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Introduction 

This particular relief valve was proposed for application to water-
hammer problems of an irrigation district. The water-hammer could 
occur when fire fighting equipment is connected to the irrigation 
system. The fire fighters use quick closing valves on lines straight 
off the system to a valve at the nozzle, or through a pumper that has 
the ability to come on the line in a short time. The relief valve was 
tested to see if it would react quickly enough to a pressure surge to 
prevent damage to a pipeline. The results were compared to a dead ended 
line, and to a line with a standpipe. 

The main component of the test valve is referred to as the relief valve. 
The pressure control valve which is referred to as the control valve is 
used to adjust the relief pressures. 

Test Facility 

The High Head Pump Facility in the Hydraulics Branch was used to produce 
the required test pressures. These pressures included the calibration of 
the relief; valve through the manufacturer's range 2of operation of 20 to 
200 lb/in , and the waterhammer tests at 90 lb/in . 

The system for the testing was set up on the end of a 1-inch line 
on the facility downstream from a venturi, but upstream of a multijet 
sleeve valve and chamber. This arrangement allowed the operator to set 

~V (AJ the line pressure from the control board. A 1-1/2-inch tee was installed 
at the end of the 5-foot-long 1-inch line. The relief valve was 
in line with the 1-inch line and a quick closing valve was placed 90°  
to the 1-inch line (see figures 1 and 2). Modifications included replacing 
the relief valve with a plug (see figure 1, detail A, and figure 3). A 
standpipe was placed between the tee and the quick-closing valve (see 
figure 1, detail B, and figure 4). The standpipe included a 1-1/2-inch-
diameter pipe with a gage glass for determining the length of the air 
column in the pipe. An external air supply was connected to the stand-
pipe to adjust the length of the air column. 

The pressure in the line was adjusted at the control board. The pressure 
for the water-hammer system was measured in the 1-inch line 1 inch 
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upstream from the tee. The pressure transducer was connected to a 
Sanborn series 350 chart recorder. A Kistler transducer (0 to 200 lb/in 2) 
was used to calibrate the control valve on the relief valve. When the 
first tests wer2 made the Kistler's range was not adequate. A Pace 
(0 to 500-1b/in range) transducer was substituted and used through- 
out the water hammer tests. 

Test Procedure 

The Clayt2n Automatic Valve was calibrated in the range 20 to 
200 lb/in . The relief valve was set to zero by backing out the 
adjustment bolt on the control valve until the bolt could be turned 
by hand. The bolt was then screwed in ptil it touched the spring. 
The pressure was brought up to 30 lb/in . The bolt was tightened 
until the leaking stopped, then it was loosened until 2leaking 
started. The line pressure was increased at 10-1b/in increments 
using the same procedure for determining relief pressure versus 
number of turns from zero (see table 1 and figure 5). 

For the water hammer tests, the line pressure was set at 90 lb/in2. 
The relief valve was set to relieve at line plus 10 percent or 99 
lb/in . The quick-closing valve was opened to let water flow freely 
to the atmosphere for 10 to 15 seconds, then slammed shut. The same 
procedure of setting line pressure and operation of the quick-closing 
valve was used for the relief valve, the plug, and the standpipe. 

Results 

With quick closure of the valve: 

a. The pressure surged to 445 lb/in2 with the relief valve in 
place (see figure 6 for pressure recordings). 

b. The pressure surged to 450 lb/in2 with the relief valve 
replaced by a plug (see figure 7 for pressure recordings). 
Note that secondary pressure surges occurred at values 
approximately at half of the maximum peak. 

c. The pressure surged to 150 lb/in2 with the standpipe in 
place (see figure 8 for pressure recordings). During the 
free flow condition the length of the air column was 
adjusted at 24 to 26 inches in the 36-inch standpipe. 

d. Calculations show that a peak of 450 lb/in2 was possible. 
The 450 lb/in2 maximum depends on the method or location 
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of study. A range of 420 to 2,609 lb/in2 was calculated 
(see appendix for calculations). 

e. For comparison a test was made with the standpipe installed 
and the quick closing valve was closed over a longer 
period of tie (3.6 s). The pressure surged to maximum 
of 104 lb/in . This maxi~um was 15.6 percent over the 
line pressure of 90 lb/in (see figure 9 for pressure 
recordings). 

Conclusions 

The relief valve does not react quickly enough to handle the water-
hammer that occurs from rapidly closing a valve. The standpipe 
appears to be a solution. The size of the pipe and method of keeping 
a specified amount of air in the standpipe should be determined by 
the design group involved. 

Copy to: 224 (Warden) 
410 (Yocum) 
1530 
1532 
250 
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PROCEDURE: The High Head Pump Facility was used because of the 
high pressures involved. The pressure was increased 
in 10-1b/in increments. The valve was adjusted until 
leaking stopped, then the bolt was loosened until leak-
ing started. The amount that was leaking was continuous 
and carried out 2 to 3 inches horizontally before dropping. 
The zero point for adjustment was determined by completely 
adjusting the bolt out until it could be turned by hand. 
The bolt was then tightened by hand until it touched the 
spring. 

NOTE: A test was made to check 100-lb/2in2 factory setting. The 
valve begp leaking at 90 lb/in and was full open at 
100 lb/in . 

Table 1 

RECORD NUMBER OF TURNS VERSUS PRESSURE 

Trial 
Pressuie 
lb/in 

1 
Number 
of turns 

Trial 
Pressu75e 
lb/in 

2 
Number 
of turns 

Trial 
Pressuie 
lb/in 

3 
Number 
of turns 

30* 11/12 30 1 30 1 
40 1-1/3 40 1-1/4 40 1-1/3 
50 1-3/4 50 1-3/4 50 1-3/4 
60 2-1/12 60 2-1/6 60 2-1/6 
70 2-1/2 70 2-1/2 70 2-1/2 
80 2-11/12 80 2-5/6 80 2-11/12 
90 3-1/4 90 3-1/4 90 3-1/4 
100 3-2/3 100 3-2/3  100 3-2/3  
110 4 110 4 110 4 
120 4-5/12 120 4-5/12 120 4-5/12 
130 4-5/6 130 4-5/6 130 4-3/4 
140 5-1/3 140 5-1/6 140 5-1/6 
150 5-1/2 150 5-1/2 150 5-1/2 
160 5-11/12 160 160 
170 6-1/'6 170 170 
180 6-7/12 180 180 
190 6-1/4 190 190 
200 7-1/4 200 200 

*NOTE: 26 Jb/in2 was lowest pressure available so testing began 
at 30 lb/in . 
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Figure 2. - Test setup with relief valve installed. 
Photo H-1762-2 

Figure 3. - Test setup with relief valve replaced by a 
plug. Photo H-1762-3 



Figure 4. - Test setup with a standpipe 
installed upstream of the 
quick-closing valve. 
Photo H-1762-4 
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Figure 6. - Pressure rise for quick closure with pressure 
relief setting of 99 lb/in2. 
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Figure 8. - Pressure rise for air column standpipe in place of 
pressure relief valve. 
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Team of Clayton 'attoraatic Valve SOG--01, 20 to 2€ 0 lb/in2 for `•daa>F i r- - - - - 
Reelief A-plicationeu - t ptn and Closed Conduit 3ystdas, Arogrev 

Izn tto_FX t ion 

rhis particular relief valve was proposed for application to wtter- 
hom,%er tsrn4laas of as irrigation district. Tine water--ha rr2er - 
occur when fire fightiniz equip t is connected to the irrigation 
syateae. trues fire fighters use quick closing valves on limes strai3ht 
off the system to a valve at t1w aoxxle, or ttarough a puTrer that has 
the ability, to eava on the llue in a short time. The relief valve was 
teestod to sea if it would riaet quickly suougta to a pressure surge to 
pre *nt dariagae to a pipel.iue. "e results were compared to a dead ended 
line, and to ae. line with a standpipe. 

Thee rain eo,~tooneut of the test valve in referred to as t * relief valve.. 
The pressure control valve whic1h is referred to as the control valve is 
used to adjust tlu: relief pressures. 

'rest raci.lity 

The El h, 'Fu-.p 7;tcil.it7 in the Jydraulics i3lrartch was used to produce 
the required test pressures. 'rh esae pressures included the calibration of 
the relief valve throu,-,h tom? raunufactureer t s range,,of operation of 20 to 
200 l.tr/in , aaud the vater'=4+,er teats at 90 lb/iu-. 

The systen for the testing was set up on the ead of a 2-inch line 
on the facility downstream from a ve nturi, 'but uy strear of a uultijet 
sleeve valve: aez;d c aaubor. T:ais arraugasalaxut allowed t13e operator to set 
the lip pressure frow tbo control board. A 1.-1/2-dash tee was installed 
at the end of the 5-foot-long 1-Inch line. Ttaa relief valve was 
In line with the 1-inch liens and a quids closisng, valvo was placed 90* 
to the 1-much line (see figures 1 and 2). Modifications included replacing 
then relief valve with a plus (aRatuea fil urge I, detail A, and figure 3) . A 
standpipe was placed between the tee and the quick--closing valve ( 
figures 1, detaai,l. ~, arid figures 4). This standpipe Included a 1--1/2-i h- 
dioi teen pips with a gage glass for determining the length of tha air 
column is the pipe. An external air ssply was connected to tbo staud-
pipe to adjust t`he►  length of the air colmn. 

The pressure in the line was adjusted at the control board. l iv pressure 
for the water- 4axat •r system was awa>suraed in t11m 1--inch 13,ue l inch 

*GPO  - 1974-678-358 



upstraar. from the tee. 'Tile pressure transducer was connected to 
Sanborn series 330 chart recorder. A Xi.stler transducer (0 to 200 lb/in 2) 
was usesd to calibrate the control valve can the relief valves. ' ea the 
first tests xrer2 made the ;latler's range was not *dequatee. a Face 
(C to 50&-lb/in range) transducer was substituted and used throuea 
out. the water harmer testa. 

Test Procedure 

The Clayt9a A.utonatic Valve was calibrated in the range 20 to 
200 Win . The relief valve was sot to zero by backing out the 
adjustment bolt on the control valve until the bolt could be turned 
by viand. The bolt was then screwed in 4ntil it touched the spring. 
The pressure was brougilt up to 30 lb/in'. The bolt was tightened. 
until the leaking stopped, thou; it was loosened uatil2leaking 
started. The line pressure was iucreas<ed at 10--lb/in incrotlents 
using the sans procedure :for determining relief pressure versus 
number of turns from zero (sure table 1 and fib 5). 

For the water for tests„ the linepressure was shat at 90 Wing. 
The r lief valve vast stet to relieve at liao plus ltd percent or 91 
lb/ins . ':lies quick-clvsiug valve was opened to lot water flow freely 
to the atmosphere for 10 to l5 seconds, tuan slauv.,%W a4ut. 1:11a sass 
procedure of sottiug line pressure auu opursttiou of the quick closing 
valve was uses for ti:ie rul.lef valve, tins plug,, and the stsudPiPe- 

Results  

With quick closure of the valve. 

a. The pressure nursed to 445 lb/iu2 with the relief valve in 
place (sew. f'ivru 6 for presszuru: reecordinas) . 

b. Tito pressure surged to 450 Wing  with the relief valve 
replaced by a plug (see figure 7 for pressure recordings) . 
Note that secondary pressure ,surges occurred at values 
approximately at half of the va3d am peak. 

c. The pressure surged to 150 lb/in2 with the standpipe in 
place (see figure 8 for pressure recordings). During, the 
free flow condition the length of tiw stir column was 
adjusted at 24 to 26 inches in the 36-winch standpipe;. 

d. Calculatilus shoe that a peak of 450 lb/in was possible. 
The 450 Win- neap dads on the method or location 
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of study. A rango of 420 to 2,609 lb/in2 vas calculated 
(see appendix for calculations) . 

a. For cergmrison a test was mad* with the standpipe Installed 
and the quick closing valve was closed over a longer 
period of ti (3.6 s). `xhe pressure surged to t%ixisscw 
of 104 Win . This waxi s was 15.6 percent over tho 
line pressure of 90 lb/in (see figures p for pressure 
recordinp;a) . 

Conclusions 

The relief valve does not react quickly enough to handle the motor-
hamier that occurs from rapidly closing a valve. he standpipe 
appears to be a solution. htae size of the pipe and method of keeping 
a specified amount of sir In the standpipe should be determined by 
the design group involved. 

Copy to: 224 (Warden) 
410 (Toctwt) 
15.30 

✓1532 
251 
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Figure 2. - Test setup with relief valve installed. 
Photo H-1762-2 

Figure 3. - Test setup with relief valve replaced by a 
plug. Photo H-1762-3 



Figure 4. - Test setup with a standpipe 
installed upstream of the 
quick-closing valve. 
Photo H-1762-4 
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Figure 6. - Pressure rise for quick closure with pressure 
relief setting of 99 lb/in2. 
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Figure 7. - Pressure rise for quick closure with pipe plug 
instead of pressure relief valve. 
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Figure 8.—Pressure rise for air column standpipe in place of pressure 
relief valve 
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Figure 9. -- Pressure rise for slow valve closure with standpipe. 
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Head, iiyydraulics Research Sectiou/11Q) August-13,- SS73- - - - - 

J Charles Givens 

't 
Test of Clayton Automatic Valve 50G--01 20 to ZODU Wing  for %,a  -"A"r- - - - -
Relief ,o,pplications -- Open. and Closed Conduit Systeus Prograra 

Introduction ~ --- - - - -- - - I _ 
This particular relief valve was proposed for application to water- - - - -- - - - 
ha r problems of are irri ation :district. The water- haw.*r - 
occur when fire fighting equipment is connected to the irrigation 
systex . The fire fighters use quick closing valves an lines straight 
off the system to a valve at the nozzle, or through a pier that has 
the ability to come on the line in as stout tine. The relief valve was 
tested to see if it would react quickly enough to a pressure surge to 
prevent davage to a pipeline. The results were compared to a dead endod 
line, and to a liva with a standpipe. 

The main cortponeut of the test valve is referred to as the relief valve. 
The pressure control valve which is referred to as the control valve is 
used to adjust the relief pressures. 

Test facility 

The high Head Pump Facility in the Hydraulics Branch was used to produce 
the required test pressures. These pressures included the calibrastiou of 
the relies valve throu°-&L the s :a.rufaicturer'ss range ,,of operation of 20 to 
200 lb/in , and the wateenwn-mer tests at. 90 Win . 

the systen for the testi.eir, was set up on t l-e end of a 1-inch liue 
on the facility dokastrea%-, fro';. a venturi, but upstrean of a uultijet 
sleeve valve as:d doss ber. "rots arrant allowed the operator to set 
the lime pressure from the control board. A 1-1/2-inch tee vas installed 
at the end of the 5-foot-long 1-inch lines. The relief valve was 
in line with the. 1-inch line and a quick closing valve was placed 93°  
to the 1-inch lints (see figures 1 and 2). .bdifi.cations included replacing 
the relief valve witil a. plug (sea fi ure 1, detail A, and figure 3). A 
standpips was placers between the tee and the quick- closinf; valve (see 
figure 1, detail , and figure 4). Tile standpipe ircluded at l~-1/Z-iucir 
div,ieter pipe with a gage glass for d+et+ernining the length of the air 
eolus:su iau the pipe. An external air supply was connected to the stand-
pipe to adjust the length of the air column. 

The pressure in the line was adjusted at the control board. `Ine pressure 
for the waster--hw=Rr system was rwasured in the 1-inch line 1 inch 

* G PO - 1974-678-358 



upstrem,,  fron the tee. The pressure transducer was connected to s 
Sanborn series 35th chart recorder. A Kistler transducer (0 to 200 lb/in 2) 
was used to calibrate the control valve on the relief valve. When the 
first teams wn made the i l.stl.er's range was not adequate. .t pace 
(0 to 500-lb/in range) transducer was substituted and used through- 
out the water "ha +er tests. 

Test Procedure 

The Claytgn Automatic Valve was calibrated in the range 20 to 
200 Win-. The relief valve was seat to zero by backing out the 
adjustment bolt on the control valve until the bolt could be turned 
by hand. They bolt was then screwed in ptil it touched the spring. 
The pressure was brought up to 30 lb/in . The Volt was tightened 
until the leaking stopped, then it was loosened until 2leaking 
started. The line pressure was increased at 10-lb/in increments 
using the same procedure for determining relief pressure versus 
number of turns from zero (see table 1 and figure 5). 

For the water hammer tests, the line pressure was set at 90 lb/inZ. 
The relief valve was set to relieve at line plus 10 percent or 99 
lb/Ira . The quick closing valve was opened to let water flora freely 
to the atmosphere for 10 to 15 seconds, then slaraned shut. The same 
procedure of setting line pressure and operation of the quick closing 
valve was used for the relief valve, the plug,.-,. and the standpipe. 

Results 

With quick closure of the valve: 

a. The pressure surge.'! to 445 lb/in2 wits the relief valve in 
place, (see figure 6 for pressure recordings). 

b. The pressure surged to 450 lb/In 2 with the relief valve 
replaced by a plug (see .figure 7 for pressure recordings). 
Mote that secondary pressure surges occurred at values 
approximately at half of the maxim m peak. 

c. The pressure surged to 15€7 lb/in2 with the standpipe in 
place (see figure 8 for pressure recordings). During the 
free flow condition the length of the air column: was 
adjusted at 24 to 26 inches iu the 36-inch standpipe. 

d. Calculatiq us show that as peak of 454 lb/in was possible. 
The 450 lb/ira2 maximun depends on the method or location 

2 



of study. A range of 420 to 2,609 lb/in2 vas calculated 
(see appendix for calculations). 

e. For comparison a teat was made with the standpipe ixtatalled 
and the quick closing valve was closed over a longer 
period of ti2e (3.6 e). The pressure surged to maximusu 
of 104 lb/in . This maxir= was 1.5.6 percent over the 
line pressure of 90 lb/In (see figure 9 for pressure 
recordings). 

Conclusions 

The relief valve does not react quickly enough to handle the water-
hawar that occurs from rapidly closing a valve. The standpipe 
appears to be a volution. The size of the pipe and method of keeping 
a specified a grunt of air in the standpipe should be determined by 
the design group involved. 

Copy to: 224 (Warden) 
410 (Yocum) 

V"1530 
1532 
250 
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Figure 2. - Test setup with relief valve installed. 
Photo H-1762-2 

Figure 3. - Test setup with relief valve replaced by a 
plug. Photo H-1762-3 



Figure 4. - Test setup with a standpipe 
installed upstream of the 
quick-closing valve. 
Photo H-1762-4 
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2 relief setting of 99 lb/in, 
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