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SPRINKLER SYSTEM DISTRIBUTION EVALUATION USING
THE "SUPER | MPOSED METHOD

LIRQRUCTION:

Coefficlent of unlformity (C,) is the term used to cvaluate @’
how evenly water Is distributed from sprinklers. Small cans ore ploced
within a squarc {or gric) of U sprinklers, or vithin the triangle of 3
sprinklers, dcpendling upon whéther a square or triangie spacing of =
sprinklers is ured, and the o unt of water collieted in esch cen Is =
used to calculate the C,. The cans are placed on a 10 foot grid one at
each corner of the 10 ft grid, or one in the center of each grid,

The Cy Is a percentage, determined as explained latter.

TESTLIG A SPRIFLER SYSTEY, §H GPERATION:

To test a sprinkler system In operatlon cans are pleced between two
sprinklers on the line as zlwam in Fig 1. In this test cans are normally
placed at the center of the 10 foot grids. A sufficient number of cans =
must be used to assure that no water falls beyond the cans.

Superimposing the Gan=Catch Data *

The number of rows of cans depends upon the sprinkler spacing on the
lateral. Thus Fig 1 with 5 rows of cans would be for a 50 ft sprinkler =~
spacing.

The lines of cans to superimpose depends upon the distance the =
sprinkler lateral is moved. Flg 2 is on example of how to determine the 1
lines to superimpose if the lateral is moved 40 ft each time.

% “Can=Catch" Is a term used to mean the amount of water caught in
the cans. ’

¢



Fig1 Grid Svstem for Placement of Cans between Two Sprinklers,
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Figure 2: The lines of cans, from Fig 1, to add together
to determine the water falling, within a rectangle

for a 4O ft lateral move.
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The first position of the sprinkler lateral Is shown In red and
the water falling within the rectangle would be collected In cans f:om
lines 11, 12, 13 and 14, The water falling within the rectangle from
the second posltion, shown In blue, would be collected In cans from =
lines 7, 8, 9 and 10, from the third position, shown in black In cans
from lines 3, 4, 5 and 6 and from the fourth position, shown In green
from 1 and 2.

Thus from Fig®s 1 and 2 the lines of cans to add together for aﬁ
Lo feet lateral spacing would be:

1, 5 9 13
2, 6, 10 1t
3, 7, 11,15
4, 8, 12, 16

A diagram similar to Fig 2 can be constructed for any lateral spa-
clng and Fig 3 shows the lines which would be added together for a 20,
30, 40, 50 or 60 lateral move.

Fig. 3 Lines of Cans To Be Added Together for Different Lateral Spacing

oot Spaci 50 Foot Spacing
t, 3, 5 7, 9, 1, 13, 15 1, 6, 11, 16
2, 4, 6, 8, 10, 12, 14, 16 2, 7, 12, 17
3, 8, 13, 18
b, 9, 14, 19
5, 10, 15, 20
oot n x !Q Foot Spa i
1, 4, 7, 10, 13, 16 1, 8, 9, 13
2, 5, 8,11, 14, 17 2, 6, 10, 14
3, 6, 9, 12, 15, 18 3, 7, 11, 15
€0 Foot Son L, 8, 12, 16
1, 7, 13, 19
2, 8, 14, 20
3, 9, 15, 21

4, 10, 16, 22
5 1, 17, 23
6, 12, 18, 24



This method reduces the time end effort to collect the necessary
viater. To obtained good results all messurements must be accurate.

The water collected In the cans Is usually measurad with a gra=
duated cylinder and converted to Inches or centimeters of depth,

Appendix A Fig’s 9 through 19 show the fleld data collected and
the evaluations for different sprinkler lateral spacing. The test was
made on August 19, 1971 in the Zopotltan Valley, El Salvador.

Fig 9 Is the test data and Fig 10 Is the distribution pattern.

RETERMINING THE COEFFICIENT OF UNIFORMITY, :

The coefficlent of Uniformity (C,) Is the most commonly used statls-
tical method for evaluating sprinkler system preformance. The €, Is a =
percentage from ) = 100% however, any value less than 80% generally in=
dicates poor uniformity.

The water caught in the cans is plotted as shown in Fig 10 and the
appropriate can lines are added together to determmine the total amount of
water applied at each point for any glven spacing (See Fig 3).

The formula for determining the €, Is as follows:

c, = ‘100 (1.0 - = ) .

mn .
Whens C, = coefficient of uniformity

xx = difference between Individual observations and
© * the mean observation. .

Sum of all the x differences

Mean value (observation) -

Z X X
2

u Number of observation points

H

CALCULATIONS FOR C, . S

The calculations for the field test of 19 August are shown In Flg’s
11, 12 and 13 for a 40, 50 and 60 ft sprinkler lateral spacing. Thus =
from one set of fleld data the best spaclng can be determined. The re-
sults of this test shown that a 40 x LO ft spacing gave a C, of 93.88%
LOx50 ft gave 92.8% and 40x60 83.6%. Elther the 40xh0 or the Lox50
spacing would glve good results.

These tests were conducted under condlitions of no wind. Windy con=
ditions would aféect the €, and perhaps a different spacing would be ne~
cessary.



Fig®s 14, 15 and 16 show contour lines of equal distribution of
watar from the three spacing.

Additional Information, In Fig”h, 5 and 6 Is the percent of water
spplied to each 10 x 10 ft area. Note that with the 40 x LO ft spacing
37.5% of the area received less than 100% of the water applied. The =
L0 x 50 spacing had 45% of the area recelving less than 100% of water =
applled and the 40 x 60 spacing had 54.2% recciving less than 100% of water
applied. The calculations are shown in the appendices Fig’s 17 and 18 and

19.

c p v Lo x Lo §
% of Area Recelving less than
%of water anplled
6.25 % 85 %
18.75 % 90 %
55 % 100 %
87.5 % 105 %
87.5 % 110 %
115 %
i ' L 0_Spa
¥ of Area Receiving le:s :hil-
5 ¥ -
hs % 100 %
7% % 105 %
8 % 1o %

100 % 15 %



Elg 6. Porcent of Water Applied to Each Area. 40 x 60 Spacing.

% of Areca Recelving less than

~Lof Vater Aopliad.
100 % 140 %
95.9 % 130 %
8'7.5 % 125 %
79.2 % 120 %
70.9 % 115 %
66.7 % 110 %
62.6 % 105 %
54.2:% 100 %
1.7 % 95 %
25.0 % 90 %
20.9 % 80 %
lﬁ‘g % 75 %

h.2 % 65 %



CALCULATING €, FROM A SINGLE SPRINKLER TEST

it Is also possible to calculate C, from the water collected In
cans from 3 slngle sprinkler. 7The advansdages are that any combination
of sprinkler spacing or line spacing can bo used to calculate and =«
detemine C,.

Flcdd tests nos. 15, 18, 27, 29, L6 and 47 conducted by Mlké Mona=
han and Lonny graduate students from Utah State University
are shown in appendix B as Fig's 20 through 37.

Using test No. 29 as an example the calculatlons are as follaws:
The distribution pettern Is divided Into & quertervsections, N.W. =
N.E. S.W. and E.S. as shown in Fig 7. (n Fig 8 a rectangle is drgun
on a b0 x 40 ft spacing. The $.W. quarter~scction of Fig 7 Is then pla=
ced with the sprinkier in the upper right hadd corner of the rectangle
and the water collected in the cans within the rectangle Is recorded as
shown In biack. Tle querter=section is then placed on all other positlons
which affcct the rectangle. First it s placed directly chove with the
flcures shown in blue, then to the right with the {lgures shown in red
and then to the upper-right wiht the figures shiown in green. Other po=
sltions above and to the right which might affect the designated rectan=
gle must also be considered. Hone of the water from the green area =
reach the rectangle. Note that the cans for these tests are located on
8 10 ft grid, starting atL the sprinkler.

In a like manner the N.W., N.E. and S.E. quarter=section would need
to be placed on Flg 8 and the cans of water which fall within the rectan-
gle added. The water collected in a 40’'x 4O ft spacing is shown in Fig
37 and the calculations for C,, done In & slightly different manner are
shown in Fig 38.

In Fig®s 39 through U the calculations for a L0 x 50 ft spacing,
a Lo x 60 ft spacing and a 30 x 50 ft spacing from test No. 29 are given.
The €y for each spacing is:

Spaclng Cy

ho x Lo ft 84
Lo x 50 ft 81
Lo x 60 ft 72
30 x 50 ft 85

in Flg®s 45 thrpugh 52 the calculations for different tests and
spacing are!



Test HNo. Spacing
AR

S

18 4o x LO ft ‘ '90.7 %
L6 - 30 x50 ft - 80.3 %
u6 b0 x Lo ft 91.7 %
46 4o x 50 ft " 80.3%

i
-

These results show the ‘importance of choosing the correct spacing
for a sprinkler depending upon the operating ceondtions.



Fig. 7 DISTRIBUTION PATTERN FROM FIELD TEST No. 29 29 AUGUST, 1971
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i

Flg: é: Placement of S.W. quarter=section of Flg. 7 in
the four locations which affect the LOxh0 ft.
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AP ENDII X A

FIELD DATA AND CALCULATIONS FOR COEFFICIENT

OF UNIFORMITY (C,) FROM TESTS CONDUCTED.

19 AUGUST 1971
ZAPOTITAN VALLEY

EL. SALVADOR, €. A.



1) Date 19 August 1971
2)  Time End 11310
Start 10314

Total 1 hours

35 ‘Pressure (psi)
Start bl h
End 42 42

4) Discharge
Handbook 5% gpnlu
Bucket 5.64 -

5) Application

; . § p a.c ¥ n g ,/M

) © hosh0  C bOXSO " hoxéo \; 4
a~ Hand book. S 33 1i/hr | .26r5 11/hr .22 (I,J,‘/hr
b= Bucket . - .34 11/he 271 1i/he .226 1/hr
c* Mean value from - o ‘.

can catch .281 11/hr 225 11/hr .187 11/hr

6) Wind 1.78 mph

pirection - North=East’



FIG 10, DISTRIBUTION PATVERN FRON FIELD TEST. RAINBIRD No. 30 WITH
" " ' 1 L '
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Fig 11
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FIG 13 Cr' CULATIONS Lox60 =T SPACING FOR FIELD TEST OF 19 AUGUST 197!
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Flgure 14: Contour lines of equal distribution of water
inches per hour 40 x 4O spacing. Field test
19 August 1971,

Fig. 15: Contour lines of equal distribution of water inches
"per hour LOx50 spacing. Field test 19 August, 1971

J0
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FIG 17 CALCULATIONS FOR DETERMINING PRECENT OF WATER APPLIED TO EACH
10x10 FT AREA _40xL0 SPRINKLER SP.CING FIEID TFST 19 AUGUST 1971

% of Area . in/hr % of Ave Receiving less than:
% of viater apolied
100 0.316 113 115 %
0.312 112 110
g;:g 0.291 104 105
0.291 104
0.291 10.4
0.291 104
0.287 103
0.283 101
57.5 0.283 101 100
0.279 98
0.275 o8 95
18.75 0.262 ok 90
0.246 88
6.25 0.238 86 85
0.230 32
Total L.458
Ave 278
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FIG 18 CALCULATIONS FOR DETERMINING PERCENT OF WATER APPLIED TO EACH
10x%0 FT AREA _LOx50 FT SPRINKLER SPACING FIELD TEST 19 AUGUST 1971

% of Area In/hr % of Ave Receiving less than
% of water apnlied
100 0.258 115 115
0.254 13
85 0.246 110 110
0.238 106
75 0.238 106 105
0.234 104.5
0.234 104.5
0.230 102.5
0.230 102.5
0.230 102.5
0.226 101 100
Ls 0.221 98.7
0.217 97
0.213 95
0.213 95
75 0.201 89.5
0.197 38
0.197 38
0.197 38
0.193 86
TOTAL L.L67
Ave. 224
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FIG 19 CALCULATIONS FOR DETERMINING PERCENT OF WATER APPLIED TO EACH
10x10 FT AREA LOx60 SPRINKLER SPACING RAINBIRD No. 30 WITH 9/6Lx3/32

FLELD _TEST 19 AUGUST 1971

%.of Area in/hr % of Ave Receiving less than
% of water applied
100 0.256 137 140
95.9 0.240 129 130
87.51 0.240 129 125
0.230 123
79.2 0.227 121 120
0.223 119
70.9 0.215 115 15
. 66.7 0.210 112 110
62.6 0.202 108 105
0.194 104
54.2 0.190 101 100
0.186 939.5
0.178 95.5
41.70 0.178 95.5 25
0.176 9k
0.173 92
0.169 90.3
25 0.169 90.3 90
" 20.9 0.165 88 80
0.148 79
12.5 0.140 75 75
0.136 73
0.133 7 65
0.116 62
TOTAL b bgl
AVE 187



APPENDI X B

FIELD DATA AND CALCULATIONS FOR COEFFICIENT OF UNIFORMITY
(C,) USING A SINGLE SPRINKLER TEST 15, 18, 27, 29, 46
AND §7

CONDUCTED BY

MIKE MONAHAN

LANNY PATACK
GRADUATE STUDENTS
UTAH STATE UNIVERSITY

AT
ZAPOTITAN VALLEY

EL SALVADOR
JULY = AUGUST 1971
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FIG. 28 AMOUNT OF WATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

4Q x 40 FT. SPACING, AS SUPERIMPOSED FROM TEST Mo, 29
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No.

e

21 s n

Mean

cu

INCHES PER HOUR

RN
A06
402
.396
.392
.370
.712
.338
.662
.326
.31
303
«295
.283
.260
.25k
246
A8

215
6.654

.089
.085
.079
<075
+053
.039
.021
015
.009
006
014
1002
~034
.057
.063
071
075
.102

6,656 = 317 inthr

21
100 (1 - 1.038)
6.65
100 (1 = .156 )
Bh.b %

NX
.089
.085
.079
.075
.053
.790
.021
.690 °
.009
.006
.0th
.022
034
.057
.063
071
150

1.038

X1

.078

.030



FIG L0 AMOUNT OF WATER WHICH WOULD HAVE BEEN COLLECTED
AiQ x 50_FI SPACING AS SUPER=IMPOSED FROM TEST Ho. 23,

22k
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FOG. 41 CALCULATIONS FOR C, FROM DATA IN FIG 39 Lo x 50 SPACING TEST
No.. .29

INCHES PER HOUR

RATE NUMBER RN X NX

7281 1 .281 .070 .070
277 1 277 . 066 .066
.268 1 .268 .057 .057
.256 1 «256 <045 045
254 1 <254 L043 .0L3
.248 2 4ig6 .037 .07k
.238 1 .238 .027 .027
234 2 468 .023 .0l6
.230 1 .230 .019 .019
.228 1 .228 .0t7 .017
224 1 224 .013 . .013
.213 1 .213 . 002 .002
211 1 .211 .000 .000
195 1 195 .016 .016
189 1 189 .022 .022
187 1 187 024 .02}
176 1 , 176 .025 .025
168 2 4336 .043 .086
156 1 .156 .055 .055
148 1 148 .063 .063
137 1 137 074 .074
137 1 131 *.080 .080
. . 11

> uﬁm-ﬂ%wm " m%-.

26 Cu =100 (1 - 1.035)

=100 {1 ~ ?iﬁ??
e 81.1 %



FIG 42 AMOUMT OF WATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

40 x 60 FT SPAGING AS SUPERIMPOSED FROM TEST No. 22
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FIG 43 CALCULATIONS FOR C. FROM DATA IN FIG 41 40 x 60 SPACING TEST No. 29

INCHES PER HOUR

RATE N: RN X NX
.316 ' .316 116 16
291 1 .291 .091 .091
.287 ! .287 .087 .08/
.268 " .268 .068 .068
.252 2 .504 .052 .10k
.250 3 .750 .050 150
.248 3 L7hh 048 J44
.24h 1 2hY Ol .Oub
.232 1 .232 032 .032
.225 1 .225 .025 .025
.208 2 - 416 .008 .016
196 1 .196 .00k .00k
.190 1 .190 .010 .010
.182 1 .182 .018 - .018
172 1 - 172 .028 .028
170 2 .340 .030 .060
.153 1 .153 047 047
124 1 Ja2h .076 .076
118 1 118 .082 .082
.099 2 .198 101 - .202
.091 2 .182 109 .218
.01 1 0B M9 _ug
N= 31 6.213 .7 w3

Mean = §.:?=l3. » 200 In/hr

1oo (1-1.7L1 )
4 100 (1~ 5‘] Bo)

s 72 %

(3]
1]



FIG bl ANOUNT OF WATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

30 x 50 FT SPACING AS SUPERIMPOSED FROM TEST No, 29

+351
ko5
L26

. 289

INCHES PER HOUR

283

] 381’

.363

«330

302

«279

+320

408

407

«353

283

o258

-~

374

A1

382

«260



FIG 45 CALCULATIONS FOR C, FROM DATA IN FIG 43 30 x 50 SPACING TEST

No. 29
INCHES PER HOUR

RATE N RN X NX
426 1 426 .033 .083
Ai16 S A1 069 .069
403 1 408 .065 .065
407 1 JAio07 . 064 .064
405 1 405 .062 .062
.384 1 .38k .Olt .0l
.362 1 .382 .039 .039
374 1 374 .031 .031
.303 1 .363 .020 .020
<353 1 «353 .010 .010
.35 1 .351 .009 .009
(330 1 .330 .013 .013
.320 1 320 .023 .023
.302 1 .302 .0k 041
.289 1 «289 054 .05k
.283 2 .566 .060 120
279 1 279 .64 .. 064
.260 1 .260 - .033 .083
«258 i —lsf .085

20 = n 6.868 0.976 =

Mean = 6.868 = 0.343 '

€y = (f?o - 0.976)

Cy s (1.0~ 8:?&? )

c, = 85.9%

xt



FIG 46 AMOUNT OF WATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

4o x L P S SUPERIMP 1

INCHES PER HOUR

X 184 .169 176 X

182 " .188 214 210 .;82
153 .210 .239 .221 | .153
180 .200 .202 .202 .180

X .180 168 176 K



FIG 47 CALCULATIONS FOR C, FROM DATA IN FIG 45 10 x 40 FT SPACING TEST
o, 18

{NCHES PER  HOUR

RATE N RN X NX
.239 1 .239 .050 .050
.221 1 .221 .032 .032
214 1 21k .025 .025
.210 2 120 .021 . 042
0202 2 102 013 .026
.200 1 +200 011 .011
.188 1 .188 .001 .001
184 1 184 .005 .005
182 3 546 .007 .021
.180 2 .360 .009 .018
176 2 352 .013 026
.169 2 .338 ©.020 .040
153 - 306 .036 72,
n = 21 3.970 0.369 = 3

Mean = 3,920 = 0.189 in/hr
21

cU - '00 (,.0 - M[w
3.97

z 100 (1.0 = .0928)
 90.7 %



FIG 4B AMOUNT OF VIATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

30 » 50 FT SPACING. AS SUPERINPQSED FROM TEST No, 46

INCHES PER HOUR

X 508 523 X

462 Li22 «30 463
G .306 <295 3k
«293 326 J31h «293
A72 413 Li22 472

" .508 .523 X
X



FIG-49 CALCULATIONS FROM C, FROM DATA IN FIG 47 30 x 50 FT SPACING
JEST Mo, 16

INCHES PER  HOUR

RATE N RN X NX
+523 2 i.046 Jq19 238
508 2 1.016 .104 .208
Ai72 2 bl 008 .136
L63 1 463 059 .059
462 1 L62 653 .058
420 1 430 .026 .026
422 2 110 .018 .036
413 1 A2 .003 .009
.326 1 .326 .0/8 - .078
3tk 3 .9h2 .090 .270
<306 1 .306 038 ) .088
+295 1 295 109 . .10§
«293 —eee ,___,5_'3§__. 11 222

n=20 8.073 _ 1.547

' s rn
Mean = 3,073 = Lok
fu = 10020(1 - 1.847)
§.073

’ 100 (1 = .191)

80.3 %

R



FIG 50 AMOUNT OF WATER WHICH WOULD HAVE BEEN COLLECTED IN CANS ON A

Lo p ypP p

INCHES PER HCUR

X\ 388 359 A5 X
100 38 295 368, b0
<355 338 «328 k2 .361

h33 k05 «351 A M27

X .392 " 4359 M25 X.



FIG 51 CALCULATIONS FOR C, FROH DATA IN FIG 49, L0 x 4O FT SPACING
I6ST ln, L6

INCHES PER HOUR
RATE N RH X NX

27 1 427 .0l3 048
433 1 433 .05k .05k
425 2 850 .06 .092
A1 1 A1 . ,032 ,032
05 2 810 .026 .052
400 1 400 021 021
.382 1 .392 .013 .013
.388 3 1.164 .009 .02
,361 i 1361 .018 018
«359 2 .718 .020 J0ko
.355 1 .355 .02 .02
351 1 .351 .028 ,028
342 1 .342 .037 037
.338 1 .338 .okt 041
" 328 1 .328 .051 051

.25 . i .06k “'3?%%‘:;

Hoan ©.2.915. = 0.379 "/hr

G, = 100 (1= 6,62 )

7.975
= 100 (1 - .083)

" 9.7 %



FIG 52 'AMOUNT OF WATER WHICH WOULD HAVE BEEN CC;LLECTED IN CANS ON A

L0 x50 FT SPACING AS _SUPERIMPOSED, FRQM TEST Mo, LG
‘ INCHES PER  HOUR R e
[3 ’ = Y « i R .

X 389 356 7 koo X
351 - 351 Je-e272 0 - L339 w351
200 240 © 200 T .236 ", 240
20 .228 | . 231 . .23 24k

t

*
-

Y

' ' ' SR z. z. A
.370. ' - 13‘8 : ‘0272 fa .350 . : 0370

X B9 o3k Lhog LK



FIG 53 CALCULATIONS FOR C, FROM DATA IN TEST 51 LO x 50 FT SPACING
" IEST No, 46 -

INCHES PER HOUR

_ RATE N RN X NX
.4og 2 .818 .073 L6
.389 2 .778 .053 106
.370 2 .750 .034 .063
364 1 .36 .028 .028
.356 1 ;:396 .020 .020
.351 3 1 .955 015 .05
.350 1. r%o .04 .01k
339 g ‘.3'35 .003 .003
w0 7~ 2387 .018 .018
272 2 o . 06k .128
.24 2 :’"'qisu .092 .18 -

240 '3 .7.{(1 .096 .288
.239 N +239 097 .007
.236 1 .236 .100 .100:
.231 2 462 .105 .210
.200 1 2260 _ .136 | A%

o2 8. 063 1.591 & §
S mn

Heen = 1,3..__3,6.8.- .336 Yy
2
g =0 -1.59)
3.068

=100 (1 ~ .197)
® 80.3 %



