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PURPOSE 

At the request of the Bureau's Pacific Northwest Regional Office, tests were conducted 

to evaluate the opera t ional  characteristics and maintenance requi rements  of several 

Griswold flow control  valves. The  valves were proposed for the Yakima Project,  

T ie ton  Division in the Yakima-Tieton I r r igat ion District in Washington State. Tests 

were performed to verify the manufacturer 's  specifications of performance and 

suitabili ty for a pressurized sprinkler  irrigation application. 

. °  

INTRODUCTION 

Flow control  valves have been used on spr inkler  i rr igat ion systems for many years. 

However, their  performance has not  consistently satisfied the needs of both  the user 

a n d  system operator.  Griswold flow control  valves - -  Griswold Controls of Irvine, 

California - -  were tested to de termine  the capabil i ty for delivering a constant flow 

rate •within a +5 percent  band over a design pressurecont ro l  range. 

The  valves operate  on the pr inciple  of orifice control. They respond to pressure 

different ial  by using a calibrated spring that  adjusts the orifice area exposed to the 

flow which keeps the flow constant. Basic valve components  are shown on figure 1. 

These valves are available in four different ial  pressure ranges (1.3 to 20, 2 to 32, 4 to 57, 

and 8 to 128 l b / i n  2) and have flow rates ranging from 0.5 to 12,750 gal /min.  Four  valve 

models were tested: 



In  the 8-* to 128-1b/in 2 range, two flow control valves were tested: 

a 1 ½-inch threaded  minivalve model (fig. 2) rated at 24 gal /min,  and 

a 3-inch threaded cluster model (fig. 3) with three flow cartridges: 

m a 95 gal /min,  

- -  a 100 gal /min,  

a 150 gal /min,  and 

having discharge ratings of: 100, 245, and 345 gal /min.  
i 

In  the 4- tO 57-1b/in z range, two flow control valves were tested: 

a 3-inch threaded inl ine model (fig. 4) rated at 100 gal /min,  and 

a lO-inch flanged cluster model (fig. 5) with ten lO0-gal/min flow cartridges 
J 

delivering a total  flow of 1,000 gal/min.  

In  addi t ion to these discharge tests, the 3-inch threaded cluster valve and the 3-inch 

threaded  inl ine valve were tes t ed  to obtain operat ional  characteristics and to check 

maintenance  rqu i rements  under  different  debris loads at a flow rate of 100 ga l /min  at 

50-1b/in z pressure d i f ferent ia l .  

SUMMARY 

1. Discharge tests on the 1]/2-inch threaded  minivalve compared with the manu- 

facturer 's specifications of a constant flow (+5 percent) over the 8- to 128-1b/in 2 

dif ferent ia l  pressure control  range. The only major depar ture  from acceptable values 

were data below the +5.percent  band by an addi t ional  28 percent  at the  low end of the 

different ial  pressure range (10 to 15 lb/in2). 
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2. Discharge tests on the 3-inch threaded  cluster valve showed varying degrees of 

comparison with tha t  of the manufac turer  - -  depending  on the flow cartridges used. 

Flow cartridge combinat ions of 100 and 245 ga l /min  compared well at the lower back 

pressures appl ied to the valve. However, at 50- and 75-1b/in z back, pressures, most data 

points  fell above the +5-pe rcen t  band. The  345-gal/min combina t ion  was mostly 

above the manufacturer ' s  -4-5 percent  band at all back pressures tested. An addit ive 

error  effect in the discharge was noticed when each addi t ional  flow cartridge was 

inserted in the valve to obtain a higher flow rate. 

3. Discharge tests  on the 3-inch threaded  inl ine valve compared fairly well with the 

manufacturer 's  specified flow accuracy. About one-half the data points  fell above the 

+5-percent  band at all back pressures tested for the upper  half  of the pressure control  

range. ,, 

4. Discharge tests results on the 10-inch flanged cluster valve indicate excellent 

comparison with the manufacturer ' s  flow accuracy. All data points  fell wi thin  the 

+5-percent band throughout  the pressure control range. 

5. Debris tests performed on the 3-inch threaded  cluster valve and the 3-inch threaded 

inl ine valve aff irm the manufacturer ' s  debris recommendations.  Using a U.S.A. 

s tandard  sieve No. 20 ups t ream of the valve appears adequate  for most debris loads. 

One should consider smaller sieve sizes for an irr igat ion project location subject to 

heavy silt or sand loads. The  study showed the No. 20 sieve screened sand indicated a 

discharge reduct ion of 15 percent.  Sand particles also fouled and h indered  movement  

of the spring-controlled piston; consequently,  the piston requi red  cleaning to obtain 

design discharge. P ine  needles and aquatic weeds plugged orifice areas and flow rates 

reduced as much as 70 percent.  Test  data from comparing the two 3-inch valve models 

subjected to similar debris loads showed no significant differences. Maintenance was 

not a problem on the 3-inch threaded  cluster valve assembly; fouled or damaged flow 

cartridges could easily be removed and cleaned or replaced. 

3 



TEST FACILITY 

Testing was done at the Bureau of Reclamation's Hydraulic Laboratory in Denver, 

Colorado. A high-head pump was used. Each of the four valves was placed in series 

with the pump (fig. 6). Pressure measurements  upstream and downstream of the  test 

valve were made with pressure" transducers as indicated on figure 6. Transducer  

o u t p u t s  were recorded on a chart recorder. The  me thod  for recording discharge 

through the flow control valves depended  on the flow rate magnitude.  

• Low flow rates (24 and 100 gal/min) were measured with a weighing tank. 

• • Midrange flows (245 and 345 gal/min) were measured with a calibrated orifice 

meter. 

• The  high flow rate (1,000 gal /min)  was measured using a calibrated 8-inch ventur i  

meter. 

Upstream and downstream pressures could be adjusted by throt t l ing  gate valves on 

ei ther  side of the test valve. 

Debris testing was done on the same piping arrangements  as the discharge tests. A 

standard 6-inch tee was modif ied  to hold a 200- to 400-mL debris sample which was 

injected into the flow (fig. 7) after a steady-state condit ion was achieved. 

¢ 



! 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
i 
I 
i 
! 

I 

TESTING 

Discharge Accuracy 

1. T h e  1½-inch threaded minivalve was in the 8- to 128-1b/in 2 differential pressure 

range and had a 24-gal/min flow cartridge. Tests were run at five back pressures 

ranging from 0 to 75 lb / in  2 through the entire differential pressure range. Test results 

are in'table 1 and on figure 8. Approximately two-thirds of the data points fell within 

the band (-t-5 percent of design discharge) set by the manufacturer. The only major 

discrepancy was in the lower end of  the differential control range (10 to 15 lb/in2). In 

this range, data were below the acceptable operating range where some points were 

33 percent below design discharge. 

2. The 3-inch threaded cluster valve was in  the 8- to 128-1b/in 2 differential pressure 

control range and had three flow cartridges that were tested at three design 

:discharges; i.e., 100,245, and 345 gal/min. These test results are intables 2, 3, and 4 and 

on figures 9, 10, and 11, respectively. 

• One 100-gal/min flow cartridge and two blanks were used during the 100-gal/min 

test. One-third of the data points fell above the +5-percent bancl. These points 

occurred at back pressures of 50 and 75 lb / in  2 above 60-1b/in 2 pressure 

differentials. 

The 245-gal/min tests had two flow cartridges and one blank. Again, one-third of 

the data points were above the +5-percent band. These points occurred at the 

50-and 75-1b/in 2 back pressures but within the range of 25- to ll0-1b/in 2 pressure 

differentials. 

The 345-gal/min test had all three flow cartridges in place. About two-thirds of 

the data points fell above the +5-percent band. These occurred in the 30- to 

110-1b/in 2 pressure differential range at back pressures of 40, 50, and 75 lb / in  2. 

5 



3. The  3-inch threaded inl ine valve was in the 4- to 57-1b/in 2 differential  pressure 

control  range and had a 100-gal/min design discharge. Test results are in table 5 and on 

figure 12. One-half of the data points fell above the +5-percent band. Data indicate 

flow th ro ugh  the valve at a rate greater than  design discharge at all back pressures 

applied (12 to 60 lb / in  2) through differential  pressures ranging from 20 to 57 lb / in  2. 

4. The 10-inch flanged cluster valve was in the 4- to 57-1b/in 2 differential  pressure 

control  range and was set at 1,000 gal/min. The  valve contained ten 100-gal/min flow 

cartridges and one blank. Test results are in table 6 and on figure 13. All data  points  

fell within the +5-percent band. 

Debris Tests 

Because of the operating concept of the Griswold f lo~ control valve (adjustable orifice 

area), debris is a serious concern. The  manufacture~ recommends screening water to 
i 

the valve with at least a U.S.A. s tandard sieve No. 20. Debris tests were run  to verify the 

No. 20 sieve and to observe how the valve functions when larger debris enters it. 

Debris tests were done on the 3-inch threaded cluster and the 3-inch threaded inl ine  

valves at a steady state of 100-1b/in 2 pressure upstream of the valve and 50 lb / in  2 

downstream of the valve. A 100-gal/min flow cartridge was in place in each valve. In  

the cluster valve, the 100-gal/min flow cartridge Waspositioned below and slightly off 

center of the incoming supply line. A debris sample of 250 to 400 mL was placed in the 

injection chamber  and, when steady-state operat ing condit ions were obta ined  it was 

injected into the flow. After injection, pressure and discharge were moni tored  over a 

durat ion of 20 to 30 minutes. 

Several types of debris samples were used in the testing. Sand was tested for several 

sieve sizes; i.e., U.S.A. standard sieve Nos. 6, 10, 14, and 20 (0.141-, 0.065-, 0.0331-, and 

0.0168-inch openings), respectively. Dry pine needles in about  1-inch lengths were 

tested and some debris collected from traveling water screens in the project  area. The  

latter debris consisted mostly of moss and Other aquatic weeds. 
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All sand sizes were tested through the 3-inch threaded cluster valve; results are in 

table 7 and on figure 14. Clogging of the orifice areas is evident as shown on figure 15. 

However, clogging did not  seem to be the major  problem. When the flow cartridge was 

cleaned and replaced in between test runs, about  15-percent decline in maximum 

discharge was noted.  This  temporary  loss in flow rate was due to fouling of the 

spring-loaded piston. Apparently,  small sand particles lodged between the movable 

p i s t on  and the valve body and restricted piston movement.  After more thorough 

cleaning, the valve operated at design discharge (before debris injection). 

In  addi t ion  to the sand sizes tested, dry pine needles and field collected debris were 

tested in the 3-inch threaded cluster valve. Results are in table 7 and on figure 14. 

Major port ions of the orifice areas were plugged by those two debris (fig. 16). I t  is 

noted this material  was unscreened and tested strictly to observe operation.  

Several tests were run  on the 3-inch threaded inl ine valve. Sand passing through a 

No. 20 sieve, dry pine needles, and field-collected debris were each tested in this valve. 

Results are in table 8 and on figure 17. Nearly identical  results were found for the two 

3-inch valves tested. Flow rate reduct ion was slightly less th rough  the 3-inch threaded  

cluster valve (versus the 3-inch threaded  inl ine valve), probably  due to the increased 

turbulence near  the flow cartridge caused by the larger chamber area (fig. 18). 
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T a b l e  1 . -  Discharge test results, 
l ~.inch threaded minivalve, 
24.gal/min design discharge 

P r e s s u r e  Discharge Back 

di f ferent ia l  pressure 
l b / i n  2 ga l /min  lb / in  2 

4 
10 

25 
50 

73 
98 

123 

150 

6 

10 
16 

50 
75 

100 

123 
141 

5 
13 

24 
51 

73 
100 
125 
151 

4 

9 
28 

75 
100 

123 

6 
11 

28 
49 

73 
99 

4.2 0 to  2 
18.9 
2"3.5 
23.1 

21.9 " 

21.5 
22.1 " 

25.7 

16.5 
21.8 
24.4 

24.1 

23.4 
23.6 
25.5 

26.0 

4.1 
21.8 

24.5 
23.8 
22.3 
21.3 
24.8 

26.6 

3.6 
16.0 
24.7 

22.1 
23.5 

24.8 

13.6 

19.7 
25.2 
23.4 

22.8 
25.3 

9 to  12 

22 to  27 

47 to  52 

72 to  76 

8 

T a b l e  2. - - D i s c h a r g e  test results, 
3.inch threaded cluster valve, 
l O0.gal/min design discharge 

Pressure Discharge Back 

di f ferent ia l  pressure 
l b / i n  2 ga l /min  l b / i n  2 

5 83.1 2 to  5 
10 98.1 " 
25 1 0 1 . 9  " 
50 100.9 " 

75 102.4 " 

100 101.9 " 
125 101.9 " 

150 110.1 " 

6 81.3 19 to  26 
10 93.4  " 
25 103.3 " 
50 102.7 " 

75 104.3 " 
100 104.3 " 

124 102.4 " 
164 116.3 " 

5 72.2 49 to 50 
11 98.1 " 

25 103.6 " 
48 104.0 " 

76 107.5 " 
101 105.8 " 
125 106.0 " 
150 114.9 " 

6 83.1 74 to  76 

10 98.7 
25 103.9 " 

51 103.3 " 

74 107.8 " 
125 107.2 ~ " 

150 116.2 " 
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T a b l e  3. Discharge test results, 
3-inch threaded cluster valve, 
245ogal/min design discharge 

P r e s s u r e  D i s c h a r g e  • B a c k  

d i f f e r e n t i a l  p r e s s u r e  

l b / i n  2 g a l / m i n  l b / i n  2 

10 232.5 10 t o  12 

25 249.9  " 

52 243.7  " 

66 236.5  " 

75 237.8  " 

95 2 3 4 . 4  " 

127 236.5  " 

10 230.2 

24 241.8  

50 248.5  

72 243.4  

101 239.8  

126 239.8  

24 t o  26 

10 2 3 6 . 2  49 t o  51 

24 256.2 " 

53 261.7  " 

74 259.9  " 

105 255.1 " 

130 252.3  " 

237.1 

258.8  

259.9  

263.3 

261.1 

253.8  

10 

24 

50 

77 

101 

125 

74 t o  75 
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T a b l e  4 . -  Discharge test results, 
3.inch threaded cluster valve, 
345.gal/min design discharge 

P r e s s u r e  D i s c h a r g e  B a c k  

d i f f e r e n t i a l  p r e s s u r e  

l b / i n  2 g a l / m i n  l b / i n  ~ 

4 234.8  15 t o  17 

5 275.2  " 

8 298.2  " 

10 309.1 " 

12 332.8  " 

25 349.8  " 

27 364.7  " 

28 361.1 " 

20 357.1 35 t o  42 

29 362.5  " 

50 362.5  " 

75 368.6  " 

100 365.6  " 

120 355.8  " 

153 368.9  " 

7 257.6  49 t o  51 

9 305.1 " 

25 360.7 " "  

51 369.5 " 

75 374.3  ~ "  

101 270.4  " 

1 2 4  360.3  " 

150 379.8  " 

5 263.7  75 t o  76 

9 305.6  " 

10 332.4  " 

24 367.6  " 

50 369.3  " 

76 377.7  " 

99 377.3  " 

124 366.5  " 

150 389.9  " 



T a b l e  5. - -  D i s c h a r g e  test results, 
3-inch threaded inline valve, 
l O0-gal/min design discharge 

P r e s s u r e  Discha rge  B a c k  

d i f f e r en t i a l  p r e s s u r e  

l b / i n  2 • g a l / m i n  l b / i n  2 

10 103.1 12 t o  16 

20 104.6 " 

3 0  105.9 ' " 

41 102.5 " 

52 108.9 " 

60 115.5 " 

70 120.4 " 

1 97.0 18 t o  23 

2 6  100.6 " 

12 102.1 " 

20 104.0 " 

27 104.0 " 

40 104.0 " 

48 105.9 " 

60 114.9 " 

70 118.5 " 

0 100.2 30 t o  32 

6 104.6 " 

10 105.9 " 

21 107.4 " 

31 107.1 " 

38 106.8 " 

50 110.0 " 

60 116.9 " 

70 124.6 " 

0 96.0 60 t o  42 

5 100.9 " 

10 101.2 " 

19 106.2 " 

31 108.3 " 

39 107.1 " 

50 113.5 " 

60 119.8 " 

10 

T a b l e  6. - - D i s c h a r g e  test results, 
lO.inch flanged cluster valve, 

1,000-gal/min design discharge 

P r e s s u r e  Di scha rge  B a c k  

d i f f e r e n t i a l  p r e s s u r e  

l b / i n  2 g a l / m i n  l b / i n  2 

4 1 0 0 0 . 9  9 t o  12 

10 1036.8 " 

20 1036.8 " 

30 1027.8 " 

4 0  1018.9 " 

51 978.5 " 

60 1036.8 " 

68 1104.1 " 

5 996.4 18 t o  22 

8 1023.3 " 

20 1041.3 " 

30 1032.3 " 

40 1032.3 " 

52 996.4 " 

6 0  1059~2 " 

69 1131.1 " 

1 987.4 29 t o  32 

5 1000.9 " 

9 1023 .3  " 

19 1036.8 " 

30 1032.3 " 

4O 1032.3 " 

51 1005.4 " 

58 1050.3 " 

69 1144.5 " 

0 942.6 38 t o  41 

6 1018.9 " 

10 1032.3 " 

20 1041.3 " 

30 1036.8 " 

40 1036.8 " 

52 1009.9 " 

59 1068.2 " 

70 1144.5 " 
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Tab le  6 . , - -Discha rge  test results, 
l O-inch flanged cluster: valve, 

1,000.gal/min design discharge 
C o n t i n u e d  

Pressure Discharge Back 
di f ferent ia l  pressure 

lb/ in 2 gal/min lb/ in 2 

1 978.5 49 to 52 
3 996.4 " 

10 1027.8 " 
20 1032.3 " 
29 1032.3 " 
39 1032.3 " 
50 1005.4 " 
60 1081.7 " 
70 1166.9 " 

0 978.5 60 t o 6 2  
3 991.9 " 
9 1018.9 " 

19 1032.3 " 
2 9  1032.3 " 
40 1036.8 " 
52 1018.9 " 

Tab le  7. - -  Debris test results, 3-inch threaded cluster valve, 
l O0-gal/min design discharge 

U.S.A. 
s t anda rd  
sieve No. 

Debr is  type  

6 sc reened  sand 

Discharge,  g a l / m i n  

P r e i n j e c t i o n  In j ec t i on  Pos t in j ec t ion  

107.1 89.0 

I 
I 
I 

10 sc reened  sand 1 90.5 
i0  sc reened  sand 2 104.3 
14 sc reened  sand 3 91.6 
20 sc reened  sand 102.0 

1-inch d r i ed  p ine  need les  ~ 108.9 

F ie ld  col lected aqua t ic  
weed  and  fish eggs 106.6 

63.4 67.2 at 30 m i n  
77.3 69.5 at 41 m i n  
77.7 73.0 at 44 m i n  
88.8 88.8 at 49 ra in  

38.9 45.4 at 30 ra in  

71.9 76.7 at 15 m i n  

IReduced preinjection discharge because of piston fouling. 
2Normal preinjection discharge- rigorous cleaning between runs. 
3Reduced preinjection discharge because of piston fouling. 

11 



Table 8. - -Debris  test results, 3-inch threaded inline valve, 
l O0.gal/min design dischat'ge 

Debris type Discharge, gal/min 

Preinjection Injection Postinjection 

U.S.A. standard No. 20 sieve sand 99,6 
1-inch dried pine needles 107.7 
Field-collected aquatic weeds 

and fish eggs 108.2 
Field-collected aquatic weeds 105.8 

96.7 91.5 at 20 min 
25.38 31.1 at 20 min 

71.6 72.7 at 25 min 
70.2 68.2 at 20 min 

FOrifice s fCon'l'rol s p r i n ~ S t " o n d o r  d couplings 

I-... ............. ~ ..L.......,.,.~,<.<.s,/,tJ~ ~,,,,//~.~_~o. ........ '<"t'2n°i'°i 
, . ' (  p i ) ~ l l , , ' i ~ ' 7 ~  ~ i J ' P ; l l l l l l l ) "  
. "-Movable p i s ' t O ~ ' N P T  on valve body 

GRISWOLD THREADED INLINE VALVE 

Figure 1.--Griswold threaded inline flow control valvel 
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Figure 2.--One and one-half-inch threaded 
minivalve (flow control). 

" r ~ ' a ~ i .  0 W" 

. r 

Figure 3.--Three-inch threaded cluster flow control valve. 
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Figure 4.--Three-inch threaded inline flow control valve. 
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Figure 5.--Ten-inch flanged cluster flow control valve. 
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Downstream 

6in go~e volve 

15 Dio L ~ ~  I0 DJO 

Griswold valve ~" " 

~Upst reom 
" ~  pressure tron~ 

I 
6 in pipe j~ 

PIPING ARRANGEMENT FOR IO IN FLANGED CUJSTER VALVE 

Downstream /UpsiTeQm 
pressure ~-onsducer.~ 20Oio 2ODia ~ pressure tronsduce~ 

~ 3  in gate valve "J J- L 

G swold valve ~]] Flow 3 in pipe / ~6 in- 3 in reducer 
Orifice met 

w/flo~e t~ps j 
PIPING ARRANGEMENT FOR 3 IN INLINE AND 3 IN CLUSTER VALVES 

O~ 
0ownstreom I h 1 ¢ ~  

I c~,//~-~lz in gate valve pressure t r a n s d u c e r . ~ , ~ _ ~ . ~ .  20D~ 20l~o - ~ - r e  transducer 

~ J - ~ i g h  ~rank for Griswold valve ~' " ~ w  1½ in pipe "~- ~ - I - ~  in reducer 
flow measurement 

PIPING ARRANGEMENT FOR I zJ- IN THREADED MINI-VALVE 
NOTE: Eoch of the three piping orrongements was placed in this 

location for valve testing. 

MAIN CItAN Nil. 

' m~.-8in pipe with flow straightener 

J~-2000 gallmin, 400 ~r heod, Flo-~" venturi motet 
7 stoge pump 

* See note [ ~ D C r i s  injection statio~ 

~ 6 in gate valve 

I I 
6 in pipe - ~  

PLAN 

Steel t o i l b ~  

fEnergy dissipator 

I 

Y~x']88 in motor operoted volve 

Figure 6 . - -Flow control test facility layout. 
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To inject 

hose w i t h  clomp 

Debr is  f i l l e r  

½-in. s teel  r o d - -  f _ _ _  4- in  pipe open ended 

f 

Debr is  injection chomber 

F" 2-~" 

/ 
I 

f 
Cover p l o t e  w i t h  

9osket m o f e r i o l  seot 

Stondord 6- in  tee 

. . . . . . . . . . . .  i i i f r r 

Figure 7.--Debris injection station. 

17 

FLOW 



3~L~ 

25. E 

~I. It 

E 
\ 

15. | t  
W 

< 

U 
0) 1¢L~ 
r, 

PRESSURE CONTROL RANGE (O to 128' Ib/In*In) ,i 

I 

/ ! 
' I 

21-2 l b / t ~ * t n  BACKPRESSURE 
9-12 l b / t n * i n  BACKPRESSURE 
22-27 l b / t n o i n  BACKPRESSURE 

• ~ - . - - -~ - - -~  47-52 l b / l n * l n  BACKPRESSURE 
72-76 l b / t n * l n  B/~KPRESS~JRE 

i J i i i i i i i i i i i i i 

PRESSURE DIFFERENTIAL. ACROSS VALVE (It:~/i~*ie~) 

Figure 8.--Discharge test results of Griswold i~-inch threaded minivalve-- 
design discharge 24 gal/min. 

E 
\ 

O] 
v 

12 
0 
tY 
< 
T 
U 
tN 

S 

125. ~ .  ! 

_ . ~  . . . . . .  ~ . . . .  ~ ~ ~ -  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ . _ _  _1 L - -  

~IS~RI ~ITROL RANGE | J 

t 

75. B.  (8 t o  128 l b / i n * l n )  i 

5 ~ g .  

25. 0 

B . B  

2-5 Ib/in'In BACKPRESSURE 
Q ~ - - - - ~ .  19-28 Ib/in*in BACKPRESSURE 

4g-5~ 1 6 / i n ' i n  BACKPRESSURE 
74-78 l b / l n * i ~  BACKPRESS1JRE 

i i i i i 0 i i i i i t i i i 

PRESSURE DIFFERENTIAL ACROSS;VALVE ( l~/ in*in) 

Figure 9.--Discharge test results of Griswold 3-inch threaded cluster v a l v e -  
design discharge 100 gal/min. 
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E 
\ 

g 

v 

b~ 0 
< 
I 
U 

0 

31~1.8 

I 
15B. 0 

10B. 8 

5B.  8 

2 L 0  

I 
PRESSIJRE CONTROL RANGE, (8 t o  128 I 6 / i n * i n ) ~  

÷5¢ BAND 
'~Lo__ 

Q ~  10-12 )b / In* In  BACKPRESSURE 
24-25 I 6 / I n * I n  BAI~(PRESSURE 
4g-51 l b / t ~ * t n  BACKPRESSURE 
74-75 l b / l n ' l n  BACKPRESSURE 

i i i i i i i i i i i i i i i 

P R E S S U R E  D I F F E R E N T I A L  ACROSS V A L V E  ( I N / i n * i n )  

Figure 10.--Discharg e test results of Griswold 3-inch threaded cluster valve - -  
design discharge 245 gal/min. 

4 1 ~  0 

3 ~ 0  

E 
\ 

01 
v 

2 5 ~  0 
llJ 

< 
T 
U 

CI 

15~.s 

IBB, 8 

I - T - ~ ~  
. . . .  . . . . . . . . . . . . . . . . .  . . . .  

! 
, " i 

15-27 I b / t n m i n  BACXPRESSI~E 
35-42 l b / t n l i n  BACKPRESStlRE 
4g-51 l b / l n * l n  BACKPRESSURE 
7 5 - 7 8  l b / i n e g n  BACKPRESSLIRE 

i ¢ i i i i i i i i i i ¢ i i i 

PRESSURE DIFFERENTIAL ACROSS VALVE C1bli~i~) 

Figure l l . - -Discharge  test results of Griswold 3-inch threaded cluster v a l v e -  
design discharge 345 gal/min. . :, 
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4E-42 l b / t n e t n  BACKPRESSURE 
49-52 l b / t n * t n  BACKPRES~JRE 
59-82 l b / l n * * n  BACXPRESSURE 

I I I -  i ,  i I I I 

P R E S S U R E  O I F F E R E N T I A L  A C R O S S , V A L V E  ( 1 N / i ~ * i ~ )  

I 
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. Figure ,12.~T--D~¢harge test.r~ults of Griswold 3-inch threaded inline v a l v e -  
design discharge 100 gal/min. , ,  I 
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bJ 
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I1: 

T 
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tO " 

Q , 

-. . . . .  ; , . ,  

I 
9-12  l b / t n * l r ,  BACKPRESSURE 
18-22 l b / t r ~ t M  BAC~PRESSURE 
29-32 l b / t r ~ l n  BACKPRESS1JRE 
38-41 l b / t n * t n  
49-52 l b / t n - t n  ~ S S U R E  
B~-B2 l b / i n * t n  BAC~REb'SU~E 

7 5 8 .  m i i i i i i I i 

m m m 'I w ~ ~ I 

P R E S S U R E  D I F F E R E N T I A L  A C R O S  S V A L V E  ( l b / l ~ * i ~ )  

Figure 13.--Discharge test results of Griswold 10-inch flanged cluster v a l v e -  
design discharge 1,000 gal/min. 
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12~. B. 

\ 
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ht 

< 
I 
U 

O 

8 ~ 0  

4 0 .  

20. 0 

__---------0 

\ 

SAND, PASSING NO. 8 SIEVE 
SAND, PASSING NIX 18 SIEVE 
SAND. PASSING NO. 14 SIEVE 
SAND, PASSING NO. 1B SIEVE. REP 
SAND. PASSING NO. 2B SIEVE 
l - i ~ h  DRIED PINE NEEDLES 

. . . .  0 F I E L D  S C R E E N E D  DEBRIS 

D l P l  I I ; I I I I I I I I I 

TIME (mi,",) - 

Figure  1 4 . - - D e b r i s  test results of  Griswold 3-inch threaded cluster valve " 
design discharge 100 ga l /min .  

21 



a. Flow cartridge after No. 6 sieve screened sand run 

b. Flow cartridge, after No. 10 sieve screened sand run 

Figure 15.--Flow cartridges, after U.S.A. standard Nos. 6 and 10 sieve 
screened sand runs in 3-inch threaded cluster valve, design discharge 100 
gal/min. 
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a. Flow cartridge after run with 1-inch pieces of dry pine needles. 

b. Flow cartridge after run with field screened aquatic weeds. 

Figure 16.--Flow cartridges after pine needles and aquatic weed runs in 
3-inch threaded cluster valve, design discharge 100 gal/min. 
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100.0 
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< 
I 
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8~0 

80. 0 .  

20. 0 

SAND, PASSING N0.20  SIEVE 
1 - tnoh  DRIED PINE NEEDLES 
FIELD SCREEDED ~EBRI~ EGGS 
FIELD SCREENED DEBRI~ MOSS 

0 . 0  

T I M E  (m i Pn) 

Figure 17.--Debris test results, 3-inch threaded inline valve, design discharge 
100 gal/min. 
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•!/______ 
~ Q---------H~ S-*.oh CLUSTER 

0.0 i i i " i 

N~ 20 SIEVED SAND 
G'--  . . . .  Q S - i n o h  INLINE 

NO. 20 SIEVED SAND 
S - i n c h  CLUSTER, pINE NEEDLES 

. . . .  0 S - i t ,  oh  INLINE, PINE NEEDLES 
(3-- - - - - - - - , -~  3 - i n o h  CLUSTER 

FIELD SCREENED DEBRIS, EGGS 
G~ .... Q S-Inoh INLINE 

FIELD SCREENED DEBRIS, EGGS 

i i i I L L I I 
m ~ ~ m 

T I M E  ( m l n )  

Figure 18. --Debris test results, comparison of 3.inch threaded cluster valve and 
3-inch threaded inline valve - -  same debris types. 
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