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MEASUREMENTS OF WATER ENTRAINMENT IN A
SQUARE SPRINKLER ARRAY

by

M•.J. ,O'Dogherty,E. B.S.Southgate and D. Barnes

1. Introduction

'This note' describes a study of the distribution of water falling on an area
of floor beneath an array of four sprinklers mounted below a ceiling, each at th&.
corner of a square of side 11.4 ft. The main object of the 'study was to compard
the distribution obtained by adding the independent contributions of the four
individual sprinklers, with the distribution obtained by allowing the water from
all four sprinklers' to contribute simultaneously to the water ,pattern at floor
level. '

'The primary object of the work was to compare the rate obtained.from the sum
of the' individual sprinkler contributions with the rate applying when all four
sprinklers were contributing to the flow simultaneously, in order to establish
whe~her the .individual results were additive.

2. Experimental'.,
'''Four'sprinklerswere mounted· at the corners ora 3.41i.m (11.4 ft) square on a

pipe system conforming'to the Fire Offices' Committee rules {Figure 1),'and . :
suspended symme'tr-Lca.l.Lyibeneath a 6.10 m (20 ft) square, paarrted hardboard ceiling•.
Conventional" sprinkiers of one make were used, mounted in the pendent position,
with the deflection plates at 30.5 em (12 in) below the ceiling. Measurements of'
water distribution were made at water pressures of 0.70 kgf/cm2 (10 Ibf/in2) and .
3.52 kgf/cm2. (50 Ibf/in2, 'as measured at the point in the main 'distribution pipe.
shown' in 'Figure' 1. .

The' water discharged from the sprinklers was collected in plastic buckets
ar-r-angedia'ttf'Loor- level,· in a square formed by 64 buckets placed in contact at
their rims. " ,The' buckets were disposed symmetrically about the centre of .. the
array, forming an approximately 1.83 'm (6 ft) square•. The internal throat
diameter of each bucket was 20,3 em (8 in), and the plane of·the·bucket'tops was'
3.43 m (11ft' 3 in) below the sprinkler deflector plates; The quantity of water
falling into each bucket (measured in cm3) was determined by adjusting .the supp11
pressure to the'appropriate value ~nd allowing the sprinklers to dischar~ for
5 min at a presaur-e of 0.70 kgf/cm (10 Ibf/in2) and 3, min at 3.52 kgf/cm2
(501bf/in2). '

Five experiments were made at each pressure. In the first of these, the
quantity of water collected in the buckets was measured with all four sprinklers.·
discharging simUltaneously. In the other four, the contribution of each of the
individUal sprinklers was measured with the "remaining' three sprinklers'of the
array discharging to waste.' This wa~ arranged by placing 6 in internal diamete~
plastic pipes', 9 ft 6 in long, around the sprinklers not required and draining
the water: well outside the' collection area. .

,



3', Results

The results are given in Figures 2, 3', 4, 5 and 6 in' :terms of the volumes
collected in the buckets in cm3 These values have not been converted to rate
of flow per unit area, since only a comparison is required between the four
sprinklers operating simultaneously, and' the sum of ,the four individual sprinklers.
Figure 7 shows the sums of the volumes contributed'by'the four individual'
sprinklers, that is, the sum of the rates given in Figures 2, 3, 4 and 5.
Figure 8 gives the ratio of the volumes collected under the array to the 'sum of
the .four individual sprinklers, Le. the ratio of the values given in Figure 6
to' the corresponding values given in Figure 7. ' ,

4. Discussion and conclusions

The important 'question to be determined in' these experiments was'whether,it
was possible to predict the rate of water discharge per unit area and its distri­
bution for an array of four sprinklers from a knowledge of the water discharge
fro~ individual sprinklers. In pa~ticular, interest was focussed' on the central
regi~n of the area covered, since it is in this area that the'water coverage is
e~pected,to,be least satisfactory.

,The ratios given in Figure 8 show that at a pressure of 0.70 kgf/cm2

(10 Ibf/in2) there is good agreement between the volumes obtained below the
array and those obtained from the sum of the individual sprinkler contributions,
With an overall mean value of the ratio of 0.964. This figure means that there. . 1 . . . ..
was about 32 per ,cent'less: water within the' central 6 ft x 6 ft area than would
.be:expected'frommeasure~erts of ,the, quantities obtained from the individual
spr~~lers. ,The.dis9repancy between the two sets of results is of little
pra"tical,signific,!-n,ge and is' likely to be a measure of experimental and
computational error. ",At avpr-essur-e of 3.52 kgf/cm2 (50 Ibf/in2), the quantities

'of,~ater collectedwithin,the'6 ft x' 6 ft area were greater than the sum of
quantities from the individual sprinklers, with an average increase,of 35 per
cent over the 6 ft square area. Comparison of quantities collected, in indivi­
duai bucke.ts. showed increases up to 90-100 per cent in a few cases, This
increase in the qua~tity of water falling in the centre of the, area covered by
the sprinklers, over that pertaining to the discharge from, individual sprinklers'
is of c?nsiderable"practical significance., The effect, presumably ar-iaes as a
result of,the entrained air currents associated with the sprinkler sprays, which
produce a' movement, of air towards the centre of the array; 'The meeting' of ,
these currents, will 'result in a strong downdraught in the central area:which
rill cause water drops to rali in the central area which would otherwise have
been 'thrown outside'this area. The, result will be a 'concentration'of water in
the centre of the area covered by the array.

,~n FiWe 9 the ratios given i~ Figure 8 for a pressure of 3.52 kgf/cm
2

(50,,~bf/:1.n ) are presented grapht.ca.L'ly in terms of the percentage increase in
the.volume'of water falling at any point in the central 6 ft x 6 rt'area.
Contour lines Itave been drawn at intervals of 10 per cent. ,The pattern ,of
water entrainment is e. complex, one, with high values towards, the sides AB and
CD, th~ greatest entrainment occurring about an approximately central axis'
parallel to the sides AD'and'BC. The degree of entrainment at the centre of
the area is close to'the overall mean value of 35 per cent, 'add 'falls 'off
towards the sides AD and BC to ,values generally well below the'mean.
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It should be noted that the pattern of entrainment may be affected markedly
by other sprinklers operating adjacent to the array, as would be the case in
practical situations where more than four sprinklers operate.

5. Conclusions

At an inlet pressure of 0.70 kgf/cm2 (10 lbf/in2) there was no significant
evidence of entrainment of water at the centre of the area ~overed by the
sprinkler array. At a pressure of 3.52 kgf/cm2 (50 lbf/in ) 'there was an
entrainment of water ranging from 0 to 100 per cent, with a mean value over the
area of measurement of 35 per cent. The pattern of entrainment is a complex one
and suggests that it would be difficult to predict the water distribution beneath
a sprinkler array from a knowledge of the water distributions of each individual
sprinkler. A number of factors may contribute to the entrainment, such as the
area,covered by each sprinkler, the depth of the measuring plane below the
sprinklers, the type of sprinkler (spray or conventional), the make of sprinkler,
water pressure, type of array (i~e. its geometrical configuration), and the
sprinkler orientation (upright or pendent). Without a detailed knowledge of the
effects which can be produced by each of these factors on the entrainment pattern,
it is not possible to predict the water distribution from a knowledge of indivi­
dual sprinkler distributions with any degree of accuracy.

- 3 -
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a ,8/em (,....) dio pipe
to sprinklers

Range pipes
2'5cm {1j dia

Water
collection

area

A

Pressure
gouge

~O'69m(2'25'} Main distrib~tion pipe'
3·81cm \1112'') dia

c

~ 3'48m- (11 .4'W

B
x - Sprinklers

FIG. 1. ARRANGEMENT OF SPRINKLER PIPEWORK
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Pressure - 3'52 kgf Icm2 (50Ibf/in2)

c

B

300 300 2DO 270 250 270 280 JOO

300 310 310 2110 270 270 270 280

2CS0 320 320 310 280 250 2110 280

220 270 280 2110 2110 270 250 270

180 220 2a0 270 2110 300 270 270

150 180 210 240 270 2110 2110 270

..
140 ICIO 180 200 230 2C10 300 310

140 1150 170 140 210 250 2110 330

WATER QUANTITY - cm 3

D

A

c
150 210 2150 3ClO 340 450 5DO 15110

110 180 250 320 370 440 550 1530

110 140 230 330 400 4110 !ll0 570

!l!l 100 180 280 400 480 550 550

40 70 120 200 320 470 5150 540

35 50 85 140 2150 3g0 480 480

40 50 80 .100 170 290 380 430

50 50 70 gO 130 IgO 270 430

B

WATER QUANTITY·cm3

D

A

.- .
FIG.2: WATER DISTRIBUTION FOR SPRINKLER A'·
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Pressure - 0·70 kgf Icm 2 (10 Ibf I in 2)

C D

Pressure - 3· 52 kgf I cm2 (50 Ibf I in 2)

B

210 220 240 240 220 180 120 100

220 230 230 230 210 180 U50 140

220 230 230 230 220 230 240 270

230 220 210 210 230 280 330 390

220 210 200 220 250 310 aeo 410

210 200 200 230 270 310 3040 370

200 200 230 2eo 280 290 290 300

210 220 240 250 240 240 230 220

WATER QUANTITY - cm3
A

C

490 440 370 290 210 170 150 150

500 420 3eo 280 230 200 190 200

470 420 3eo 300 270 250 250 280

470 440 410 3eo 340 340 350 3eo

470 0460 480 470 470 470 430 390

390 440 500 540 520 510 440 350

340 370 420 .450 450 410 300 230

320 340 370 420 350 270 200 140

B
WATER QUANTITY -cm 3

D

A

FIG. 3. WATER DISTRIBUTION FOR SPRINKLER 'B'
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Pressure - O' 70 kgf I em2 GO Ibf I in2 )

C 0

2ao 2ao 250 250 230 230 210 2ao

240 240 270 280 280 2ao 2ao 230

220 230 270 2g0 330 320 330 300

240 230 250 280 310 350 380 3g0

250 240 240 250 300 340 400 440

270 250 230 240 250 300 350 420

270 280 2ao 250 230 240 zeo 300

2ao 2g0 280 250 220 190 180 190

B A
WATER QUANTITY - em3

Pressure - 3· 52 kgf I em2 (50 Ibf I in2
)

C 0

3g0 330 280 230 170 140 110 100

410 380 3ao 310 2ao 200 150 110

470 4ao 4ao 430 370 280 200 150

530 540 520 500 470 400 300 220

530 500 510 500 480 450 370 ~oo

480 430 410 420 380 390 370 330

'450 360 -310 270 250 aeo 270 2g0

430 340 2'10 190 170 170 180 210

8 A
WATER QUANTITY - em3

FIG. 4. WATER DISTRIBUTION FOR SPRINKLER ·C'
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Pressure - O·70 kgf I em 2 (10 Ibf I in2 )

CD

100 140 180 210 250 310 330 370

150 200 2aO 290 330 370 350 310

250 310 3aO 400 370 340 270 240

400 450 450 390 330 2aO 220 220

550 520 430 350 270 220 200 230

520 4aO 320 250 200 190 210 240

340 270 180 lao 150 180 220 250

150 130 100 130 lao 200 220 240

8 A

Pressure - 3· 52 kgf I cm2 (50 Ibf I in2)

C D

40 50 80 120 170 280 410 a40

50 70 110 180 270 440 aoo 750

80 120 180 300 430 590 700 850

120 180 270 360 470 500 550 a40

170 240 310 350 370 350 390 430

210 2tSO 280 270 2ao 270 330 400

200 220 210 200 200 240 320 420

160 lao 140 140 160 220 300 340

8 A
WATER QUANTITY - cm3 WATER QUANTITY - cm3

FIG. 5. WATER DISTRIBUTION FOR SPRINKLER '0',
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'Pressure - 0·70 kgf/cm 2 (10Ibf/in2 )

C D

840 gOO g~O 51150 5120 51150 gOO 880

8510 5170 1030 10" 10~ 1020 5170 5110

5160 1100 1140 11510 1140 10150 1030 1040

10:)0 icao 1120 1120 1120 1080 1120 11 so

1120 1140 1100 10~0 1020 10150 1140 1230

11~ 1100 5190 5120 5120 5170 1120 1220

1030 5180 870 840 8~0 900 1000 1060

860 810 800 790 800 800 8~0 8510

B A
WATER QUANTITY - cm 3

Pressure - 3'52 kgf I cm2 (50 Ibf lin2
)

C D

9'10 1100 1100 1320 1400 1~60 1620 1880

1000 11'10 1'100 1640 1800 1840 1760 1680

1220 1360 1620 20~0 21~0 2090 1960 1880

1320 1~00 1760 2120 22~0 2210 2120 20S0

1380 ISBO 1820 2OS0 2140 2110 2170 20~0

1340 1640 1880 1940 '920 1000 2000 20IC

1300 1SBO 1700 1780 1740 1660 1700 1840

1220 1~20 1660 1600 1600 1480 1440 1~80

B A
WATER QUANTITY - cm 3

FIG. 6. WATER DISTRIBUTION FOR SPRINKLERS A,B,C AND D. DISCHARGING
SIMULTANEOUSLY
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Pressure - 0'70 kgf Icm2 (10Ibf/in2 )

C D

870 g20 gOO g70 sso ggO g40 g70

910 g80 1070 1090 1090 1080 1040 g60

g50 rose 1180 1230 1200 1140 1090 1090

1090 1170 1190 1170 1160 1160 1180 1270

1200 1190 1130 rose 1110 1170 1230 1350 .

1150 roso goO 900 g90 1090 1190 1300

g50 910 850 870 890 970 1070 1160

700 800 790 770 830 880 920 g80

Pressure - 3·52 kgf I cm2 (50 Ibf Iin2)

C D

1070 1030 g90 940 890 1040 1260 1~8O

1070 1050 1080 lOgO 1130 1280 1490 1690

1110 1140 1230 1300 1470 1~80 1060 1850

1175 1200 1380 1500 1080 1720 17~0 rrro
.

1210 1270 1420 1520 1640 1740 17~0 1600

1115 1180 1275 1370 1420 1500 1020 1560

1030 1000 1020 1020 1070 1200 1270 1370

gOO 8g0 820 840 810 850 950 1120

B

WATER QUANTITY - cm 3

A B

WATER QUANTITY - cm 3

A

FIG. 7. SUM OF QUANTITIES OF WATER FOR INDIVIDUAL
SPRI NKLERS A, B,C AND D
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Pressure -0·70~ Icm2 (101bf /in2 )

C D
Pressure - 3'52 kgf I cm2 (50 Ibf I in2)

C D..
0,517 0'518 0'5151 0·5151 0·517 0·D7 0·5115 0'511

0·518 0·5151 0'5115 o·ge 0'5115 o-ss 0·513 o·g~

1, 01 , • 01 0'5115 0·517 o-ss 0·513 o·g~ 0·5115

o·ge 0'513 o·~ 0'516 0·517 0·D3 o g~ 0·514

0'513 0·5115 o '!l7 0'5115 0'512 0'511 0·513 0'511

',00 , '01 1'03 O,ge 0·513 0·8g 0'514 0·514

r- 08 1'08 , '02 0·517 o·gcs 0'513 0'513 0'511

1'13 r- 0' , • 01 r- 03 o·ge 0'511 0·512 0-51'

0·87 1·07 l' U 1 ·40 r- ~7 r-so 1 . 2&l 1 ·'51

0·83 , '051 1'30 i-so 1 .~g 1 '44 1 "8 1'00

, '10 1 '151 t- 32 1 . ~1 , '46 , '32 , '18 1'02

, '12 , '151 1· 28 1 '41 r- 34 1'28 1 . 21 1"15

, '14 , ':a4 "28 r-es 1 '30 , '21 , '24 "23

, • '7 1 • 3'l 1'48 1 '42 "3~ i- 22 r- 23 , '29

1 '2«5 1'~8 1'67 1 '7~ ',63 1'38 , '34
" 34

1·27 1·71 2'02 , ·511 t- ge "74 t- 53 1 '41

B A B A

Overall mean = O' 964 Overall mean 1 '35

OF QUANTITY OF WATER COLLECTED UNDER
OF QUANTITIES OF THE FOUR INDIVIDUAL

FIG. 8. RATIO
ARRAY TO SUM
SPRINKLERS
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PRESSURE:: 3·52 kgf!crn!{SOlbf/ln 2
)

c

B

D

A +
Feed

L

FIG. 9. CONTOUR ·DIAGRAM OF PERCENTAGE IN.CREASE
IN WATER QUANTITY _.UNDER ARRAY COMPARED
WITH SUM OF QUANTITIES OF INDIVIDUAL
SPRI NKLERS






