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Study of the torque developedby a four-inch plu~ valve 
at partial openings. 

Purposeof the Test. 

The bypass lines around the butterfly valves in the 
penstocks at Boulder Dam ~were originally controlled by 1~ydrauli- 
oally operated needle valves. Because of the highly corrosive 
action of thewater and the necessarily close tolerances of the 
moving parts of the needle valves, ~he valves became corroded in 
such a manner as to makc it impossible to operate them. Th~se 
valves wore removed and replaced ~j either gate valves or butter- 
fly valves. A plug valve is being proposed for bypass control in 
future installations, ~ A study of the torque developed during 
operatian of this t-jpe of valve is neoessaz~ for safe and econom- 
ical design. 

Test Procedure. 

A four-inch plug valve, shown an plate I, was designed 
and built for this test. The plug was mounted on ball bearings 
and there was a O.O10-inch clearance bet~reen the plug and the 
bo y..  hitwas done to reduce frictio l foroos to a 

aovloe, aAso .saown ..on .plate l, was.made for measuring the 
torque at any givon valve opor~g. 

in- ~,~ T h~ ~lq ~as ~et at a =iv,~ opening and :~m ~der ~ -  
g n~aus~ ~ne neaas Delng regulated by-~rious control settings 

on a variable speed motor-pump unit. ReadinGs of torque, head, 
and disohargewere taken for each pump setting for each of the 
various valve openings. At any partial opening, the ~ive ~has a 
tendency to close. Torque measurements as shorn on,he curves are 
the torques in inch-poumds required to resist the closing effort 
of the valve. The hcad as shown on the curves is the sum of the 
net head a~ theupstream side of the ~alve plus the velocity head 
at that point minus the p~ssure head below the valve. See charts, 
pa~es 13 and 4 for heads at these points. 

Carves were dravm showing th~ relation of torque to he~d 
for given valve settings, figure No. l, of ~orque to valve op~- 
ings at constant heads, figure No. 2, and torque to valve openings 

r 
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at constant ;pump settings, figure No. 3. Valve settings ~re based 
an "90 °' being completely open, the valve actually being a section 
Of the pipe and having zero torque at that setting, Eight degrees 
is the point of shut-off and zero degree the seatin~ position for 
closure. 

Discussion of Test andConclusions. 

The valve was run under heads varying from zero to the 
maximum c~pacity of the pump or about 100-foot head. For a give~ 
head the maximum clos~_ug torque occurred ~at a valve opening of ~J 
82~ ~°. Sueh a set-up would occur anly When the vaivo was very 
near an ideal entrenoe and with but a very short length of pi~e 
downstream from thev~ive. Under a more normal ,candition with 
relatively long lengths of pipe either upstream ~or dmmstream 
from the valve or with a constriction downstream, the maximum 
torque will occur at a much smaller valve openin.~. THis condi- 
tion will more closely approxlmate the torque-valve opening curve 
for constant pump ~set~imgs. Actually a constant pump setting does 
not duplicate ~a constant reservoir head, but it approaches that 
condition v~ithin the characteristics of the pump. 

Pressures read by means of the piezometers placed one 
diameter downstream from the ~alve were used ~as pressures on the 
downstream sid~ of the valve. This is correct at that point ~but 
will not show what is occurring just iback ~of the Plug. This ~rob- 
ably accounts for some points breaking frcm a smoohh curve. Pres- 
sures of as low as ,17 feet of water were ~recorded at the poiut 
measured and from the sound and vibration Just back of the plug 
it cam be .assumed that the ~.por pressure iof the water v~s reached 
at that section.- Therefore, if a plug valve is to be used as a 
throttling v~Ive, provision should be made to admit air just down- 
stream from the plug. 

For approximate computations o f  maximum torque developed 
on larger valves, multiply the :n~:im~m torque as developed :by the 
feur-inchvalvo by the cube of the scale ro.tieS,~ by_ the ratio of 
the prototype head as compared to ithe head at which the four-inch 
V~Ivo v~is run~ 

Sample, Find the maximum torque :developed by an eight- 
inch plug Va!vc under a head of 600 foot. 

At a 50-foot head the maximum torque in the four-lmch 
valve was 180 inch-pounds. Therefore 

180 x ( 8~3 x 600 = 180 x 8 x 12 or 17,280 imch=pound~ torque. 



FOUR-INCH :PLUG VAL~E 

Denver, Colorado, October 6, 1939. 

Torque equals 0 :for v~Ive 90 ° open ~ud for valve opauimgs::,of 8 o 'or less. 

Pump Degrees ~Q 
setting opera c.f.s, 

I 
3 
5 
7 
9 

11 

I 85 
3 
5 
? 
9 

11 

1 
3 
5 
7 
9 

11 

1 80 
3 
5 
7 
9 

11 

1 75 
3 
5 
7 
9 

11 

1 70 
3 
5 

9 I 
11 ! 

87~ 1.87 
2,43 
2.95 
3.46 
3.72 
4,09 

1.89 
2.42 
2.93 
3.44 
3.78 , 
4,0:5:1 

8 2 ~  " ' 1 e 8 7  ! 
2.:58 
12,87 
3.38 
Z.71 
697 

1.85 
2.:54 
2.81 
3.29 
3.62 
3.85 

1.74 
2:,19 
2.641 

3.38  
 .58 

1.61 
2 .OI 
2..~i 
2.80 
3.06 
3.24 

upstream ,i 

P t , o f  !~20 

3,94 ,' 
H.48 i 
11,70 
17..00 
21.$5 i 
24.60 

4.48 
8.16 1 

12.79 
18,35 
24.O5 
26.38 

4;89 
8,98 !! 

14,01 
20.13 
24.85 
28.82 

5.58 
lOj20 I 
15,78 
22,70 
28.00 
32.50 

7 ,47  ~! 
13,18 
20.25 
28.65 
35,35 1 
40.80 

9,79 
16.85 : 
25.59 
35.83 
43.90 
47.70 

downs%ream 

Ft,  rofH2C 

0;95 
4.:49 
8.6:5 

13,60 
17.48 
20e65 

0.95 
4.35 
8~57 

15.19 
164.80 
i9.H1 

0.68 
3.94 
7.75 
12,31 
15,,78 
18.62 

G.41 
3,54 
7,~4 i 

10;52 
14.49 
17,08 

-0.61 
÷I.77 

4 .35  
Zo68 , ; 
9,92 

!0.81 

-3 .12  
-2.31 
-1.29 
- 2 . 5 1  
+&. 75 I 
9.25 l 

Head (Kv) 
velocity . 

Ft.of H20 

H.O0 i 
t 2 , 0 5  
~H.76 
2 4 . 4 4  
28.22 
54,20 

7,28 
ii.98 
17.53 
24.14 
29.15 
33620 

:H.13 
t t . 5 4  
16.83 ! 
23 ,36  
28,08 
:52.19 

7.08 
11.18 
16,12 1 
22.1o 
26.78 

: 5 0 . 2 4  

6,17 
9.80 

14.21 
19,38 
23.,30 
26.15 

8~25 
iI~85 ~' 
16.02 
19.10 
21.44 

3 

,Total he ( TOr-que 
iI i n  .-lbs. 

 .or  2o] "i 

16;04 
20,8:5 

)2 H,.84 
:52..09 
::58,15 

36.40 
3 9 . 7 7  

11.34 
16.58 
23.09 
:51=18 
:37,16 
42,39 

12..25 i 
17.84 
24.76 

3 4 . 2 8  
40,29 

4 5 . 6 6  

14.25 
21o21 
30.11 
40.35 
48.73 
56,14 

18,20 
27.41 

: 58.73 
54,16; 
58.25:: 
59°89 

L?; 
54,2 
24,6 
37,.4 

.SS;.I 
66 .4  
76;9 

25,4 
42.3 
62.5 
86.3 

105;7 
123.3 

50.4 
51,3 
H6;5 

106.'5 
128.8 
148.8 

3.4.9 
,5'7,3 
82.6 

I12.6 
138.4 
158.1 

37.7 
61 ,.8 

IO0.6 
122:8 
148.1 
166.8 

4S.6 
70.8 

I~1.5 
159.5 
167.2 
190.5 



Pump Degrees 
setting open 

I 

, i 

1 ' 60 'r 1.25 
3 1.52 

5 1.82 
7 " 2,091 

9 2.28 
Ii 2 , 3 8  1 

I i 

I 50 ' 0.90 
3 

{m 

7 I Io42 
9 i.53 

II 1.61 

1 - 40 0.60 
3 0.73 . 
5 0.82 ! 

7 : 0.88 
9 I 0 . '94 

Ii I 0 .99  

I 30 0.40 ' 

3 I 0 . 5 0  
:5 0.54 ' 
7 0.60 
9 0o62 
ii I 0 .65 ' 

, i 

3 :1 1 o;ao 
5 ! IO. O " 
7 : :  il 0;30' 
9 ! ] 0.30 

~1 i I o.~o ~ 

Q H~d (~)iHead (%) I 
c.f,s, upstream i~downstream 

~.or H20 ~%. or ~2o Pt.of H2o Ft.or } 
| ~ 

15,09 --5°98 3 . 1 9  i 24=2E 
25 .59  --6.68 ' 4,71 36.9fi 
40.40 7 ~ 2 1  6.76 54..~ 
55.40-i0.60 ' 8 . 9 1  74,91 

2 . 2 6  62.40 i -14.13 I0.42 86.9E 
2,38 70.40 : -17.12 II,55 99.0~ 

| 

! I 

19'70 I -6.59 1 . 6 4  27,9~ 
"1.05: 32.50 - 7 ,61  2 .24  
1;24 46.40 -8.70 t- 3.13 

62.40 -11,29 4.12 77.81 
73.40 ~ "13 ,32  I 4 . 7 9  91 .5 :1  
82,20 [ "14.82 . '  5 . 2 9  102.3] 

22.98 "6.59 1 0.73 30.3C 
. , 37.15 7.61 1 1.08 ~ 45.84 

52.10 8,36 " 1.37 61,8~ 
:68 .50  - 9 . 6 4  I.~8 79.72 
' v 9 . 2 o  - z o . 6 8  : 8 I. I I 91 .6S 
87,60 i =II,41: I : I.99. ' lOl.OC 

• q 

i J 
25.10 -6o12 . 0.53 31.55 

i ' 0.51 4 6 . 8 2  39.30 -.7,,01 
54.80 i •-8.22 0 .59  65.6 l  
71,2o i - 8 . 8 3  : O .  ~3 80.76 
:81.80 -9.~8 .... 0,'79 " 91,97 
89.60 - ;9.93 r : 0 .  B6 100.38 

i ,] 

I 
25.82 -3.80 ' 0.II ' 29.73 
40.80 1 -4.22 i 0.II !' ~~ 45.13 

• -4.89 56,10 . .i I " 0.II. 61.10 
J72 "I0 r -5.64 I Oell , 77.85 
82,90 . -6,12 1 ' 0.II 89,13 
9 0 o 4 0  i -6.39 ' 0 . 1 1  , 96.90 

, i I i I ! 
" L L 

Head ( I~ )To t ;aZ  he~d 

~Zooity N÷~v-Ho 
i l 

P~oof H20 

24°26 
6 

,91 
.95 

99,07 ' 

27,93 
4 2 . 3 5  
58.23 

I i 

T o ' r q u e  

in.-!bs. 

7 5 . 4  
104.0 

4 



4" PLUG VALVE PLATE i 

Test Assembly Showing Torque M~as~_no A~ 

~.~ ~ ~ ~ ~" ~ I~I ~ ~ i~ ~i /' ~ ~ 

View ,Showing Plug and Valve Body 
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