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SYNOPSIS 

A study of Permasphere valves of the RockweJ. 
Manufacturing Company was conducted for three 
sizes, 36, 24 and 12 - in, to determine the flow 
characteristics through the valve and dynamic 
torque created by the flow . The study was con
ducted at the Engineering Research Center, 
Colorado State Univers ity . 

The flow coefficient K = ~ was found to be 
the same for all three sizes. A ~aphical repre
sentation of its magnitude as a function of plug 
position and differential pressure is given in Fig. 1~ . 
The flow coeffic ient enables calculation of discharge 
through the valve at different pressures across the 

iv 

valve and s hows that the head loss through the valve 
at full open position is very small. 

The dynamic torque, o r torque exerted on the 
valve due to the flow through it is presented in Flg.30 
with CT= T n expressed as a function of plug 
position ~pD3 and differential pressure. By add
ing or subtracting the dynamic torque to the friction 
torque it is possible to determine the torque which 
will be required to open the valve or close it. Fric
tion torque is determined in an independent manner, 
outside the scope of this report, but Figs. 17, 22 and 
27 give indications of the magnitudes of friction 
torque for the three valves tested. 



INTRODUCTION 

The Rockwell Permasphere valve is a spheri
cal plug valve that rotates 90 degrees from wide 
open to corr:pletely closed positions. The primary 
component parts consist of a split cast iron body, a 
spherical nickel plated cast iron plug, and a solid 
stem from the plug to a ·Norm gear operator which 
can be driven by a hand 'Nheel, or by an electric mo
tor. Operation with hyd::-aulic or pneumatic cylinders 
is also possible. There are circular seat rings on 
both inlet and outlet sides of the plug which renders 
the valve leak tight in the completely closed position. 
The valve is manufactured in sizes from 8 to 48 
inches with ASA pressure rating classes of 125 and 
250 psi. A more complete description and cut - away 
pictoral views are incluced in brochure No . V 107 of 
the Rockwell Manufacturing Company. 

Three sizes of vabes, 36, 24 and 12 inch 
diameters, were tested at the Engineering Research 
Center of Colorado State University . The purpose of 
the study was to determine discharge characteristics 
through the valve at vari::>Us plug positions and to de
termine the dynamic torque coefficients of permas
phere valves due to flow through the valve . 
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PRELIMINARY CONSIDERATIONS 

Flow Characteristics 

The equation for di3charge through the valve 
can be writte n: 

where 

Q = C A-, / 2g l:.p ( :44) ' 
d p v· y 

Q = discharge, cfs, 
A = port area, ft 2 , 

p 
g = gravitational acceleration, ft/ sec 2 , 

( 1) 

l:.p = differential pressure across the valve, pst 
y = un:t weight of water lbs/ft3, 
Cd = discharge coefficient. 

The discharge coefficient Cd varies with 
valve position and velocity, hence with differential 
pressure and includes the coefficient of head or pres -
sure loss due to angulari:y of the plug . The differ
ential pressure, l:,.p , as defined herein is the drop 
in pressure across the valve from the upstream 
flange to the downstream flange . 

Through combination of the constants in Eq. ( 1) 
and Cd , discharge may be expressed as 

Q = C' A ,{i:p, (2) 
p 

and for a particular plug position, AP being constant 

where 

Q = c ~ , 

C = 12C A ..._ fTK' 
d p v-; 

(3) 

(4) 

The value of C will vary with plug position because 
of changes in Cd and AP. 

The change in port area Ap, with plug posi
tion, e , is presented in Fig. 1. While the curve 
is for a 24-in. valve, area-position relationships 
are simila r for other valve sizes. 

Torque 

The 'torque r equired to move the spherical 
plug of the valve depends upon the change in momen
tum of : he flow through the plug and the coefficient 
of kinetic friction between the plug and the seat rings. 
Listing the separate variables, torque is dependent 
upon: 

1. Valve diameter, e qual to pipe diameter, Q 
2 . Plug position e, 
3 . Changes in flow direction and velocity 

through the valve plug El:,. v, 
4 . Pipe velocity, v, 
5 . Fluid density p , 
6 . Fluid dynamic viscosity µ, 



7. Differential pressure across the plug, t:.p, 
8. Coefficient of kinetic frict ion between th e 

seat and the plug, fk , 
9. Direction of plug rotation, towards open 

ing or towards closing . 

In symbolic form the torque can be expressed as 

T = f(D, 0, "'E,t:, v, V, p , µ, t:.p, fk, direction of 
rotation) 

(5) 
Ass uming that fk is dependent upon t:.p and seat 
material then o nly the gross effects of t:.p on fric
tion forces need to be included . The effects of 
changes in flow direction within the plug is not gen
erally determinable, therefore, tha t effect will be 
included implicitly in e and t:.p. Thus for plug 
rotation in one direction, i. e., opening or closing, 
Eq. (5) redu ces to 

T = f(D, 0, V, p, µ, t:.p) (6) 

and by combining these terms into significant dimen
sionless terms, 

T V 2 p VD f(e , ~ ) = o 
' DJ t:.p t:.p µ 

R earranging, 

wh e r e 

f'(0 ~ VDp 
' t:.p ' µ 

VD p = Re , pipe Reynolds number. 
µ 

T hu s, 'f 1 t C f'(0 V
2

p VDp ) 1 we e T = , t:. p , µ 

then 

(7) 

(8) 

( 8) 

( 10) 

Since the flow is unidirectional while rotation 
of t he valve plug is bi-directional, i . e ., c l osing and 
o pe ning, the n torque to ope n the valve m ay be dif
fere nt from torque required to close th e valve. 

Torqu e m eas urement s wer e mad e with four 
electrical resistance strain gauges mounted c i rcum -
fere ntially on th e solid plug s h aft. Each strain 
g uage was placed at an angle of 4 5° with respect to 
the a x i s of t he shaft so that wh e n to rque was applied 
to the shaft, two of the gauges would be i n compres 
sio n and the other two in tension . A typical mount
ing arrangement of the str ain gauges i s s hown i n t:ie 
photograph of Fig. 2. The gauges were connected 
i n a bridge with the gauges having like deformations 
p laced on op pos ite legs of the b r idge as shown in 
F i g. 3 . 

With torqu e applied to the shaft, two of strain 
gauges elongate, two shorten, and the b ridge be 
comes unbalanced, resulting i n an output which iE: 
proportional to the change in r esistance of the gauges. 
The c h ange in r esistance i s relat ed to th e str ain on 
the shaft which is in tur n related to the torque ap 
plied. A Brus h str ain gauge amplifier Model 
RD 56 12-11 was used to measure strain, whic,p 

2 

included a signal generator, am plifie r and phase 
sensitive demodulator. 

A general stress diagram of a n elementary 
surface of mat erial is shown in Fig. 4, and the 
stresses i n pure torsion is shown in Fig. 5. The 
relation betwe e n the strains in t he x and y dir 
ections and the change in r esistance of th e strain 
gauges aligned in the x direction is g iven by: 

t:.R 
R 

where 
t:.R 
R 
G 

G(E + kE ), 
X y 

( 1 1) 

change in strain gauge r esistance 
Strain gauge r esistance unstressed 
G auge factor for the strain gauges 
Strain in the x direction 
Transverse sensitivity of the gauges 
Strain in the y direction 

For the ge neral case, strain is related to stress 
according to 

where 
E 
u 
(J' 

X 

(J' 

y 

(J' 

u _;[_ 
E 

modulus of elasticity, 
Poisson' s ratio, 
stress in the x direction, 

stress in the y direction. 

( 12) 

I n case a s haft is in pure torsion, CT = - CT so 
so that Y x 

and 

E 
X 

1 + u 
E 

(J' 

X 

( 1 + u) 
Ey= - -E- CT Y 

Shaft torque may be written as 
(J' J 

s 
T = 12r 

torque, ft-lbs, 

( 1 3) 

( 14) 

( 15) 

w here 
T 
J Polar moment of inertia of the shaft, 

r 
(J' 

s 

1rr 4 . 4 
= -

2
- 1n 

Shaft radius, n . 
Shear stress shown in Fig. 5, 

lbs/in 2 
= CT x· 

The Bru s h strain gauge amplifier did not 
measure t:. R but gave an output di rectly propor -
tional to str ain. A calibrator was provided with t he 
unit which enabled electrical calibration of the out 
put voltage against strain. The relationship for 
cal ibration is 

E 
X 

where 
R 

R 
GNR 

C 

unstressed strain gauge resistance 
( 50 0 ohms fo r the gauges used) 

( 16) 



the number of gauges us ed in the bridge 
Rc calibrating resistance 

FIG. 2 TYPICAL MOU1 TING ARRANGEME T 
OF STRAIN GAUGES. 

The transverse sensitivity k of the strain 
gauges was small, k = 0. 008, while G = 3 . 56, there 
fore k was ignored for purposes of this study . 

FIG . 4 GENERAL STRESS DIAGRAM 

y 

FIG. 5 STRESS DIAGRAM FOR TORSION 
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RECORDER 
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DESCRIPTION OF THE TEST FACILITY 

A plan s howing the general arrangement of the 
laboratory and location of th e particu a r facility used 
for this test is shown in Fig. 6. A schematic draw 
ing of the test arr angement is given i:1 Fig. 7. The 
distances between the control val ves and the test 
valves were unchanged for all three faat wer e testej_ 
Tapered transitions were used to adapt from th e 36 
valves to th e 24 and 12-in. pipes. 

The total head available to the test facility 
var i e d with the water level in Hors etooth res er voir . 
In general, the press ure was a bout 100 psi . The 
press ure in the line ups t r eam of the test valves 
vari ed with the dis c ha rge rate through the valve and 
differ e nt i al pressure ac ross the valve was controlled 
b y adjusting the downstrea m valve. 

0 - RI VER MEANC£R AND MfXEL STUDY 

® - FIXEO 8£0 OPCN CHANNEL MXJEL 

, ,! ,' - HYOROI..OGIC ANO HYOROAIECHANICAL 

srwr AREA 

'i • - FIXED BED ~ N CHANNEL MOCEL 

AREA FOR GRAVITY FLOW 

,;-~~ - M00£L CONOUlr I JI; - ,,, Otorr..-1.,--

8 00 fl 10,.9 p,~ J FOR GEN£fiAJ. 

PIPE FLOW STUDIES 

/i ;- HYDRAJJLIC ANO FLUID OYNA/III IC 

l.AIJORATORY ANO SHOP IJUILCINGS 

Af:!..!:::! U NES SCR~O BY PUMPING Ft.ANT 

f'~ .!:..."!.... LIN€$ SERVED BY GRAVITY cLOW 
FROM RESERVOIR 

The discha rge through the s y stem was mea 
sured with a calibrated orifice located in the 36 -in. 
diameter supply line near the hydraulic laboratory . 
The manometers and r ecording instruments were 
located within the laboratory building. Press ur es 
upstream a nd downstream from the test valve were 
measured with pressure gauges located in the test 
line shown in Fig. 7, for t he 36 and 12 inch valves 
and with a differential press ure transducer for tests 
on the 24- in. valve . In c hronological order, the 
36 - in. valve was tested first, the 12- in valve n ext 
and th e 24 - in. valve last. Torque was measured 
in all tests with strain gauges and the r esults were 
r ecorded on a str ip ch art . 

COLLEGE LAKE 

FIG. 6 GENERAL ARRANGEMENT OF THE ENGINEERING 

RESEARCH CENTER 
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PACE PRESSURE TRANSDUCER 

FOR 24 " VALVE ONLY 

FLOW DI RECTION .. 

25' 

121. 5° 

BOURDON GAUGES 
SLOPE 1.2% 

0 

75.5 ° 

ELEVATION VIEW 

0 BOURDON GAUGES 

FOR 36" AND 12" VALVES 

FIG . 7 LOCATION OF PRES SURE TAPS 

TEST RESULTS AND DISC USSION 

Flow Characteristics 

According to Eq. (3), for a given valve po
sition, discharge is a function of the differential 
pressure across the valve and a variable coefficient 
C . Differential pressur ':!s were measured between 
two points, the first 15 ft upstream from the up
stream flange of the test valve and th e second 25 ft 
downstream from the do·Nnstream flange, for all 
three valves . Corrections were applied to measured 
values of t.p to indicate differential pressure across 
the valve from flange to flange . This was done by 
using a calculated pipe friction slope assuming the 
roughness elements in th e pipe to be 0. 00015 ft and 
with measured discharges. 

By dividing both s~des of Eq. (3) by the cross
sectional area of the app roach pipe, A, we obt ain: 

V= K~. ( 17) 

which is the relationship between average velocity 
V in the pipe and t.p across the valve for a given 
plu g position . 

Observation of all plotted data for the 36-in . 
valve (see Fig. 8) indicated that within the limits of 
accuracy, Cd, was ess 2ntially constant for all 
values of V at a partic·.1lar plug position, and a 
straight line could be drawn through the data having 
a slope of 1 / 2, con siste:1t with the exponent of t.p in 

5 

Eq. ( 17). Data were taken at plug positions of full 
open, 15, 25, 35, 45, 55, 60, 65, 70, 75, 78 and 
81 degrees. Relationships for other plug positions 
shown in Fig. 8 were established by interpolation. 
The values of K for the 36 -in . valve are shown in 
Fig. 9 . The data for F igs. 8 and 9 are tabulated in 
Table 1 of the Appendix . 

The curves of V vs t.p for different plug 
positions for t he 24-in. valve are shown in Fig. 10, 
and a curve for K is give n in Fig. 11. The data 
for the two figures are given in Table 2 of the 
Appenc.ix. 

Figures 12 and 13 similarly shows the r elation
ships between velocity, differential pressure and 
flow coeffic ient at various plug positions for the 
12-in. valve. The curves of K for all three valves 
are replotted in Fig. 14. This comparison clearly 
shows th at except for very small valve openings the 
flow coefficients for t h e three valves a r e pr actically 
identical. Th i s is to be exp ected because of the 
geometrical similarity of the three valves. Some 
variation is noted at very small openings, ( e near 
90 degrees). This is principally because the three 
valves did not close at identical values of 0. The 
differences are insignificant however, and a single 
curve of K may be applied to all three valves. 
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Torque Characteristics 

The relationships for torque was developed in 
Eq. (10) and was shown to be a function o :· the valve 
size, differential pressure across t h e valve, plug 
position, discharge and a torque coefficient. Fur
ther, the coefficient of torque was theorized in Eq. 
(9) to be a function of plug position, discharge and 
Reynolds number to flow. As will be dis c uss ed 
later, the torque coefficient ·Nas better r elated to 
diffe r e ntial pressure across the valve rather than 
with the R eyno lds number. 

The torque to open the valve was in general 
greater than the torque requ _red to close the valve, 
indicating that in the main, the dynamic torque acted 
in a direction which tended b close the valve . The 
dynamic torque should always act in th e sam e direc
tion at a particular discharge and plug pos ition, 
whether the valve is being o?ened or closed, but 
friction forces always act ir: a direction which op
poses motion. Thus, if it is assumed that at a given 
differential pressure and pl-lg position a nd with con
stant speed of plug rotation, the friction torque (or 
torque required to overcome friction), is the same, 
then friction tcrque and dynamic torque can be deter
mined from opening and closing torques in the fol
lowing manner : 

and 

where 

T - T 
0 C 

2 

T
O 

torque requirec to open the valve, 

Tc = torque requirec. to close the valve, 

TD = dynamic torque, 

T F = fr iction torque. 

( 18) 

( 19) 
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The basic d a ta from the tests of the 36 -in 
valve are given in Table 4 of th e App e ndix, and the 
r esults are plotted in Figs. 15 a nd 16 for opening 
and closing torqu es r espectively. In each of thes e 
figures lines of c onstant Li.p are drawn to the limits 
of th e data . It can be seen that as the differential 
pressure increases ac ross the valve, the torqu e 
r e quired to operate the valve increases . This bears 
direct relationship to increase in frict ion torque and 
dynamic torque. From these data, the friction and 
dynamic torques were calculated at constant differ
ential pressures. These results are shown in Figs. 
17 and 18 . The dynamic torque coefficients CT 
were calculated and plo tted :.n Fig. 19. Calculations 
are given in Table 7 . 

The coefficient of dy namic torque increases 
with increasing opening of the valve because the dis
charge hence dynamic torqu e increases with in
crease in ·1alve opening. The coefficient also 
increases with differential pressure. There w as a 
maximum value for torque coefficient at 60 psi. The 
coefficients for 70, 80 and 90 psi were very close to 
the maxin:um cu r ve at 60 psi. Within the range of 
pressures in this study therefore, th e re appears to 
be a maxi:num torque coefficient for the valve. 

The results of the tests for the 24-in valve are 
similarly shown in Figs. 20 through 24. The data 
are given in Tables 5 and 8 of the Appendix. The 
torqu e coefficients for the 24-in valve were almost 
identical to those of th e 36 - in valve. Comparison 
of the calculated values of CT in Tables 7 and 8 
will indicate that the magnitudes of differences were 
slight. 

The test results and analysis of torques for 
the 12-in valve are given in Figs. 25 through 29 and 
Table s 6 and 9. Comparison of torque coefficients 
for all three valves indicated that dynamic torque 
coefficiec1ts were similar and that they could be 
presented on one set of curves of CT as a function 
of plug position and Li.p as in Fig. 30. 



-~ 

(/l 

D -
I 

+...... 

f-0 

w 
~ 

0 
ct: 
0 
f-

l9 
z 
z 
w 
0.... 
0 

70,000 

t;P = 90 psi 

60,000 

50,000 

40,000 

/ 
V 

.,...80 0 

/ Vo 
V 

0 0 

~ / ~70 

-------
l..----"'" 

~ - l,.......--60 

~ ~ ----- ----~ 
i---

-----50 - ----~ 
30,000 

i__-- 40 

0 

_30 

20,000 

L---;--
i-- 20 ---

I 0,000 
,') ---1.-

~ 
L---

) -
0 )) 

,) 0 ) 

0 
90 

CLOSED 
80 70 60 5 0 40 30 20 

8, PLUG POSITION IN DEGREES 

FIG . 15 OPENING TORQUE 36-IN. VALVE 

tiP= IO psi 

0 

8 

10 

; 

0 
OPEN 



60,000-----------------....------------.....-----...------,,------,------

0 
0 0 

V) 

.D 

+--
f--u 

w 
:::) 

0 3 0,00 
a:: 
0 

~ f--01 

(.9 

z 
Cf) 

0 

<.) 

I 0,000 
0 30 

20 
tiP=IOpsi 

8 g 

0 
90 80 70 60 50 40 30 20 10 0 

CLOSED 8, PLUG POSITION IN DEGREES 
OPEN 

FIG. 16 CLOSING TORQUE 36- IN VALVE 



(/) 

.D 

+..... 

60,000 

50,000 

40,000 

LL 30,000 
I-

w 
:::> 
0 
a: 
0 
I- 20,000 

z 
0 -

/ 

J~ 
~ V 

;j ~ I/ 40° 

I 

8= 70° 

J 
~80° 

j 
~ 

,I 
V 
~ 

60° 

V 
/ 

~ V 

V 
V 50° 

I-
u -
a: 
LL 10,000 I-- 8 = 20°i 

~30° 

;;~ 
Id 
f/ 

0 
0 

FIG . 17 

20 40 60 80 100 

LlP IN psi 

FRICTION TORQUE 36 - IN VALVE 

16 



/ 

12.POO 

I 0,000 

(/) 

.D 
- 8,000 

+--...... 

0 
~ 

6,000 
w 
:::J 
a 
a:: 
0 
~ 

0 
4,000 

~ 
<t 
z 
>-
0 

2,000 

0 

0 0 

0 0 
'v h) - ,, 

-1 I ~ 

1/ II 
I /J I 
/J /1 // 

Pi 1// 
/ 

/ 

t2 / -----
0 20 

0 

~o 

/ 
'ooo I / J 

I / 
0 

/ 
0 I V 
~ / II 0 

I V 
10 -

I / 
V I / 

V 

/ V 
/ 

V 

/ 
/ 

V s0° ----
v-----

40 60 80 100 

.6P in psi 

FIG . 18 DYNAMIC TORQUE 36 - IN VALVE 

17 



I-
u 

-co 

0 .14 

SYMBOL LlP psi 

• 10 
6P= IOpsi 

0 . 12 0 20 
6 30 
D 40 
V 50 

0.10 t> 60 
<l 70 
◊ 80 
<> 9 0 

0.08 NOTE: 

CURVES FOR 

Ll P = 6 0, 7 0 , 8 0, 9 0 psi 
SAME AS FOR llP = 50 psi 

0 .06 

0 ..__ __ ____. ___ ___._ ___ __._ ___ __.__ ___ _.__ __ __JL....-__ __,_ ___ __._ ___ _. 

90 
CLOSED 

80 

FIG . 19 

70 60 50 40 30 2 0 10 

PLUG POSITION IN DEGREES 

DYNAMIC TORQUE COEFFICIENT 36- IN VALVE 

0 
OPEN 



I/') 

.0 

..... -
0 

f--

w ..... 
:::) CD 

a 
a:: 
0 
f--

<.9 
z 
z 
w 
0.. 
0 

7,000 ..----~-------,-------.----.-----r-----r--------,----1----7 

5,000 

4,000 

3,000 

2,000 

0 

0
90 

CLOSED 

0 

0 
0 

80 70 

~P=IOOpsi 

0 
0 

60 

8, 

30 

0 

50 40 30 

PLUG POSITION IN DEGREES 

FIG . 20 OPENING TORQUE 24 - IN VALVE 

20 10 0 
OPEN 



5,000 ,--------.------.-------,-----.....-----"T-"----..-------,------.-------, 

V) 

.D 

4,000 

~ 3,000 
+..... 

L'lP= IOOpsi 

w 2,000 40 

6 30 
0::: 
0 

'" I 20 0 

<.9 1,000 
z 
Cf) 

0 
_J 

u 

-1,00 0 .__-----+------+------+-

90 

CLOSED 

80 70 

30 

60 50 40 30 20 

8 PLUG POSITION IN DEGREES 
' 

FIG . 2 I CLOSING TORQUE 24 - IN VALVE 

LlP ::: lps i 

10 

10 0 

OPEN 



V> 
.0 

--
LL 

I-

w 
=> 
a 
n:: 
0 
I-

z 
0 
I-
u 
n:: 
LL 

2,000 

1,500 

1, 000 

0.__----~----~----~--------~ 
0 20 40 60 80 100 

liP in psi 

F IG . 22 FRICTION TORQUE 24 - IN VALVE 

2 1 



3,500~-------------------~---~ 

(/) 

.D 2 ,5 00 1-------+----'--'--+--- -l---+----_J_- +-------l 
..... -

0 
t--

w 
:::, 
0 
a:: 
0 
t--

u 
~ 
<[ 

z 
>-
0 

2,000 

1, 500 

1,000 

5001-J4--l---l----++-----,,£.---+-----+-----+--- 8O° ---
0 

0 ~ -==----'------.J...._ ____ .J...._ ____ .J...._ ___ _____J 

0 20 40 60 80 100 

LJP in psi 

FIG. 23 DYNAMIC TORQUE 24- IN VALVE 

22 



f-
u 

N 
w 

0.14 

SYMBOL CIP ps i 
tiP = IOpsi 

• 10 
0 .1 2 0 20 

t:, 30 

□ 4 0 

010 V 5 0 

I> 60 

<l 70 

◊ 80 
0 .08 

<> 90 

NOTE : 

CURVES FOR 
0 .06 CIP = 7 0, 80, 90 psi 

SAM E AS CIP = 60 ps i 

0 .0 4 

0 '-------"------'-------L----......__ ___ .,_ __ __,JL--------'-------'----....l 

90 
CLOSED 

80 70 60 

0, PLUG 

50 40 

POSITION IN 

30 

DEGREES 

20 

FIG . 24 DYNAMIC TORQUE COEFFICIENT 24 - IN VALVE 

10 0 

OPE N 



N 
,I>-

2,800 

2,40 0 

2,000 

V> 
.D 

.:: 1,600 

f-0 

w 

' ~ 1,200 

0 
f-

0 
z 
z 
w 
a.. 
0 

800 

400 

0 
90 

-u 

() 

0 

r, 

. 

CLOSED 

0 

0 0 
0 

0 

~ 

~ 

80 

l'.1P = 90 psi 

0 ..-----_____, r-- ~80 
0 

_______, 
n 70 

1) c::::::-_..,.... 
~ --- r-. '60 -- ~ 1) 

I ~ ) 
__, 

l.,..,--"50 

~ 
) 

-
1) ) ' ~ ---40 

I -~ 

8 
3(] 

) L--- 20 
_I__---.., 1) 

l'.1P=l0psi -------L----"1 

70 60 50 40 30 20 10 

8, PLUG POSITION IN DEGREES 

Fl G. 25 OPENING TORQUE 12 - IN VALVE 

0 

0 

0 

) 

0 

OPEN 



N 
(J1 

Cf) 

.D 

+-...... 

._s-> 

w 
::J 
0 
Cl:'. 
0 
I-

(9 

z 
(/) 

0 
_J 

u 

2 ,400 ,---------T------,-----"""'T""----""T"""----~----..--------,----~-----

1,600 

1,200 

800 

400 

20 
30 6P = IOpsi 

0 

0 

0 

0 

-400 
90 80 70 60 50 40 30 20 10 0 

CLOSED 8, PLUG POSITION IN DEGREES OPEN 

FIG . 26 CLOSING TORQUE 12 - IN VALVE 



2,400 

_2 2,000 

I 
+...... 

1-u... 1,600 

w 
::J 
0 
a: 
0 
I- I, 200 

z 
0 -
I-
0 -
a: 800 LL 

400 

.c 
8=2~ 

[Y 
0 

0 

i 
~ ~ 

7 
20 

8=80Cl 
~ 

/ 
//70° 

/ v/ 1/60°-

/ v::v 
~ V / 1/1500 

i ~ ~ 40° 

& 1/ 
p 
30° 

40 60 80 100 

6. P in psi 

FIG . 27 FRICTION TORQUE 12 - IN VALVE 

26 



er, 
.0 

I-

w 
:J 
0 
a::: 
0 
I-

(.) 

~ 
<! 
z 
>-
0 

700-----~-----r------,-----.-------, 

0 

0 
t1-

6001------l------+-------,f-+-----t----------, 

0 

50 0 L--------1-------+----+----+-- <r)O ---1--------, 

~00 

0 

10 

200 

----1--- 80° 

20 40 60 80 100 

/1 P in psi 

FIG. 28 DYNAMIC TORQUE I 2 - IN VAL V E 

27 



t--
u 

N 
00 

0 .14 

SYMBOL LlP psi 

• 10 

0.12 0 20 

6 30 

□ 40 

0 . 10 V 50 

t> 60 

4 70 

0.08 ◊ 80 

<> 90 

C = 
T 

LlPD3 

0.06 

NOTE : 

CURVES FOR 
6.P= , 70, 80, 90 psi SAME AS 

0.04 6.P= 60 psi 

0
90 

CLOSED 

80 70 60 50 40 

8, PLUG POSITION 

6.P=IOpsi 

30 20 

IN DEGREES 

FIG. 29 DYNAMIC TORQUE COEFFICIENT 12 - IN VALVE 

10 0 

OPEN 



N 
CD 

f
u 

0 .14 ,-------,------r------r----""T"""----.-----.-------,------,-----, 

t.P = 10 psi 

0 .12 NOTE : 

CURVES FOR 

11P = 70, 80 , 90 psi 
SAME AS FOR nP = 60 psi 

0 . IO t-------t-----1-----+------+-----+-----+----+-------,r-----+-----1 

0 .0 4 ------+------+------+ 

o.__ __ __. ___ __._ ___ _._ ___ _._ _________ ...._ ___ ....._ __ ___. ___ __, 

90 

CLOSED 

80 70 60 50 40 30 20 10 

8, PLUG POSITION IN DEGREES 

FIG . 30 DYNAMIC TORQUE COEFFICIENT PERMASPHERE VALVES 

0 

OPEN 



co 

The flow coefficients K and dynamic torque 
coefficients CT were found to be similar for all 
three sizes of values tested ( 36, 24 and 12-in). This 
was because the values are geometrically similar, 
(with only minor dis crepancies) in so far as flow 
through the valve is concerned. Because both flow 
coefficient K and dynamic torque coefficient C are 
dependent on the flow through the valve th ey should 
be s imilar in characteristic. Thus as long as 
similarity is mai ntained, then th e results may be 
used for valve sizes other t ha n those on which these 
tests were made . The flow coefficients are given 
in Fig. 14 and the torque coefficients in Fig . 30. 

30 

The results of this study can be used to 
determine quantity of discharge that will flow 
through a permisphere valve at a given opening and 
differential pressure. Thus , knowing either dis 
charge or pressure conditions required for a given 
installation, the prope r piping and val ve size can 
be determined . The dynamic torque coefficients 
will then e nable determination of properly sized 
operating equipment to be adapted to the valve and 
to be assured that com ponent parts of t h e valve 
are consistent to withstand the forces to which the 
valve will be subjected . 
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TABLE 1 

FLOW DATA FOR 36 -IN PERMASPHERE VA L VE 

Valve Measured Adjusted 

Position Q Ll.p* Q V il.p K = V/ToP 

90 0 92. 5 0 92. 50 0 

87 0 92 . 5 0 92 . 50 0 

84 - - 92. 0 2 . 72 0 . 385 92 . 10 . 040 

81 7. 1 9 1. 3 7 . 56 7 . 072 91 . 30 . 112 

78 14, 7 89. 2 13. 72 1. 942 89 . 78 . 205 

75 21. 2 87 . 9 21,2 3,000 87. 77 . 320 

70 35,3 82. 2 35.3 5 , 000 82 . 34 . 550 

65 51. 5 74. 7 51.5 7.300 74 . 47 . 846 

60 67.5 63 ,0 67,5 9.550 62, 77 1. 207 

55 81. 5 50. 7 8 1. 7 11. 560 50 , 38 1, 628 

45 105. 26. 2 103.8 14 , 680 25. 78 2.890 

35 114. 11. 2 114. 7 16. 250 11 .58 4 . 780 

25 120. 4. 75 119 . 7 16 . 920 3.86 8 . 630 

15 121. 1. 7 121, 2 17 , 200 0, 83 18.89 

0 122 . --- 122,0 17. 280 0, 014 146. 5 

* Measured Ll.P between points 15 ft upstream fr om the upstream flange of the 
valve and 25 ft for dow:istream from the downstr eam flange. 
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TABLE 2 

FLOW DATA FOR 24-IN PERMASPHERE VALVE 

Valve 
Measured Adjusted 

Position Q 
I 

~p* Q V K = V/-{i:p ~p 

81 2.4 95.8 2.40 .765 95 .8 . 0782 
78 5.9 96. 4 5 . 90 1. 88 96.4 . 1915 

5.9 180 . 2 6.06 1. 93 100 . 2 . 193 
3 . 4 30,0 3. 27 1. 04 30. 0 . 190 

75 5.9 38.0 5.90 1. 88 37. 98 .305 
8 .0 77.0 8 . 42 2.68 77. 96 . 304 
9 .5 97.4 9.50 3.02 97. 36 . 306 

70 16.5 97.4 16.50 5.25 97. 29 . 532 
13. 0 66 . 0 13 . 51 4. 31 65. 97 . 531 
11. 0 39. 7 10 . 40 3 . 31 39.64 . 526 

8. 5 20.8 7.53 2.39 20. 73 . 526 

65 11. 0 18.5 10. 72 3. 42 18. 45 . 777 

15.9 39.6 15 71 5.01 39.50 . 795 

19.2 68 . 5 20 . 70 6.58 68. 33 .805 
24.5 97.6 24 65 7 . 85 97. 36 . 796 

60 34. 2 98 .4 34 20 10. 90 97.95 1 . 101 

28. 3 74. 0 29 . 50 9.40 7 3. 66 1. 095 
22.5 42 . 6 22.50 7 . 16 42. 20 1. 107 

17 . 0 22.6 16. 33 5. 20 22. 48 1. 098 

55 22.2 21. 4 21. 38 6. 79 21. 22 1. 47 5 
32. 2 48.8 32. 20 10 . 25 48.40 1. 476 
39.2 80. 5 40. 85 13. 00 79.85 1. 46 
44 .0 95.8 44. 00 14.00 95. 05 1. 435 

50 54.5 90.4 57 . 10 18. 18 89. 16 1. 922 

48.5 70. 0 50.60 16. 10 69 . 01 1. 935 

36.5 33 . 5 35. 20 11 .20 33. 01 1. 946 

24 . 4 14. 7 23 . 25 7.40 14 . 48 1. 946 
40 36.0 11. 0 36. 0 11 . 45 12. 12 3. 32 

60.0 35.0 60.0 19. 11 33.61 3. 29 

74. 0 52.0 74. 0 23.55 49.94 3. 33 

78.0 60 . 0 78.0 24. 90 56. 21 3. 32 
30 96.0 29 . 5 96.0 30.60 26. 07 6. 00 

79.0 19.5 7S. 0 25.20 1 7. 15 6. 09 

48 . 3 7 . 4 48. 3 15.35 6.60 5. 98 
20 56 . 5 3 . 8 5E.5 18 . 00 2. 22 12.09 

93.0 8 . 7 9::0. 0 29 .60 5. 76 12. 30 

107.5 12. 2 1 O'i. 5 34.20 7.86 12. 21 
10 119. 6. 1 118. 0 37.90 1. 25 30 . 3 

0 11 o. 0 3. 1 110. 0 35.00 0. 053 152.0 

121. 0 3.8 121. 0 38.50 0.064 152. 1 

* Measured ~p between points 15 ft upstr-eam from the upstream flange of the 
valve and 25 ft for downstream from the downstream flange. 
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TABLE 3 

FLOW DATA FOR 12-IN PERMASPHERE VALVE 

Measured Adjusted 
Valve 

Position Q t:,.p'' Q V t:,.p K = V/ t:,.p 

90 0, 96 . 0 96. 0 

87 0, 96 . 0 96. 0 

84 0, 96 . 0 96. 0 

8 1 96. 0 96,0 

78 96 . 0 . 60 . 765 96. 0 . 078 

75 96. 1. 40 1,7 33 95.96 . 182 

70 96 . 3 . 20 4.08 95.87 . 417 

65 5.8 96. 5. 40 6 . 88 95. 16 . 705 

60 6.35 95. 8.00 10 , 20 94. 07 1, 050 

55 10 , 7 93. 11. 10 14. 13 91. 95 1. 478 

50 16. 7 92. 14 .80 18.88 88. 96 2,000 

40 26,2 85. 24 . 20 30.80 77. 12 3. 510 

30 30.5 72. 5 36.00 45.80 53 . 80 6. 260 

20 47. 5 5 1, 5 47. 20 60. 10 23. 30 12. 45 

10 54. 5 35.5 54.5 69.50 4. 20 33,90 

0 58. 20.0 58.0 73.80 0, 25 147. 6 
i 

* Measured t:,.p between points 15 ft upstream from the upstream flange of the 
valve and 25 ft downstream from the downstream flange. 
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TABLE 4 

36-IN PERMASPHERE VALVE MEASURED TORQUE 

Plug 
T T 

Posit . Q V .C:.p 0 C 

89 0 0 92 . 5 51, 100 
87 0 0 92.5 54, 900 52, 900 
84 2. 7 0 . 382 92. 1 56, 500 56,800 
81 7.5 1. 06 91. 2 56, 100 54, 900 
78 13 . 7 1 . 94 89 . 8 61, 000 54, 600 
75 21. 2 3 . 00 87 . 0 58, 800 49, 700 
75 8 . 12 1. 15 12 . 6 13, 040 9, 350 
70 35.3 5.00 82. 3 53, 400 44, 000 
65 51. 5 7 . 29 74. 7 53, 600 35, 900 
60 67.5 9 . 56 62 . 5 50, 400 26, 300 
60 12.9 1 .824 2 . 3 2, 170 3, 200 
60 27 . 3 3.86 10 , 0 7, 380 3, 020 
55 81. 8 11. 58 53.0 42, 250 15, 700 
45 103.8 14. 70 25 . 5 24, 600 5, 900 
45 23. 7 3. 35 1. 3 2, 130 2, 170 
45 50.8 7. 19 6. 1 4, 375 1, 780 
35 104.7 14 . 83 9.6 14, 200 0 
30 107. 7 15. 26 5.6 11, 000 500 
30 35.5 5.02 0.6 2,480 2, 240 
30 78.5 11. 1 2.9 3, 640 1, 860 
15 121. 1 17. 18 0 . 83 5, 200 460 
15 79. 0 11. 18 0. 35 3, 020 2, 010 
15 47.75 6. 75 0 . 13 2, 530 2, 480 

0 122.0 17 . 28 0. 135 2, 500 2, 560 
0 79. 5 11 . 24 0.056 2, 400 2, 480 
0 48 .0 6. 79 0.02 2, 440 2,480 
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TABLE 5 

24-IN PERMASPHERE VALVE MEASURED TORQUE 

Plug T T 
Posit. Q V -6.p 0 C 

87 0 0 100. 5 4, 920 3, 940 
87 0 0 49. 2 2, 220 2, 160 
87 0 0 20.8 1, 170 
87 0 0 12 . 2 1, 230 
87 0 0 87. 7 3, 260 2, 960 
84 0 0 100. 5 3, 700 3, 200 
84 0 0 66. 0 2, 610 
84 0 0 46 . 2 1, 910 
84 0 0 42.6 2, 160 
84 0 0 28. 0 1, 540 
81 0 .5 2 o. 16 5 4.5 492 
81 0.48 0. 152 3.8 492 
81 0 .97 o. 31 14.6 922 
81 o. 72 0 . 23 8 . 4 740 
81 1. 87 0. 585 57. 0 1, 970 
81 1. 41 0.45 32 . 5 1, 420 
81 2.37 o. 755 92. 0 3, 390 
81 2.31 0 . 735 86. 0 2, 340 
78 5.9 1. 88 96. 5 3, 750 
78 5.96 1. 90 100 . 00 2, 220 
78 5.99 1. 91 100. 2 4,800 2, 790 
78 3. 2 1. 02 30.0 2, 095 1, 480 
78 1.32 0 . 42 4.8 740 740 
75 1. 25 0 . 387 1. 7 460 
75 1. 35 0 .43 2. 0 492 
75 3.32 1. 06 12.0 985 800 
75 5.4 1. 72 32. 1 2, 030 1, 170 
75 8. 16 2.6 72. 0 3,450 
75 8.5 2. 71 78. 0 1, 725 
75 9. 48 3. 02 97.4 4, 990 
75 9.57 3.05 99.4 2, 400 
70 16.5 5. 25 97.5 4, 620 185 
70 13 . 34 4 . 25 66.0 3, 700 
70 13 .8 4.40 69 . 0 1, 354 
70 10. 7 3.40 41. 0 2, 900 1, 354 
70 7 .67 2. 41 21. 0 1, 850 1, 170 
70 1. 98 0 . 63 1. 4 555 678 
65 2 . 4 o. 765 0.90 308 555 
65 4 .8 7 1. 55 3.8 370 615 
65 10 .9 3. 47 10 .0 1, 480 676 
65 15 . 7 5. 0 39.6 2, 900 
65 16 .3 5.2 42.0 740 
65 20 .6 6.55 68. 2 4, 430 
65 21 . 2 6. 75 72.6 492 
65 24 .5 7.8 97.6 5,850 
65 24 .8 7.9 100 . 0 146 
60 33.6 10. 7 96. 5 6, 030 
60 33.9 10.8 99.4 -431 
60 29 . 0 9 . 25 71 . 6 4, 920 
60 30. 8 9.8 80. 5 62 
60 22.0 7.0 41.0 3, 690 
60 22 .9 7.3 44 , 0 615 
60 16.0 5. 1 22. 0 2, 340 862 
60 5.25 1. 67 2. 3 492 676 
55 6 .50 2.07 2. 0 307 591 
55 21. 4 6 . 8 21. 2 2, 090 
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':'ABLE 5 (cont'd) 

24-IN PERMASPHERE VA LVE MEASURE D TORQUE 

Plug T T 
Posit. Q V .C:,.p 0 C 

55 22.6 7 .2 24. 3 221 

55 31.4 10. 0 46 .4 3, 690 
55 32.9 10 .5 52. 0 - 37 0 
55 40.5 12 .9 78. 5 5, 420 
55 38.0 12 . 1 69. 2 -431 
55 37. 7 14. 0 90 . 0 6, 150 
55 38.5 14 . 3 94. 0 - 800 
50 47.9 17 .8 84. 0 5, 910 
50 50 .3 18 . 7 94 . 0 -1, 540 
50 41. 7 15. 5 66 . 0 5, 17 0 
50 39.3 14 .6 56 . 0 - 676 
50 29.4 10.9 32.2 3, 260 
50 30. 7 11. 4 35. 0 123 
50 22. 6 7. 2 14. 1 1, 725 
50 23.5 7 . 5 15. 2 555 
50 7 . 74 2.87 2. 2 308 
50 8. 25 3. 06 2. 5 492 
40 14 . 4 4.60 1. 9 401 316 
40 28.9 10 . 7 10 . 7 1, 490 
40 29.9 11 . 1 11 . 1 57 
40 46. 1 17 . 1 26.0 3, 390 
40 49. 4 18 . 3 32. 2 -431 
40 59.6 22 . 1 44 .0 5, 350 
40 66.3 24.6 56. 7 -1, 480 
40 78.0 26. 9 67. 5 5, 550 
40 76.9 26. 5 I 

66.0 -1 , 480 
30 98 .0 31. 3 26.0 4, 120 -1 , 046 
30 94.0 30 .0 24. 5 4, 25 0 
30 32. 2 27.0 -1, 108 
30 77. 0 24. 5 16.8 2,830 
30 83 . 1 26.5 19.0 - 615 
30 50.5 16. 1 7.0 1, 292 
30 51. 2 16. 3 7.3 308 
30 21.4 6.8 1. 3 370 67 5 
20 36 . 4 11 . 6 0 .9 58 1 295 
20 65.0 20. 7 2. 9 1, 360 50 
20 93.2 29. 7 5 . 9 2, 120 
20 96 . 1 30.6 6. 3 -631 
20 108.3 34.5 7.9 2, 640 
20 110 . 5 35. 2 8.4 - 830 
20 112 . 35.6 8. 5 2, 470 - 802 
10 113 . 0 36. 0 1. 1 2, 350 - 802 
10 55.9 17 . 8 o. 26 919 11 5 
10 47. 7 15. 2 0. 20 53 1 232 

0 59.6 19. 0 . 015 53 1 432 
0 11 o. 0 35.0 . 053 53 1 515 
0 121,0 38. 5 . 064 432 500 
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TABLE 6 

12- IN PERMASPHERE VALVE MEASURED TORQUE 

Plug 
T T Posit. Q V ~p 0 C 

86. 5 0 0 9. 2 420 
86. 5 0 0 48. 2 1, 470 
86. 5 0 0 60. 1, 74 0 
86 . 5 0 0 7 1. 2 2, 000 
85 0 0 90. 3 2, 550 
87 0 0 1, 140 
87 0 0 1, 620 
87 0 0 1, 860 
87 0 0 72.4 1, 960 
87 0 0 2, 460 
87 0 0 2, 640 
84 0 0 1, 4 20 
84 0 0 57.4 1, 750 
84 0 0 89. 2 2, 360 
84 0 0 2, 490 
84 0 0 2, 180 
84 0 0 57.4 1, 520 
84 0 0 1, 330 
84 0 0 45 0 
81 0 0 27. 3 600 
81 0 0 1, 510 
81 0 0 88 . 5 2, 290 1, 790 
81 0 0 94. 3 2, 330 2, 065 
8 1 0 0 27. 3 550 
8 1 0 0 2, 340 
75 . 78 1 . 0 30.3 1, 200 750 
75 1. 24 1. 58 76.0 2, 030 1, 620 
75 1. 41 1. 80 99.0 2, 240 1, 950 
75 0.98 1 . 25 48.0 1, 760 
70 3. 12 3 . 98 92. 0 2, 130 1, 7 10 
70 2.80 3. 57 7 6 . 5 1, 920 1, 440 
70 2.38 3. 04 54.0 1, 620 1, 140 
70 1. 85 2 . 35 33.4 1, 240 830 
70 1. 33 1 . 7 0 17.4 740 480 
60 1. 7 3 2. 20 4 .4 2 10 30 
60 3.34 4 . 25 16. 7 6 10 330 
60 4.98 6 . 35 36. 5 1, 230 750 
60 6.2 7. 90 56.5 1, 670 990 
60 7. 1 9. 05 7 5. 0 1, 950 1, 140 
60 7.86 1 o. 0 1 94. 0 2, 2 10 1, 41 0 
50 14.2 18. 1 83. 0 2, 070 760 
50 13. 3 16. 9 73.0 2, 0 00 88 0 
50 11. 2 14. 3 53.5 1, 630 680 
50 9. 1 11 . 6 3 4 .0 1, 260 550 
50 6.2 7.9 16. 5 620 300 
35 30.2 38.5 73.0 2, 010 
35 27.2 34 . 7 60.0 1, 80 0 150 
35 22.9 29. 2 4 2. 0 1, 540 2 10 
35 17.8 22. 7 25.0 1, 070 25 0 
35 11. 47 14 .6 11. 0 1, 100 450 
20 46.3 59. 22 . 5 1, 560 3 10 
20 38. 1 48. 5 15.0 1, 740 18 0 
2 0 31. 0 39. 5 10. 0 930 160 
20 16.8 2 1. 4 2.9 340 

5 24 . 9 3 1. 7 0. 24 160 7 0 
5 47. 1 6 0 . 0.84 480 -20 0 
5 55. 7 7 1 . 1. 20 670 -320 
0 57.6 7 3 . 5 20. 24 70 70 . 
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Plug 
Posit. ti.p 

80 10 
20 
30 
40 
50 
60 
70 
80 
90 

70 10 
20 
30 
40 
50 
60 
70 
80 
90 

60 10 
20 
30 
40 
50 
60 
70 
80 

50 10 
20 
30 
40 
50 
60 

40 10 
20 
30 

30 10 
20 

20 10 

TABLE 7 

CALCULATION FOR DYNAMIC TORQUE COEFFICIENT 

36-IN VALVE 

T T TD 0 C 

5, 390 5, 300 45 
13, 170 12,80 0 185 
20, 300 19, 500 400 
26, 200 25, 000 600 
32, 300 30, 500 900 
37, 500 35, 600 950 
42, 600 40, 500 1, 050 
48, 700 46, 200 1, 250 
55, 000 52, 000 1, 500 

5, 260 4, 500 38 0 
13, 000 11, 20 0 900 
19,720 16, 600 1, 560 
26, 540 22, 000 2, 270 
33, 260 27, 000 3, 130 
38, 800 3 1,800 3, 500 
45, 800 37, 200 . 4,300 
53, 500 43, 500 5,000 
62, 000 50, 400 5,800 

5, 500 3,800 850 
12,980 9, 500 1, 740 
20, 320 14, 500 2, 91 0 
26, 7 00 18, 50 0 4, 100 
34, 000 22, 60 0 5, 730 
41, 800 28, 500 6,650 
49, 500 34, 500 7,500 
58,500 41 , 500 8,500 
5,700 3, 500 1, 100 

13, 200 7,800 2, 700 
20,300 11, 700 4,340 
27, 100 15, 000 6, 050 
36, 400 19, 500 8,450 
44,500 25, 200 9,650 

6, 600 3, 000 1,800 
14, 300 6, 200 4,050 
21, 400 9, 000 6 , 20 0 

9, 220 3, 200 3, 010 
16, 500 5, 100 5, 700 
11, 700 3, 300 4, 200 

40 

TF CT 

5, 340 . 00132 
12, 980 . 00 27 
19,900 . 0040 
25, 600 . 0044 
31,400 . 0046 
36, 550 . 0046 
41, 550 . 0044 
47,450 . 0045 
53,500 . 0048 

4,880 . 0100 
12, 100 . 0136 
18, 160 . 0150 
24, 270 . 01 64 
3 0, 130 . 0162 
35, 300 . 01 69 
41, 500 . 017 6 
48,500 . 0180 
55, 200 . 0186 

4,650 . 0246 
11, 220 . 0255 
17, 420 . 0280 
22, 600 . 02 95 
28,300 . 02 97 
35, 150 . 03 20 
42, 000 . 0306 
50, 000 . 0308 
4,600 . 0317 

10, 500 . 0390 
16, 000 . 0418 
21, 050 . 0437 
27, 950 . 0439 
34, 850 . 0466 

4,800 . 052 
1 o, 25 0 . 059 
15, 200 . 060 
6, 21 0 . 087 

10,800 . 08 3 
7,500 . 122 



Plug 
Posit . L':,.p 

80 10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
70 10 

20 
30 
40 
50 
60 
70 
80 
90 

100 
60 10 

20 
30 
40 
50 
60 
70 
80 
90 

100 
50 10 

20 
30 
40 
50 
60 
70 

40 10 
20 
30 
40 

30 10 
20 
30 

20 10 

TABLE 8 

CALCULATION F OR DYNAMIC TORQUE CO3FFICIENT 

24-IN VALVE 

T T TD 
0 C 

88 0 850 15 
1,360 1,230 65 
1,810 1,540 135 
2,210 1,800 205 
2,550 2,030 260 
2,860 2,230 315 
3,130 2,430 350 
3,470 2,660 405 
3,640 3,010 215 
3,950 3,580 185 

98 0 730 125 
1,560 940 310 
2,110 1,070 520 
2,610 1, 140 735 
3,040 1, 180 930 
3,440 1, 160 1,140 
3,780 1,080 1,350 
4, 130 93 0 1,600 
4,540 690 1,925 
5,000 400 4300 
1, 120 700 210 
1,830 690 570 
2,530 600 965 
3,150 450 1,350 
3,670 270 1,700 
4, 150 50 4050 
4,640 -150 4395 
5, 150 -320 4 735 
5,670 -480 ~075 
6,230 -610 3,42 0 
1,270 540 365 
2,200 370 9 15 
3,050 150 1,450 
3,75 0 -250 4 000 
4,350 -700 2,525 
4,930 -1000 2,965 
5,580 -1250 3,415 
1,500 300 600 
2,650 - 50 1,350 
3,650 -550 2,100 
4,450 -1180 2,8 15 
1,900 100 1,000 
3,250 -550 1,900 
4,300 -1200 2,750 
2,300 -800 1,530 

41 

TF CT 

865 . 0013 
1,295 . 00282 
1,675 . 00392 
2,005 . 00445 
2,290 . 00452 
2,545 . 00484 
2,780 . 00435 
3,065 . 00440 
3,225 . 00208 
3,765 . 00161 

855 . 0109 
1, 250 . 0135 
1, 590 . 0151 
1, 875 . 0160 
2, 110 . 0161 
2,300 . 0175 
2, 430 . 0167 
2, 530 . 0174 
2, 615 . 0186 
2,700 . 0200 

910 . 0181 
1, 260 . 0248 
1, 565 . 0280 
1, 800 . 0293 
1, 970 . 02 96 
2, 100 . 0315 
2, 245 . 0297 
2, 415 . 0297 
2, 595 . 02 97 
2, 810 . 0297 

905 . 0317 
1, 285 . 0398 
1, 600 . 0420 
1,750 . 0435 
1, 825 . 0439 
1, 965 . 0455 
2, 165 . 0423 

900 . 0521 
1, 300 . 0586 
1, 550 . 0609 
1, 635 . 0610 
1, 100 . 0869 
1, 350 . 0825 
1, 550 . 07 97 

750 . 132 



Plug 
Posit . .Cip 

80 10 
20 
30 
40 
50 
60 
70 
80 
9 0 

70 10 
20 
30 
40 
50 
6 0 
70 
80 
90 

60 10 
20 
30 
40 
50 
60 
7 0 
80 
90 

50 10 
20 
30 
40 
50 
60 
70 

40 10 
20 
30 
40 
50 
60 

30 10 
20 
30 

20 10 

TABLE 9 

CALCULATION FOR DYNAMIC TORQUE COEFFICIENT 

2 - IN VALVE 

T T TD 0 C 

224 220 2 
560 540 10 
854 820 170 

1 , 160 1, 1 10 25 
1, 380 1 ,310 35 
1 , 560 1, 480 40 
1 , 700 1,610 45 
1 , 890 1 ,79 0 50 
2 , 080 1 , 9 70 55 

230 200 15 
560 480 40 
850 720 65 

1, 160 9 7 0 95 
1, 390 1, 150 1 20 
1, 5 6 0 1, 260 150 
1,730 1, 380 175 
1, 930 1, 5 10 2 10 
2 , 17 0 1, 6 9 0 240 

240 1 80 30 
5 7 0 425 7 3 
860 620 1 20 

1 , 160 820 170 
1 , 39 0 9 00 245 
1, 580 

I 
1,0 20 280 

1 , 7 80 1, 1 30 325 
1, 990 1 ,240 350 
2 , 2 10 1, 400 405 

250 160 45 
580 350 11 5 
86 0 500 1 80 

1, 1 7 0 650 260 
1 , 400 720 340 
1, 6 20 79 0 4 15 
1, 830 860 485 

29 0 14 0 75 
6 00 26 0 17 0 
880 350 265 

1 , 200 440 380 
1 ,460 400 530 
1 , 7 00 450 625 

35 0 11 0 1 20 
650 1 80 235 
9 10 2 10 350 
4 10 100 155 

42 

TF CT 

222 . 00140 
550 .0035 
837 .004 

1 , 1 35 . 0045 
1, 345 . 0"45 
1 ,570 .00475 
1, 655 ,00445 
1 ,840 . 00442 
2 , 025 ,0040 

215 .0 105 
52 0 . 0 1400 
785 ,0 151 

1 ,080 ,01 64 
1 , 270 .0 165 
1 ,410 .0 173 
1,555 . 0 175 
1, 7 20 . 0 1 8 1 
1, 930 . 0 1 87 

210 . 0208 
4 9 7 . 0250 
740 ,0280 
990 . 0294 

1, 145 . 0 340 
1, 300 . 0 321 
1, 455 ,0 322 
1, 6 15 .0304 
1, 805 , 0 310 

225 . 03 1 8 
465 . 040 
680 . 0420 
9 10 .0450 

1 ,060 .047 
1, 205 .0478 
1 , 345 . 0488 

2 15 . 0 5 21 
430 . 0588 
6 15 .06 10 
820 . 06 20 

1, 0 30 . 0735 
1, 125 . 072 

2 30 . 0 840 
415 , 08 20 
560 , 0 800 

25 5 . 11 0 
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