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This report describes tests ' comphrlng the performance of the |

*yide-cover" type of sprinkler developed by the Factory-Matual |
Laboratories of the United States of America, znd sprinklers of 1 -
conventional design, The tests included measurements of water distribu-
tion, and of ability to control a spreading fire beneath both plain and
Jjoisted ceilings, -

while reports of tests on fires in high stacks of materials have,
‘shovm a superiority of the "wide-cover" type of sprinkler in- extinguishing
the fire, the tests reported here showed them to be scarcely the equal of
conventlonal -type sprinklers in dealing with a fire at ground level when
operating at the minimum acceptable water pressure, The ide-cover": type
uscd singly, was not so effective in controlling a fire directly beneath it,
and in one case it is doubtful whether the sprinkler could be deemed to glve

adcquate cover in this respect. |
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A COMPARISON O ‘THE COWVENTIONAL AND THE
"WIDE-COVER" TYPE OF SPRINILER

oy

. P, H, Thomas and P, Fash T

1, Introduction

- An automaetic sprinktler combines the roles of & fire alarnm and a
water nozzle, While there ure many molzcs off conventionzl sprinkler

they are all designed to dischergs a suray of water over an areo of

about 100 sq.ft, at o flow of order %0 ial/min, when operating at a
pressure of 50 1b/sq.in. In 1953 the Focjory~imtual Loboratories in

the United States of imerice announced \'} 4he development of & new

type of sprinkler, d&iffering from the conventional sprinicicer in the
design ol its deflector, Two versions of' this type werce introduced,

one Tor upright and the other for mendent use, In passing it is warth
pointing out that the description of this corinkier os o "spray sprinkler®
is misleading in that all types of sprinkler dischorge water in the form
of spray. There is no fundamental departure {rom any accepted princinle,
the difference from conventional sprinklers being a matter of dcgrse only,
and this new type will be subsequently referred to in this repart o5 the
iyide~cover® sprinkler,

The effect of the different deflector is to increase the area over
which water ig dischawged, This hes two consequences, Pirstly, the
delivery per unit floor area from a single sprinkler is reduced, though
if mere than one sprinkler opens the average delivery per unit area
under an array of open sprinikiérs is unalfected, Tor the water discharged
further by one sprinkler augments the smaller o nount @ischarged under a
neighbouring. sprinkler, Secondly, at points between Sprlnhlcrs the -
water is dluchurged hloher, as shown in Figure (1),

‘ Clearly if burnlng MAtorlal Werse presont in the region between the
sprlnklers and wers piled to within a few veet of the ceiling, the wide-
cover sprinkler vould be bovnd to show a superiority in controlling the
fire, since in the shaded rugions of Figuwre (1) the conventional sprinkler
discharges no water at all, This yos clearly demonstrated by the tests of
the Factory-itual Leboratories \23 in vhich a burning crib was within
3 £t, of the celling at least 5 ©%. horizontally from the gprinkler, A
concluding note to the report by I7. J. Thompson, Dirsctor of the Factory-
Matusl Laboratories states that "Spray sprinklers show to particular
. advantage over regular ¥ sprlnklers when good distribution at the higher
levels is needed. The difference in periormance when the fire is at
filcor level, is directly under the regular sprinklers, or is more shielded
~will not be as great as the difference shovm under the tost conditions",

It was because of these factors that, when the Joint Fire Research

Organization received a request from the Firce .Offices' Committes to

compare the merits of the two types of sprinkler, the test firc. was
- c¢hosen to be at floor level, In an actual fire, there ore usually

obatacles which prévent the sprinklers from wetting completely. the area
within their range, thereby permitting the fire to spread, There are

often vertical surfaces which promote the growth of flames sufficiently
high to affect the ceiling, and which permit the persistence of ilaming

in their shadow, The design of the test fire was intended to give a
-reproducible fire, while taking these factors into -account (Section 2,4, ).
Information veas sought by the Fire Offices' Committee on the effect of

the spacing of :the sprinklers, differcnce betwésn using sprinklers in the
upright ond pendent position and the difference in sprlnkler beneviour
beneath flat ond open-joisted ceilings., The pressure of the water supply

was chosen as being ubout the lowest permitied by the Fire Offices' .
Comnittee rules, Moreover, the sprinklers would be giving o poor .
ﬂlstrlbutlon as they are ncrmally deszﬂndd to work bt a much higher prégsure,

¥, . S
"i.e, conventional sprinklers,
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2. Descripvion of test arrangements

2.1, Ceiling
. f .

A 20 £t, sgquare Joisted ceiling was supported on brick pillers at

a heipht of 10 ft. al one end of the Joiat Pire Research Orgenization
test building, The underside of ithe ceiling was close-bosrded in the

first series of tests, The bo;rdF were removed during the second series

Tor tests, leaving the Joists open, BN

2.2, ‘ater sqpnlv

e e 6

he water was supplied from a2 static teni at & height sufficient
tc give a runnlng pressurs of 6—Jlb/qn in, at the srrinkle;s. The

water level in the tank was kept| constant throughout each test,

2,3, Sprinklers and their arrangement

“he sprinklers are described in Table 1,
TABLE 1

Tynes of sprinklers tested

. —— bt

Sprinkler , " | Temperature’ : merensd
rgference‘ Lype - r%ting : sare Operation |
J .
Wide-cover . | ‘
A approved by - 165% % in, Wusible-link |
(Star) * | F-H for up- - centilever, |
rignht use, . : , ;
B Ditto ~ for 165°7 _ 7/16 in, Only use ?
(Globe) | pendent use. . . open’ in thesel
- : tests.: :
Comventional - i
‘approved by :
c Fire Offices! 1559 % in, Fusible- :
(Atlas) | Committee for | - . link i
upright and ‘ cantilever, !
’ pendent use, i
— i

1

The deflectors of the sprinklers| were L4 in, below the celllng (or

the soffit of the open 301sts) when used upright, and -7 in, vhen used
pendent. The fusible links iere thus at the same height within =+ in,
for both positions,

‘The arrangement of the sprinklers is shovm in Figure 2,

2.4, Construction of test fire

- A photograph of- the cdmbustlble material is shown in ilgure 3,

. The egg-box structure was a 5 1ni thick fibreboard lattice enclosing

25 (5 x'5) squares each of 51dn approxlmately 3 £t., 3 in, and the
wholé lattice extended over a sqhare of 19 £, 8 in., sides i.e. over
the whole floor area beneath the eiling: each small bo contained
6~ 1b of straw, & second series| of tests was conducted’ with one .
sprlnkler mounted centrally over|a smaller lattice, 10 £%, square, of
nine (3 x-3) boxes each containing 10 1b of straw, The fibreboard
lattice was supported at a heigh% of 3 in, above floor level to
increase the.ventilation of the fire,




2,5, Ingtrumentation

A continuous record of the temperatufe st various points 2 -in.
below the ceiling was obtained by -means of 40 S8,W.G. thermocouples
shown at positions "I in Figure 2, Other thermocouples, not ‘showm 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, udJacent to the corners of the square

2, Test procedure

2.1, Fire tests
TABLE 2

ETégramme of tests

T
! .
Test No, |No, of sprinklers Celling Upright or|{ Type of |Spacing ft,
pendent sprinkler,

1 (Trial) b Flat . Pendent C 10
2 i " 1 C. 10
3 ‘ }+ n t C; 15
L . L 1 1] A 15
5. b " " A 10
6 ' SR " Upright A 10
I b “ " c 10
8 N n n A 15
9 )+ L] n C. 15
10 (Trlal) 1 Flat Upright A -
" 1 n " A -
12 1 " " c -
13 1 " Pendent C -
,”+ 1 f " B -
15 -1 Open Joist " C- -
16 1 . ' H 1 B -
17 1 " " Upright c -
18 ; 1 o t H] A -
19 i W 1 t G 10

In tests 2-9 and test 19 the straw in the cenire box was ignited
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 ‘allowed to develop for a further 50 seconds, and the waier
supply was then turned on, The increase in fuel in each box (Section 3.1,)
in these second tests was thought desirable from experience gained in the
first series, particularly as the boxes were to be lighted simultaneously.

3,2, VWater distribution tests

The distribution of water from each sprlnkler was megsured in the
conditions in which 1t was used in thnse tests,

L., Test results and discussion

L.1. Tire tests

The photographic and temperaturs.records were found to give similar
but more detailed information than the radiation records, and the results
are therefore illustrated by.the former, rather than the latter, except
where corroborative information is required, The average reading of the

]
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five central thermocouples (see Pigure 2) was token as g1v1ng

a good indication of the severity of the fire and the likelihood o
ceiling being damaged, and is used to illustrate these points,

£ the
Flgure 6

shows the development and control of one of the spreading fires (Test 3)
and the opening times-of the sprlnklers with this type of fire are shown

in Table 3,
TABLE 3

Results of tests

-

with fire ignited centrally between 4 sprinklers

[
Time to reduce
: Times of temperature 2 in,
Test Sprinkler| Spacing { Position uprﬁ#Llana o, of sprinkler belcw central
No, £t) opening opening portion of ceiling
! (gza)” to 100°C -
Hf (sec)
; . |
2 C 10 Pendent 100 4 together <10
3 c 15 " 110 o 100
L A 15 1t 100 n L2
5 A 10 " |60 1 only - <10
6 A 10 Upright 170 ly together <10
7 M C 10 n 230 2 1 - <1O
8 A 15 " 2.@(210, 2 " o5% and 140%
J " 1@ 325 . and one
- later -
9 - C 15 " 160, 175, 265 4 at ‘ 20% and 285%
] ' andf272 intervals
19 C 10 Pendent FAO 2 <10.secs
. ‘ S
*These fires were not controlled by the first sPrinklegs opening, ' \\\

' wae eventually extinguished by it

10 foot spacing

In comparing celling uemperatures (Migure &) in tests 2, 7, with
conventional sprinklers end in test 5, 6 with wide-cover sprlnxlars,
it may be seen that at 10 foot spacing these two types were equally
effective in reducing the ceiling temperatures to 100°C or less in

10 seconds,

-The sprinklers openvd shortly after the fire had spread

from the central box to the four flanklnn btoxes and contrcl wes achieved

easlly with both types of sprlnkl%r whether upright or pendent,
only one wide-cover sprinkler opened, the
outside the range of the sprinliler and
almost as easily as with two or wore
the only test with a spreading Iire’
beneath a joisted ceiling, the rate of conirol of the.fire Was Ted

in test 5 where, by chance,
fire was prevented {rom spreading

sprinklers operating, In test 19,
significantly d1f¢erent ;rom that |in

15 foot spacing

the other tesﬁs.

Even

T v,

...."""‘ ALY

'In comparing ‘ceiling tempera?ures'(Figure L) in tests 3, 9 for
conventional sprinklers and in tests &, 8 for wide-cover sprlnklers,
it may be seen that at this spaclng, the wide-cover type sprinkler
restricted the spread mors readlly than the conventional sprinltier’

although ceiling temperatures renalned righ (Figure &),

In test 3 with

the conventional sprlnklers pendent the fire continued to grow destite

the fact that all four sprlnklersjopened (Figures 4 and 5) an

it is

possible that, left to itself, the fire might have spread betwaen tie

sprirklers,

was achieved more quickly than inrtest 3.

In test 4, with .the wide-cover sprinklers pendent, conirol
Tests 8 and 9 were not

comparable with 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 was reduced more rapidly by the three wide-
cover sprinklers which opened, than by the four conventional sprinklers,

Single sprinkler central over fire

From the temperature records of tests 11 18 (Pigure 7) it is
apparent that in only one test of four (test 18) did the wids-cover
sprinkzlers approach the speed of control of the fire exhibited by the
conventlonal sprinklers, While the latter reduced ceilling temperatures
to 100°C in 15-20 seconds, the wide-cover sprinklers (except test 18)
required 110-135 seconds to do so, This difference.was seen to lie in
the capacity of the sprinklers to control the centre of the fire, #=
can best be seen from a comparison of temperatures 60 seconds after
application of water., A further compariscn may be drawn between pendent
and upright wide-cover sprinklers. The pendent sprinkler B (tests 14
and 16) was much less effective than the upright sprinkler 4 (test 18),
although sprinkler A was not so effective in test 11 as it allowed the
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, . : o

L.2, Vater distribution tests

The mean radial water distributions of the sprinklers are shown
in Flgures 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 d1d not reach the ceiling and were surrounded
by a curtain of water, they did not, in general, endanger the ceiling.
¥ith the ventilated straw fire used flames from a 3 £+, 3 in. box were
nearly 10 feet in height (Figure 6—11) as these were proportionately
higher than with other types of fire it was therefore conbldernd that
no "hollow" or gap should exceed 3 fset diameter, ’

Water necessary to control fire

In Table 4, the mean flow of water per unit area to a 4 foot Aiemeter
circle is shovm in Columm 2, being approximately the rate of apgiication
per unit area to the centre box of the lattice, the flame from which will
affect the five central thermocouples most, This flow (Column 2) is seen .

]

TABLE 4

Water delivered to fire

- aina

Water to
Flow to Tempersture Mean flow over reduce ¥ad1atlon

Test No, centre box 1 min, after |whole fire area /5th

x 100 water applied ~ x 100 x 100 |

gal/sq.Tt, /mln _ On ' gal/sq.ft, /min, gal/sq, ft,
12 | 10.4 <10 7.35 1,1
13 8.2 <10 , 5.2 1.0

1 : {
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! TARLE & (Contd, )

JI..

j .o later to
i Flow to Temperature °C | Mean flow over reduce ¥ad1at10n
Test No, centre box 1 min, ‘after| |whole fire.areal /;th
! ‘ x 100 water applied x 100 x.1OQ

[ — -

: gal/sq,ft,/min| ' gal/sq. £t, /min, gal/sq, £,

- 1,33 250 : 4. 65 0.2
P -

.15 © 8,2 20 5.2 0.8.

| - .

i : - .
| 7 . -

.16 ) 1,33 . 250 © 4.65 ' 1,5

i ,

S A S (A <30 . | 7.35 .| 1.8

u - . —
L8 4,85 35 3.9 - 0.8

17 1b/sq,in,* The distributions at the two pressures are similar in

to relate closely with the temperagure Just below the ceiling after
application of water for 1 minute ([Column 3), While an average dellvery

of 0:08-0-10 gal/sq,ft./min, could rapidly reduce the tanperatures Just
below the ceiling (tssts 12,. 13, 15, 17), a dellvery of 0013 was
insufficient to reduce the temperature below 250°C in 1 minute (tests 1.
and 16) An average delivery of O 05 gal/sq.0t. /mln. appeared to be - -

the! minimum sufficient to reduce the temperature of the ceiling in

1 minute to the known safe value of 100°C (tests 11 and 18), By comrarison,
a sprinkler operating at 50 lb/oq.ln. delivers water on average at more than
three times this rate, It is of interest to note that the de very to
Boxes X-X, test 3, (Flgure 6}, wastabout 009 gal/sq,ft,/min,, approxi-
metely tw1ce the average dellvery necessary to control the fire, yet this
did not extinguish the fire, due to the shelter afforded by the vertlcal
sidés,.  In addition to the crlterlon of -ceiling temperature, the radiation
from the fire mey be considered asia geueral measure of the magnitude of

the fire, The total amount of water used in redu01ng the radiatinn to 1/5
its initial value may be calculeted, and is shown in Column &,  Thin is
seen to be between 0.8 and 1:8 x 1@‘ gﬁl/uq ft., corresp0ﬂdlug to an
uverage depth of water on the floor of /5Urh inch,

S

In rlgures 8-10, the mean delivery at each radius is plets oth

for a pressure of 6— lb/sq.ln., and for an effective pressure o

form, except that a peak appears w1th Sprinkler C (pendent) with a

pressure of 17 1b/sq.in, The peaks in the distribution of Sprinkier A
(pendent) and Sprinkler C (upright) were found to move further from the
sprinkler with increasing pressure! the effect being greater for

Sprinkler A, Vhere peaks are present at distances of markedly less :
than 5 feet from the sprlnkler they will not be affected when a sprinkler-

- lattice of 10 feet spacing is considered., I on the other hand the peaks

occur in the range 5 feet-7 feet the peaks will be reinforced by the
co-operating sprlnklers. -

*The flow from a pressure of 17 1b/sq.1n on a3 in, dlameter crifice
is equal to that from a ¥ in, dlameter open plpe with a pressure
. 50 1b/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 sprlnklers at 65 1b/sq.in, pressure may be computed
from Figures 8-10, for spacings from 10-15 feet. #his is best considered
in terms of thé distribution along the diagonzl of the square with
sprinklers at the corners, Figures 11-13 show the e;;ect of increasing
the spacing from TO_to 15 feet on the distribution of sprirklers A, 3
and C respectively., Figures 14-17 compare the distributions o cprinklers
A, Bond C at the five spacings 10, 11, 12, 13 and 15 feet, Frem whese
.eurves it may be seen that the dlstrlbutlon from sprinkler A ay mpacings
up to 11 feet, is everywhere above the 0-05 gal/sq.ft,/min, knova to be
sufiicient to conitrol a fire of this type. On the other hand it ifalils
helow this velue close to the sprinkler at 12 foot spacing,  Thers i
insdequate cover beneath Sprinkler B at all the spacings tested,
Sprinkler C gives adequote cover at all positions up to 12 feet sp
bt the central cover is‘marginal at 13 f'eet, being unproximG491: &
+ha+ at 10 feet, The cover afforded by the three sbrlnklers is mvepared
gures 14-18 for the five spacingzz ' '

(=

L.3, Opening'time of sprin:lers.

In ‘Column 5, Table' 3, the 0pen1rg times of sprlnklers in tests 2-9
and 19 are shown, Although the links of all the sprinklers for: both
pendent and upright positions were the same distance below the flat :
ceiling, the opening times for the upright position were approximately :
twice as‘long as those for the pendent position at similar spacings,
By comparison, in a single test (19) the opening time of the pendent |
sprinkler bnneath the open-joisted ceiling was about 50 per cent longer
than under a flat ceiling, There was no significant difference between
the opening times of conventional and wide-cover type sprlnklers under
the same conditions of mounting and spacing,

The difference in the opening times of sprinklers mounted upsright
and pendent cannot be explairied completely by the shielding effecw ot
the water’ plpes since the heating of the fusible link is by conveclion
from the gas stream moving horizontally as well as by édirect radiation
from the fire. A 'possible explanation is that with the upright sprinkler,
the hot gases are moving horizontally betvieen two cooling surfaces, the
celling and the pipses, whereas pendent sprinklers are. cutside the fwo
cooling surfaces which have a lesser total effect in reducing the goo
temperature, If this wers true the extent of ths deloy would dopanis
. upon whether the path of the gases coincided with ths direction.cf wns
pipeline, This was not able to be checked in thwe wresent gevics of
exzeriments as only one arrangement of pipes was used (Figiee 2).

The effect of an increase of spacing on the ovening tim=z of ia2
sprinklers is shown in Table 3 to be small, ond this is explainsd by
the raoidly—sprnadlng nature of the fire abv the tlimne the sprinlticrs
vore opening (Figure 19).

£. Gorclusions

(1) For a fire of the type discussed in this report, a density of
vater distribution of 3 gal/sq.ft./hour. (0+05 gal/sq.Lt /ml“.)
would be adequate to reduce the ceiling temperatures to 100°¢
in 1 minute, and this is considered safle,

(2) The conventional type sprinkler gives a better performance than
the "wide-cover" type sprinklers at floor-level, although the sams
may not have been found to be true for hlgh—stao“ed fire lords, a5

R

sham by Fectory-Mitunl Loboratories, The foIkw;n conedus Zﬁvvﬂﬁzv
the performance, et different spacings, of the three sprinici: =

tested, refer to a water pressure of 6z lb/sg,in. at the sn lap
oarlng in mind that the sprinklers are dezigned to operots 4%

50 1b/sq.in., their performance should normally be better thon
that described,




(3)
o
(5)
(6)
)
(8)
(9)
(10)

6.

.

8-

The "wide-cover" Sprinkler A would provide the necessary density
of 3 gal/sq.ft./hour for spacings up to 12 feet,

The "wide-cover" Sprinkler B would not provide this cover at any

of the spacings tested,

Jnrludlng 10 fect,

The conventional Sprinkler C would provide this cover for spacings

up to 13 feet.

The type of ceiling did not 81gn1;1c“ntly affect the ability of a

sprinkler to extinguish the flre in these tests,
the open—301uted cellln

rapid growth of fire beneath

Upright sprinklers,

despite the more

of both Lonventlonal and "wide-cover' types, took

apn:w3x1mately twlce as. long a5 pendent sprinklers to open, in these tests,

The time to open of'a pendenﬁ sprinkler was approximately 50 per
cent greater under an open-joisted ceiling then under a flat

ceiling,

There was no significant dif
conventional and "vwide-cover'

The time for a sprinkler to open was not,

Tference in the opening times of

sprinklers under similar conditions,

in general, significantly

increased by an increase in sprinkler spacing, probably because of

the rapidly-spreading nature
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Scale  14n. = 4 £t

Sprinklers at@15 £t. apart
Sprinkdes at X 10 £t, apart

Sprinkler at P far test with fire involving
nine (3 x 3) boxss only.

P1 pework

T = position of thermocouples other than those
next to sprinklers,

Fig. 2. APRANGEMENT OF SPRINIRS AND THERIOCOUFLES
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Tests 2-9 & 19.

(a)

~

ARRANGEMENT Of TEST FIRE.

F1G. 3.
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I10s after ignition. Near right sprinkier has
just opened. '

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



210s after opening of first sprinkler.

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