecting ito free end 11
cortain umourrt, ' " "

r .... __ - 1·.t.4 ~.,:. .,t bimetallic st:r:-ip ,

and

E'or uni fortn he at ing we hove

Wcrissumo that tho curvature at nr~y "x" is proportional toth<J local
rise in temperature.

The Ill".rm operat~13 when 1'< recche s a critical value ~t

1.-
l\ c.. -:I' • ,B -e ef

. "2-
Hence from e qua'tLons (45 anD (47)

a, [kf~~
D .:l



(51)

(52)

'::,0

I
&1'" ::'

I it

e := l. () (A~,::'I) ':t c( X
I) .

~~7.. r.::): ~C Ad.e __
, (' ,_,I. JJ'~

l/z .',
>t' -- - cl.1d tcl~c tl'e coc ine transform (lcnoted by

if

:~nloull11;e t ho r at.io1:\![i .'

',,'\1 ~c Aiii the strip t.hicknc s a
I~ b t 110 strip t hc rtna I Gl/I;rlucLiv:i.ty
p is .ho :.:trip cknsity
'c i:", tho :-~; ri; tiJ..1cclf1c hL:l..1t
A if) ~) con.rt nct ,

vhe re (Jr.. in the di:Jt,:,iblltion of' uneven huati11p'; pr-oduo ing operation
of' +"'() alnrm.
'de nO\! define " crl t i crd Il t.rip

" p
( (9d,,;)(

p.. I

2 ~~r'<f -1,('1");'-;:: ~:~I>"
(..'tv. I""~'I

-n ;;:
NCt;Jl:I~ ~inr; :;uc:rluct ion :.,10n£, the sedp ~m;J lIGouning t 1i'1 t ',he EllS stream
hun n 1;<':l",l!Wn,turu [,1",:[\ t1y in 0XC'''::;~ of the tC::1PC ro'.ill'I.:::I l:'utlch(.!d by the
strip vo can '"trl t c ihn L the LL:lil(JU:l"LIL U!"G i;,t ;~L ~l)c,int il: J··..ro·JOJ:--ticnn.l- , '.' .,
to ";G -'~':'. thL.;, ot' ('('\11-:";, v i.lI nut hold ;,ood ricer ;~_(,q'1(\l -:::;1'0 but
if tld:\ 1'0::'"'.:1 :LE ln~L;,'~: I ',1\ "'1'J"t1.on (1,.9) ','to obt:lin '

I

(Jr'
- :;-; O'7f;

rJfJ
It 10 poncib'l c to tr-:<e account of the effect of conduction ::Alont" tho
strip even if It :ifl not c nsy La !l:!.~,O·,i di.rcc t Iy for the lom;rini:, of hoot
trlJJ\~lfer b. the 1'1:'1.) in tct:\"cr:,ture of t he ~1 ,.rip,.

'I:; UOrj\lhr) t:iwt no h.at ii' 10[1t 01; the ends of the ends of the strip i.e.

lienee

ii'or an initial t(;.mpe:r'at~l·(; .of :1:01'0 ":i) have from (52)
"l, . '_..

ij~ _t;<"''- (1- .{1r'r'iU\.('ii ~p tJ...oI 01..

If 2. F'1· I( t1 \. )~ .~ I; (53)

whCru ~ ~ l(ffC

Inverti11£', the t:r.nn3form according to the form

(J -:::- 8e~o -I- 1= L e Un r»
-rr 7[12.:. :., .



Hence

Also from e quab ion (1;.9)

() 'p _ -;,. A-t~
-P(-4.e '/1-

from c quat i.ons (5':') £lntl (55)

(5.5)

en
::./' if ~

I TrS/l
I tc;.,,/

r ~ )

VJ~)ri;; I''{-='' -rr-'h-
?'l'l' :.Ieto conduct ion nlon~ ~e)..nt r Ip ':iC have ,~ -: 0

I. (f. ~~~ Iffc..d) c2 /0( )
Ir:--.o "7 I) }'/ • TrL

7f''\. -'.... r;<,." L / r /t.-/. 1..\ '
An l.\1-'j"'I'oxirn:-.tc (:\ aIuatLon ·)f t.his gives the rcsul\1· 336 instead of
4/3. For k =C"'1 and 1 =8'0 ern, ';18 1"').'"13 1::: =-I:..r:.
Taking the Ot),;.~rvecJ va.Iues of "t" ViO ca.Icul.zrte equ!\lulcnt ope rc.t.Lng
temperatures 6't frorr. cquct i on (56) • Values :.. 1'0 6ivcn in Tr.blc (4).

~ivLllcrlt opcrnting tcr.lperaturos

I rr- tJ%~
I

I
t Equivnlent op(';rL\~;ing Itcmperlli;lU'fj I,

30 (;.l~ 1.257
38ec •._•••..•_-_.\

I33 Q. 51 .1·227 3900

1·166 4100
.,

90 1·38

1/.4 2·22 1.123 4200
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