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.' SUMMARY

This report describes tests 'comparing the perfonnance of the
"wide-cover" type of sprinkler developed by the Factory-Mutual
Laboratories of the United States of America, and sprinlclers of 1

conventional design. The .tests included measurements of water distripu­
tion, and of ability to control a sprcading fire beneath both plain and
joisted ceilings.

, Yfuile reports of tests on fires in high stacks of materials have:
ShOYIll a superiority of the "wide-cover" type of sprinkler in·extingui?hing
the fire, the tests reported here showed them to be scarcely the equal of
conventional-type spri~~lers in dealing with a fire at ground level when
operating o.t the 'minimum D.ccepto.ble wo.ter pressure. The "wide-cover": type,
used singly, was not so effective in controlling 0. fire directly bene~th it,
mid in one case it is doubtful whether the sprinkler could be deeliled to give
adequate cover in this respect.
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A COHPARISOlT OJ!' 'rHE COi'lVENTImil'J:, Al'lD THE

"WIDE-COVER" TYPE O:i!' SffinIT:LEt~

by

P. H. ~'homas and P, E ash
I.

1. Introduction

An aut.omat'Lc sprin!cler combines ·cl1e i-oIes of Co fire a Larm end a
\"later nozzle. "/hile t her-e ar-e many 10"-':8S of c cnvorrtioncI sprinkler,
they are all d es.lgned to dis chr.r-ge. a C:~T'.:'Y of \n:~ter aver an ar-ea of
about 1()() sq.ft. e.t a flow uf:' order 1.,.0 :;al/min. \/h'Jp. operating at a ,
pressure of 50 lb/sq.in. In 1953 th8 F~c~O~7-~ut~al L~boratories in
the United States of' America crmounccd ,1) the deve.Lopmcrrt of a new
type of spr-mk.ter , differii.1g f'r-om the converrtd.ona.l Dprinl(lur in the ,
design O~' its deflector. 'l'wo versions ai' thiG typr-; vcrc iJl"~r(kluced,'

one for upright and the other for I;cndent use. In passing it is wor-th
pointing out thD.t the description of this Gprm(ler as c. "spray aprdnkl.er-"
is misleading in· that all types of sprinkler dischcxge water in thc form
of spray. There is no f'uncumerrteL departure from any accepted prillci~)le,

the difference from conventional sprinklers being a matter of dOG,r0B only,
and this new type will be subsequently r ct'cz-rcd to in this r-cpcr t ,-,,, th"
"\iidb-covor" sprinkler.

'rhe effect of the different deflector is to increase the area ovor.
v.hi.ch nater is dischA-:-.Q:ed. This has two consequence s , Pirstly, the
deIdvery per unit floor area from a ,single sprinkler is r-educed, though
if' more than one sprinkler opens the aver-age delivery per unit area .
under- an array of open spr-LnkLcr-s is unaf'f'ec t ed, :E'or the water discharged
further by one sprinkler augment s the smalle:r amourrt discharged under a
ned.ghbouring sprinkler. Secondly, at po.i.nt s be twe en sprinl:lers;· '.;he
wat.er- is d.i achar-ged higher, as shown in l:~ii3urc (-/).

Clearly if burning material were present in the region between the
sprinklers and wer-e p i.Led to within a t'ev ~·eot. of the ·ceiling, the rride­
cover sprinkler woul.d be bound to ShOH 11 supez-LorLty in controlling' the
fire,' since in the shaded rugions of j."iLlU~C (·1) the conventional sprinkler
discharges no Hllter at all. Thir \I"s c Lear-Ly domons ta-abcd by the tests of
the Factory-iJutual Laboratories ,2), in \thich a burning crib was rlithin
3 ft, of the ceiling at least 5 ft. horLzont al.Ly from the r.;prinlclor. A.
concluding note to the roport by Y'. J.• 'l'hompeon, Director of the 3'actory­
lili.ltUD.l Laboratories states t hat "Spray sprinklers shew to particular
advc.ntage over· regular H sprinklers when good distribution at the higher
levels is needed. The difference in per-i'ormance when the i'~re is :It
floor level, is directly under the regular spr:iil1clers, or L; more shielded
Hill not be as great as the difference shorm under the tost conditions".

,
It was because of these factors that, when the Joint }'ire Rcseaz-ch

organization roceived a request from the Fire.Offices' Committee to
compare the merits of the tHO types of sprinkler, the test fi~e. was
chosen to be: ·at floor level. In an actual fire, there ore usually
obatac'l.e s which prevent the sprinklers from netting. comp'Le t oIy th"l area
within their range, thereby pcrmitting the fire to spread. There aro
often vertical surfaces ~hich promote the growth of flo.mes sufficiently
high to affect the. coiling, und which pcrmit the persistenc0 of flaming
in their shadow. 'rhe dcaign of the test fire was intended to·give a

. reproducible fire, while taking these factors into -account (Section 2.1;.).
InrormatioD '\-lCoS sought by the l~irc Offices t Conunittee on )~he effect of
the spacing of .thc sprinklers, ilUferQnee bctweeii using sprinklers in .the
upright and pendent position ana the difference in sprinkler beiiavLour- .
bencabh flat end open-joisted ccilin[;s. The pr-caauro of the r:c.tecr supply
was chosen as being about the lowest permittsd by' the ,"ire Offices' ,
Connnittee rulo&•. Moreover, the sprinlc1ers Vlould be giving a poor
distribution as they!lr<l llOrIIl£.llj dooigood to \Ior:~ t·.t a llll.lcil higher pressure.

. .' , .

Hi • e • conventional spr~nklors.
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2. Description of test arrangement~

,I

-I!

,
A 20 ft. squaz-e joisted ceiling was supported on br~ck pille,rs at

a height of '10 ft. at one end of the JOi'i1t l<'i:ce Research Orge·.nize.tion
te::>t building. 'I'i1e ui1(ierside or fche c0iling was close-JqE.rded in t he
first series of testG. The boc.rda Here removed during ·the second series
f'or tests, leaving the joists opep.

2.2. \!e.ter surm'lv___ • .':':-.Il...

'1'he water Y1C-S suppId.ed ~'rom a static te.n;: at e. height sufficient
to give e. running pressur-e or ~ llb/so. in. at· the sl,rinklers. 'fhe
water level iri the tank was kept constant throUghout each test.

Operation

J!'usible-linlc
cantilever.

J in.

',llype

'~ride-cover

al?proved by
F-j..i for up­
right use.

A
(Star)

2.3. '8prinkl~.!~ and th~.E:..~E..~E~ment

1
~he sprinklers are described in Table 1.

I
'1ABLE 1

Types of sP)inklers tested

1 ~ ..__- .
j I I .

t- +- ·,_II-_'l'_e~_~..;.:~-~:~:-e-~-
1

I I

165011'

...
I

I Sprinkler
I reference'

. il
"",
,

I
! '

B
(Globe)

C
(Atlas)

Ditto for
pendent use.

,
Conventional

'approved by
Fire Offices'
Committee for
.uprig~t and
pendent; use.

7/16 in.

1 •
2' .m,

Only used
open' in these:
tests.. I

t
1

Pus.i.b'Le­
lime
cantilever.

The deflect~rs of the ~~rin~l~rs)were'~
the soffit'of the open joists) when used
pendent. The f'us IbLe links ver-e thus at
for' both positions.

in. below the ceiling (or
uprtight, and ,7 in. when used
'i;he aame height wi thin ~: in.

'The arrangement of the sprinklers is shorm in l<'igure 2.
" I '

2.4. Co~stru~~ion o~ test fire
. I

. A photograph of" the combustible material is shown in J?igure 3.
The' egg.ibox s tr-uc'tur-e Has a ~, inl thick fibreboard lattice enckosang
25 (5 x'S) squares ,each of' side appro:dmately 3 ft. 3 in. and the
~hole lattice extended over' a· sqtare of 19 ft, 8 in. sides ·i.e. ov,er
the who) t:J floor area 'beneath the cedLi.ng : each small box cant ai.ned
6i Lb of straw.. A second series 'of te'sts was conducted' nith one, .
spriI1J.clei mounted centrally over a :smalier lattice, 10 fJc• 'square, of
nine (3 x j) boxe s each' containing 10 lb of s trav, . The fibrebor.rd .
lattice was supported at a heigh~ of. 3 in.aoo~e.floor level to
increase the,ventilution of the fire,
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2.5. Instrumentation

A continuous record of the tempe_ratur~ at various'points 2 'in.
below the ceiling .was obtained by-means of 40 S. W. G. t nermocoup'Ie a,
shown at positions "I'" in b'igure 2. Other thermocouples, 'notshm'ffi in
the figure; were mounted adjacent to the sprinkler positions or were,
peened into the sprinkler links. The radiation from the fires was also
measured by four radiometers, adjacent to the corners of the square.

3. Test procedure

3.1. Fire ,tests

TABLE 2

Programme of tests

I' ,
iI

Test No. INo. of sprinklers Ceiling Upright or 1'ype of Spacing ft.
pendent sprinkler,

1 (Trial) 4 Flat . Pendent C 10
2 4 " " C: 10
3 4 " " C; 15
4 4 " n A 15
5 4 n " A 10
6 • 4 " Upright A 10
7 4 " " C 10
8 4 " " A 15
9 4 " n c' 1.5

10 (Trial),' 1 Flat Upright A -
11 1 u " A -
12 1 " I u C -
13 1 n Pendent C ' .-
14 1 " u B -

"

15 1 Open joist u C' -
16 1 " n u B -
17 1 " u Upright C I -
18 1 I u " u A I -
19 4: i " II I " .C 10

, i ! I ; ! ., I

In tests 2-9 and test 19 the straw in the centre' box wasignited
and the fire was allowed to spread and to cause the sprinklers to open.
In tests 11-18 the straw in all nine boxes was ignited within 5 seconds,
the fire was 'allo\,ed to develop for a further 50 seconds, and t he water
supply was then turned on. The increase in fuel in each box (Sect.~on 3. 1. )
in these second tests was thought desirable from experience gaine:'!. ill the
first series; particularly as the boxes wer-e to be lighted simultaneously.

3.2. Vater distribution tests

The distribution of water from each sprinkler was measured in the
conditions in vmich it was used in these tests.

4. Test results and discussion

4.1. Fire tests

The photographic and temperature.records were' found to give s~,il3r

but more detailed information thro1 the radiation records, and the results
are therefore illustrated by ,the former, rather'than the latter, except
where corroborative information is r.equdr-ed, The average reading of the
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I
*These fires were not controllcd by the first sprinklers opening. '

<,

five central thermocouples (see Fig\U'e 2) was tnkeil as giving
a good indication of the severity of the fire and the likelihood of the
ceiling being damaged, and is used ~o illustrate these points. Figure 6
shows the development and control of one of the spreading fires (Test 3)
and the opening times' of the sprink~ers with this type of fire are shown
in Table 3. I,

TABLE 3

Results of tests with fire ignite~ centrally between 4 sprinklers

I
II ' I I

1, Time to reduce
temperature 2 in.

i
Times of INo.Test Sprinkler Spacing Fbsition I of sprinkler belcw central

No. (ft)
npr;~lo:!'s

opening portion of ceiling
I o~er'U'f 'to 1000C -s'~· ...
I I~v (sec)

II

I
2 C 10 Pendent 100 4 together <10
3 C 15 " 110 " 100
4 A 15 " 100 " 42
5 A 10 " 160 1 only, <10
6 A 10 Upright 17° 4 together <,10
"7

,
• C 10 " 230 2 " ' <10

8 A 15 " 2.@ 210, 2 " 25* and 14D"
,I

,
1 @ 325 ani). one.

later
9 C 15 " 160, 175, 265 4 at " 20* and 285*

,I andl272 intervals
19

I
C 10 Pendent

r4D 2 (10,sees
, , I I \,, ,

,

10 foot spacing

In comparing ceiling temperatures (Figure 4) in tests 2, 7, with
conventional sprinklers 2nd in tesfs 5, 6 with vade-cover spril~clers,
it may be seen that at 10 foot spacing these two types were equally
effective in reducing the ceiling itemperatures to 1000C or less in
10 seconds. ,The sprinklers opene~ shortly after the fire had spread
from the central box to the four ~lanking boxes and contrcl was achieved
easily with both types of sprinkl~r vn,ether urright or pendent. Even
in test 5 where, by chance, only one Hide-co'rer sprinkler opened, t he
fire was prevented from spreading outside the range of the sprinl~lE:'" and
wac eventually extinguished by it almost as easily as with two or mor-e
sprinklers operating. In test 19, the only test with a spreading fire"
beneath a joisted ceiling, the rate of control of the.fire-wa~
significantly different from that in the other tests. --.._-.. -'.

-~--.

15 foot spacing

-Jn comparing 'ceiling temperatures (Figure 4) "in tests .3, 9 for
conventional sprinklers and in te~ts 4, 8 for vade-cover sprinklers,
it may be seen that at this spacihg, the wide-cover type sprinkler
restricted the spread more readily than the conventional spr-i.nkjer :
although ceiling temperatures remadried rLgh (~'igure 4). In test 3 with
the conventional sprinlders pendent , the fire continued to grow despite
the fact that all four sprinklers Iopened (Figures 4 and 5) and ~_t is
possible that, left to itself, the fire might have spread between iLe
sprir~lers. In test 4, with.the Wide-cover sprinlclers pendent, control
was achieved more quickly than inltest 3. Tests 8 and 9 were not
comparable rlith the other tests, as by chance, the fire spread to one
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side, opening the two sprinklers on this side first. It was noted that
the fire grew more rapidly at this stage with conventional than with
wide-cover sprinklers. Finally, when sprinklers on the other side of
the square opened, the fire V/aS reduced more rapidly by the three wide­
cover sprinklers ~hich opened, than by the· four convention~l sprinklers.

Single sprinlcler central over fire

}'rom the temperature records of tests 11-18 (Figure 7) it is
apparent that in only one test of four (test 18) did the nide-2c"er
sprinl:lers appr-oach the speed of control of the fire exhibited by bho
conventional sprinklers. While the latter reduced ceiling temperRhtres
to 1000C in 15-20 seconds , the wide-cover sPrinklers (except tent ·:e)
required 110-135 seconds to do so. This daf'f'er-ence .vias seen to lie. i.n
the capacity of the sprinklers to control the centre of the f'Lr-e, Ps
can best be seen from a comparison of temperatures 60 seconds aftbr
application of water. A further compar-i.son may be dr-awn between per-dent
and upright wide-cover sprinklers. The pendent sprinkler B (tests 14
and 16) was much less effective than the upr~ght sprinkler A (test 18),
although sprinkler A nas not so effective in test 11 as it allowed tIle
fire to grow again temporarily after a fairly rapid initial reduction.
Although the fire developed more rapidly under the open-joisted ceiling
(tests 15-18), there was no significant difference in rate of.control
of the fire due to the type of ceiling.

4.2. Water distribution tests

The mean radial water distributions of the sprinklers are shown
in Figures 8-10. In considering the significance of "hollows" and:
gaps .in the water distribution, it was noticed in the course of the tests
that if at any place flames did not reach the ceiling and were surrounded
by a curtain of water, they did not, in general, endanger the ceiling.
v!ith the ventilated straw fire used, flames from a 3 ft. 3 in. box vrer-e
nearly 10 feet in height (Figure 6-ii); as these were pr-opor-ti.oaabeIy
higher than with other types of fire it was therefore considered that
no "hollow" or gap should exceed 3 feet diameter.

Water necessary to control fire

In Table 4, the mean flow of water per unit area to a 4 fC::yt ~i.ameter
circle is shown in Column 2, being approximately the rate of app::'icn.tion
per urut area to the centre box of the Lat tico. the f'Lame from whi eh ,-<ill
affect t~e five central thermocouples most. This flow (Column 2) is seen

TABLE 4

Water delivered to fire

I
........

I

I Water to
Flow to Temperature Mean flow over reduce ~adiation

Test No. centre box 1 min. after whole fire· area to /5th .
x 100 water applied x 100 x 100

gal/sq.ft./min. °c gal/sq.ft./min. gal/sq.rt.
11 4.85 150 3.9 1.5

-
12 10.4 <: 10 . 7.35

1.1 1._.......~ ......-_._'
13 I 8.2 I <: 10

I
5.2 I 1.0

I ! i,

\
"-,
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........_;.....-

lution
th

-';0

0.83.935

,
TABLE 4 (Contd.)

I . .

I4.85

.

I
,

J I, ,'. -~7ater-
.1 .oJ Flow to Temperature C l'Iean f Low over" reduce ~ad'

Test centre box 1 min. 'c.fter whole·fire .area .to /5
, x 100 water applied x 100 x .100I
,
,

II
..

, Igol/'o,ft.!_ Igai.;sq.ft./min. gal/sq. f"
1)+ 1.33 ' 250 4.65 0.9

, ,
.

"

.-

I •
15 8.2 20 5.2 0.8

, I I
I:

iI' 16
J ..1.33 250 L ."-. (,5 1.5

,

"
-_.... _-

I
--

Ii' 17 10.4 < 30 I 7.35 1.0

i

"
"The flow\from a pressure of 17 IbYsq.in. on a ~ in. diameter orifice
is equal to that from a ~ in. diaineter open pipe Hith a pr-essure

, 50 lb/sq.in., 10 feet along the pipe.
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The likely delivery of water'to any point on the floor'under a
square array of sprinklers at 6t Ib/sq. in. pressure may .be computed
from l;'igures 8-10, for spacings f'rom 10-'i5 feet. 'l'his is best considered
in terms of the distribution along the diagonal of the square vath
sprinklers at the' corners. Figures '11-13 show the effect of iDcreas!.ng
the spacing from 10 to 15 feet on the distribution of sprir.klers A, D
and C respectively.' Figures 14-17 compar-e the distributions of spJ:'inklel"s
A, nand C at the five'spacings 10,11,12,·13 and 15 feet. P.cr:;m thesG

. curves it may be 'seen that· the distribution from spr-inkIer- A 2:C c:p"..,j.ngB
up to 11 feet, is everywhere above the 0.05 gal/sq.ft./min o )(0:1')\"1',1.. to be
sufficient to control a fire of this type. On the other 1L-uo:J. if. fcc,:ls
beLow this ve.Lue close' to the sprinkler at 12 foot spacing. 'The?:-:~ i:....
in~uequate cover beneath Sprinkler B at all the spacings·t8stc:J.,
Sp:r.i'1kler C gives adequate cover at all positions up to 12 feo's BpfJ,C:!.(lg;
b~.lt the central cover is. marginal at 13 feet, bei:1g appr-oxdrnatcLy ~~:~.l:'"

t",a-r, at 10 feet. The cover afforded by 'ehe ,three sprinklers is ,.;o"",,:'ec.
in Figures, 14-18 for the five epacdngo ,

4.3. Opening time of sprinklers

Ineolumn 5, Table' 3, the opening times of sprinklers in tests 2--9
and 19 are shown, Although the links of all the sprinklers for' both
pendent and upright positions were the same d!stance belm, the flat
ceiling, the opening 'times for the upright position wer-e approximately I

twice a~:long as' those 'for the pendent position at similar spacings.
By comparison, in a single test (19) the opening time of. the pendent
sprimcler beneath the open-joisted ceiling was about 50 per cent longer
than under a fl&t ceiling. There was no significant difference. ba~ween
the opening times of conventional and vade-cover type sprinklers under
the same conditions of mounting and spacing. ' ,

The difference in the opening times of sprinklers mounted up~,·:'~):,.t

.and pendent cannot be explained completely by the shielding effoG"; c,t'
the water 'pipes, since the heating of the fusible lime is b~· CC)C'o'Jr:c !;i.Gl-,
f'r-om the gas strerunmbving horizontally as well as by dired radrat.i.on

'from the fire. A 'possible explanation is that \lith the uprigl,t spl:i.'1kler,
the hot gases are moving horizontally betv.een tV/O cooling eurf'accs , the
ceiling and the pipes, wher-eas pendent sprinklers ar-e. out side tho t.wo
cooling surfaces wrri.oh hav e a lesser total effect "in reduc:i.ng t.~:E ,~~·:'.ti

temperature. If this were true, the extent of the delay wouLd o.C:1'8:'')''
, upon whether the path of the gases co'i.nc.i.ded wi.th "el1'" dlrecti,]I: ..J -;:"2
pipeline. This was not able to be checked in tr.e preserrt 3E'........,~.~t: ,::J."
exper-Lmerrt s as only one arrangement of p.ipe s Vias U3t-;U. (ll'igilTo 2) ..

The effect of an increase. of apacing on the open.ing tiM"; of .....:il~3
sp:c:'.niclers is shown in Table 3 to be sm-iLl . cr."! this is exp.Lrd.nsd by
t,be rapidly-spreading nature of the j;"ire a:t th8 t:i.rr.c the sprlli~Cj_C:::'8

.-IC:'"O opening (Figure 19).

r.,.

(1 )

Q2!:Glu~ions

For a fire of the type discussed in this report, a density of
water distribution of 3 gal/sq.ft./hour. (0'05 gal/sq.ft./min.)
wouLd be adequate to reduce the ceiling temperatures to 1000C

in 1 minute, and this is considered sat'".

The conventional type sprinkler gives a better performance t>."n
the "vzide-icover-" type sprinklers at floor-level, al t hough 'c.hc f:&ln3

may not have been found to be true for high- atackod f:i.re ].e"'.,,,,,. .;';
sho;,n by FD,ctory-blltUD.~",Inbc;:ntories, The 1~0~~g ~~Jrw:lu?:':::;'?',1:",;,•..".-0Lg
the performance, at di. f'er-errt spacmgsr or bhe cnr-ee spr_..,.-"J C'.' .,

tGsted, refer to a water pressure of ~ lb/sq. in. 8,t t!"., """:;'-'.:."::"01'.
Bearing in mind that the sprinklers are des.i.gned to opcrc,f.c.•:::~

50 lb/sq.in., their performance should normally be better th~n
that described.
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(6)

(7)

(8)

(10)

6.
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The "wide-cover" Sprinkler A JOUld provide the necessary density
of 3 gal/sq.ft./hour for sp~cings up to 12 feet.

The "wide-cove~" Sprinkler B \~OUld not provide this cover at any
of the spacings tested, inclnding 10 feet.

The conventional SDrinlc:Ler C JOUld provide this cover for spacings
up to 13 feet.· I
ThE> tYPE> of ceiling did not significf,:i1tly af'f'ec t the 'lbility of a
sprinkler to extinguish the firE> in these tests, despite the more
rapid growth of fire beneath rhe open- joisted ced.Ling,

Upright sprinklers, of both conventional and "ylide - c ov c l' lI types, t oak
appr-oxdmtrte Iy twice as, long ts pendent sprinklers to opE>n, in these tests.

The time to open of' a pendent sprinkler was approximately 50 per'
cent greatE>r under an opE>n-jdisted ceiling than under a flat
ceiling. I.
There ~as no significant diff:erence in the opening times of
conventional and ",d.de-cOVer'j sprinklers under similar conditions.

The time for a spr-i.nkl.er- to open Vle.S not, in general, significantly
increased by an increase in sprinkler spacing, probably because of
the rapidly-spreading natur-e of the fire used in these experiments,
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30s ctter lighting.

60 s after lighting.

110 s after ignition. Near right sprinkler has
just opened.

FIG. 6. TYPICAL PROGRESS OF SPREADING FIRE (TEST3).
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(TEST 3)
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