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ILL/NO/S POWER COMPANY y f3 (79_;gyg
500 SOUTH 27TH S'REET, DECATUR, ILLINOIS 62525

October 22, 1982
s

Mr. Cecil 0. Thomas, Chief
Standardization & Special Projects Branch
Division of Licensing
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Thomas:

Clinton Power Station Unit 1
Docket No. 50-461

Reference: (1) IP Letter U-1431, from G. E. Wuller to J. R. Miller,
dated 3/10/82.

(2) IP Letter U-0544, from G. E. Wuller to C. O. Thomas;
dated September 16, 1982.

In referenced letter #1, Illinois Power Company committed
to demonstrate the capability of the Clinton Power Station
(CPS) containment vent / purge butterfly isolation valves to
function as designed through further operability analyses
(as required by TMI Action Plan Item II.E.4.2(6)). Enclosed
are copies of the completed analyses required regarding CPS
Safety Evaluation Report (CPS-SER) Outstanding Issue #10a.

The manufacturer of the Clinton Power Station Unit 1
Containment Vent / Purge isolation valves, Posi-Seal International
Inc. , has performed a dynamic analysis to assure subject valve
operability with the loads experienced during a combined Loss of
Coolant Accident (LOCA) and a Seismic Event. These analyses
were performed in accordance with the NRC guidelines provided
to Illinois Power Company (IP) (" Vent and Purge Valve Operability
Review List") during the November / December SER meetings. The
results are summarized below:

1. Valve closure times during a combined LOCA/ seismic
event will be less than or equal to the no-flow time
demonstrated during shop tests, since fluid dynamic
effects tend to close a butterfly valve. Comparisons
of calculated no-flow closure times with actual no-flow
closure times support the models used.

2. The operability analysis compares the torque requirements
of the valves, with the containment and drywell pressurized
to 9 and 30 psig respectively, to the capability of the
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actuators to close the valves. The media flowing
through these valves is steam / air at 100% R.H. and
330 F. The results demonstrate the capability of the
valves to close under all postulated accident and
operating conditions.

The effects of piping bends / tees and valve orientation
were considered in the torque calculations by modeling
drawings of the piping / valve configurations at Clinton.

In addition, sealing integrity has been evaluated. The
Posi-Seal butterfly valve sealing mechanism is a combination
sealing ring / backing ring. The sealing ring is made of an inert,
low-friction, wear-resistant elastomer called TEFZEL. The
dynamic sealing mechanism involved results in a tighter seal
than that typical of more resilient seals. Details of this
sealing mechanism have been provided to you in the Reference
#2 letter.

Posi-Seal recommends two actions be taken to ensure valve
operability, and thus the validity of this report. These
recommendations are as follows:

1) For all 36" valves, it is recommended that the body / bracket
bolts be changed to A354 Gr BD material, since in the
event of a combined seismic /LOCA loading the present
A193 Gr B7 bolts will be overstressed.

2) The subject valves will perform properly provided they
are installed with the flow resulting from a LOCA going
in the preferred direction and oriented as recommended.

IP agrees with the above recommendations and proposes the
following actions:

1) The body / bracket bolts of all 36" valves will be replaced
with bolts made of A354 Gr BD material.

2) The orientation of all subject valves will be checked to
either verify they match the recommended orientations,
or the orientations will be revised in the field. IP is
currently checking the installation orientations of
these valves. Any discrepancies will be corrected
appropriately.

As a result of our meeting with members of NRR on July 20,
1982, we have reviewed potential modifications to the CPS

i containment ventilation system which would eliminate the need
|

for the use of the large vent valves. We have determined that
such modifications would cost a minimum of four million dollars
and could impact our construction schedule. It is IP's position
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that the enclosed report supports our intention to utilize the
presently-designed containment HVAC system on a continuous
basis during normal plant operations. This is consistent with
our position on continuous vent / purge as previously discussed
with members of the NRC Staff.

In summary, we request early staff-review of this report
and propose to meet with you, as required, such that this
issue can be closed out in the next supplement to the CPS-SER.

Sincerely,

'A * ,e

G. E. Wuller
Supervisor-Licensing
Nuclear Station Engineering

TLR/jmm

Enclosure

cc: Mr. J. H. Williams , NRC Clinton Project Manager
Mr. H. H. Livermore, NRC Resident Inspector
Mr. L. C. Ruth, NRC Containment Systems Branch
Illinois Dept. of Nuclear Safety

-

-

bec: . CPS /DRC -(0982)
L. J. Koch, B-25 w/o encl.
J. D. Geier w/o encl.
J. S. Spencer w/o encl.
E. W. Kant w/o encl.
D. L. Holtzscher w/o encl.
T. L. Riley w/o encl.
C. C. Wheeler w/o encl.
L. S. Brodsky, T-31 w/o encl.
J. G. Cook, T-31 w/o encl.
H. M. Sroka, (S&L), F1. 21 w/o encl.
D. P. Hall, B-16, w/o encl.
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DATA TRANSMITTAL FORM
-

ATl:To: SARGENT 6 LUNDY ENGINEERS D

55 EAST MONROE ST. ', , - - , . , ,
W "/ "CHICAGO, IL 60603

ATTN: H.M. SR0KA/J.i... DCDECK
SUBJECT:

CLINTON POWER STATION UNITS 162
BUTTERFLY VALVES SPEC K2S68 __

PURCHASE ORDER NO. C7902 ANS.BY
POSI SEAL REF. NO. 16204 rn

Gentlemen:

The documents listed below are subrnitted for your accrovat as recuired by the subject purchase order and referenced
specifications

Please Seknowiecce receipt of same by signing and returning one copy of this form to the attention of:Robert J. tites

item Description |Rev. j Copies

1 NUCLEAR SEIMIC 5 LOCAL ANALYSIS 16204SL-001 - !1
I I

I

(. I
I
f

|

.

l.

|

|
-

.

NOTE: IN ORDER TO HANDLE YOUR ORDER AS EXPEDITIOUSLY AS POSSIBLE,
APPROVAL SHOULD BE RETURNED NOT LATER THAN 11-1-82.

.'ACK ORCUTT-EQUIPTR )L
MR()IILL HARRINGTON , PROJECT MGR.CC:

m

Samt'By y/ iMt[ L. y T.t t i e Date

NOBEM 5 N TdS^'\ MANAGER-CONTRACT SALES 9/30/82

) RcIeTveo ey Title Date

ft'
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. (3) Derivai, ion of Eydrodyna=ic Torque Curves
(4) Posi-Seal Technical Bulletin No. lA, dated June 1962

, s~
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Due to the design of Posi-Seal butterfly valves with the disc being
,

asymmetrical, flow in tile preferred direction tends to close the valve.
In the nonpreferred direction the disc tends to stay in the open position
until it reaches a valve angle of approximately 75 , then tends to close.

For scme of the pipin6 syste=s investigated, the aerodynamic torque
resulting from a'LOCA is of such a large nagnitude that the torque vill
overcome that of the valve actuator and partially close the valve if the*

flow is in the preferred direction. These torques, with the valves in
.

the nonpreferred direction, are so large that the actuator cadnot overcome
.

then, thus the valve re=ains in the open position. Therefore, if the
,.

subject containnent isolation valves are to properly perform their function,

,

it is imperative that they be placed in the pr5ferred direction such th'at'

.

they vill go to the shut position in the event of a LOCA. The preferred
direction is shown below.

.

.

-
.

FiCure 1*

( RetaininE Ring --

'
' y.

| -< Flov
.

.

'
i

.
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For all 36" valves, it is recon = ended that the body / bracket bolts
be changed to A354 Gr BD, since in the event of a ec=bined LOCA and

seismic accident the present A193 Gr 37 bolts vill be over stressed.
Recon =endation concerning the orientation of valves IVQOO3 and

IVQOO4B are given on Pages 53, 54 and 55
'

.

As can be seen in the results on Pages 6 and 7, the aerodyna ic'

torques do not exceed the maximum allowable design torques of the
actuators, nor do the loads imposed by a LOCA and a seis ic evert
result in excessive stresses except as noted above.

.

Shown on the following pages is a scena-lo of whct vill happen'

to each valve in event of a LOCA.
.
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IDCA SCENARIO. .

CASE 1 & 1A 24" Valves 1VQ001A & IVQ0013-

.

CASE 3, ?A

24" Valve IVQ002 and 36" Valves IVQOOhA & 1VQO0h3& 3B -

.

24" Valve IVQOO2 and 36" Valve IVQ003CASE 5 & SA -

i

CASE 6 & 6A 36" Valves 1VIOO1A & IVR001B Valve-

.

Preferred Direction.

The aerodyna=ic torques are of such large =agnitudes
that they vill overco=e the pneumatic torques of the

*

actuators and partially close the valves. Upon .

cetuation, the valves vill fully shut..

pf .

Q\J- Nonpreferred Direction

'

The su==ation of the aerodyna=ic, packing and
bearing torques is greater than the spring closing
torques of the actuators, thus the valves vill
remain in the open position.

'

CASE 2, 2A
& 23 '10" Valve IVQ005 and 36" Valves IVQ00hA & IVQOOkB --

*
,

l
CASE h & hA 10" Valve IVQOO5 and 36" Valve IVQ003-

-
.

Preferred and Nonnreferred Directions

Flov through the 36" valves is not substantial enough-

!

! to cause significant aerodync=ic torques since flow
through the 10" is choked. As a consequence the valvesi

-

( vill re=ain open until the valve is actuated shut, then
they vill fully close.

; v/ (.

-3-
|

._. _
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INTRODUCTION

The objective of this analysis is to show that the subject

containment isolation valves can withstand a Loss of Coolant Accident

(LOCA) as well as a seis=ic event of g magnitude as given in

customer's specification and still maintain operability.

.

.

The escape of contain=ent atmosphere during a LOCA will result

'

in large aerodynamic torques on a valve assenbly if it is in the open

position. This analysis will detemine the effect that aerodynamic ,

torque has on the valve assembly and its operation.

cf
= -

.

The seismic aspect of the analysis vill consist of determining

the natural frequencies and stresses of the valve assembly in

accordance with references noted, assu=ing the basic valve body to

be rigid and the actuator to act as a lu= ped mass concentrated at its

C.G. and rigidly connected to the valve bracket through the bracket

bolting. The purpose of the frequency calculations is to show that
'

all valve assembly natural frequencies are greater than 33 HZ and

therefore, static ctress analysis of the valve is applicable. Where

resonances occu- below 33 HZ, valve and/or bracket are modified in

order to drive the fundamental natural frequency above 33 HZ.

.

c

.

h- .
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Those critical sections of the valve esseioly such as the bolting,*

neck, stem and pin are analyzed assuming a g static load (magnitude per

custc=er specification) applied at either actuator or dise C.G. , in

each of the orthogonal directions simultaneously. Seismic stresses-

are combined with operating stresses as well as the stresses due to

the IDCA aerodynamic torque.

S ction modulus of the . valve body and deflection of the actuator9

relative to the valve due to seismic leading are also analyzed.*

*

.

All equations are either straight forward or from reference (a) *

unless otherwise noted.{, '

-- .
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! RESULTS
:

.

Tabulation of Maximum Aerodynamic Torques and Closing k'ines
~

Valve Matryx Max. Aerodynamic Design Torque Closing Times (Sec.) -
,

Case Size Actuator Model Torque (in.lbs) of Actuator (in.lbs) Normal Preferred Nonpreferred

1 2h" 33082-SR80 47,825 57,955 1.3 07*
-

i
la 2h" 33082-sR80 h6,611 57,955 1.3 07 -

.

2 36" 45102-sn80 2,769 166,660 3.2 3.6 3.9

2R 10" 26062-sn80 '2,048 - 25,h13 0.6 0.55 0.7

2B 36" 45102-sn80 2,764 166,660 3.2 3.6 3.9
'

3 36" 45102-SR80 88,675 166,660 3.2 2.h - ,

3A 2h" 33082-sR80 48,376 57,955 1.3 0.7 -

3B 36" h5102-sR80 8h,344 . 166,660 3.2 2.h -

h 36" 45102-sn80 2,768 166,660 3.2 3.6 3.9

ha lo" 26062-sn80 2,048 25,413 0.6 0 55 07

5 36" h5102-sR80 88,675 166,660 3.2 2.h -

SA 24" 33082-Sn80 48,376 57,955 1.3 0.7 -

6 36" h5102-sR80 122,133 166,660 3.2 1.8 -

6A 36" 45102-sn80 122,090 16'6,660 3.2 1.8 -
.

-6-
.

.
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SEISMIC AND'IDCA STRESSES (psi) *

. .

.

Actuator Bracket Bracket Valve Sten Disey ,

Bolt Bolt Neck Pin

Size Actuator Cale. Allow. Calc. Allow. Calc. Allow. Calc. Allow. Cale. Allow. Calc. Allow.
.

36" h5102-SR80 15013 bl250 h8900 49500* 5685 22605 6120 28875 32013 59730 30391 35838

2h" 33082-SR80 21987 41250 35065 h1250 6181 22605 6625 28875 33030 59730 29836 35838

10" 26062-SR80 18305 41250 332ho 41250 4713 22605 5667 28875 7988 59730 13653 35838

1

-|

* This allowable is' based on a bolt material of A354 Gr BD which is different than bolt material
provided with the valve assemblies, A193 Gr BT. The allowable stress of A193 Gr BT is
bl250 psi.

.

NOTE: The al3cvable stresses are based on 1.65 times the allowables given'in Section III of the
ASME Boiler and Pressure Vessel Code.

.
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_ CONCLUSIONS

.

Based on ,the resulting stresses not exceeding allevable, if the
bolt material for the 36" valve body / bracket ' bolt is changed to
'A35h Gr ED Posi-Seal concludes that the subject vr.lves will perform,

properly during a combined LOCA and seismic evsnt, provided they are-

installed with the flow resulting from a LCCA goind in the preferred
dire'ction, and orientated as recc:::= ended.

. It should be noted that the angular velocities of the subject
valves shutting are sufficiently slow as to not cause over stressing
when the actuator's scotch yoke impacts against its stops. This .

conclusion is based on Posi-Seal's experience with bigger valves

Q( closing in a shorter period of time (e.g., h2"'vith Matryx *

,

k5211-SR80 closing in 0.8 seconis).

-
.
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IOCA ANALYSIS

The purpose of this analysis is to dete=ine what effects the aero-
dynamic torque resulting from a LOCA vill have on a telve assembly. Since

aerodynamic torque is dependent upon the flow conditions and the valve
angle computer programs are developed which:< ,

1. Models the piping system .

2. Petermines the flow of various valve angles

3 Simulates the actuator as it strokes the valve from-

fully open to fully close
*

.

,

.

.*
Modeling the Pipirg Systen

Forthesubjectordertherearesixpipinksyste=swhicharetobe
'

investigated. They are: -

,

.

Case 1 24" Valves IVQ001A&B

Case 2 10" Valve IVQ005 and 36" Valves IVQOOhA&B-

Case 3 24" Valve IVQ002 and 36" Valves IVQOOhA&B
'

Case h 10" Valve lVQ005 and 36" Valve IVQ003
.

Case 5 24" Valve 1VQ002 and 36" Valve IVQ003-

Case 6 36" Valve IVR001A&3

Shown in Appendix A are sche:stics of the piping syste=s with each.

system broken down into the inditidual. cesponents with its corresponding
'

resistance factor. These facters are inputted into the computer program

either as a K value, as a length of pipe, a change in pipe dicmeter, or
as a valve C . The K values are obtained from Ecference ( b ), the C

y y
values from Posi-Seal Technical Eulletin No. 2, Encl. ( 2.).

Q
.

.3_
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Thus, with the piping system modeled, and with the upstrea= and

downstream conditions known, the flow conditions can be determined.

Determination of Flow Conditions
. .

Derivation of equations
. . .

,

Bernoulli's Equation .

2=Z2+1 P2*Y2Zy+144Py+V1 +h

P1 ', 2g p2 2g*

~

- Since the flow investigated vill either be steam or air the height terms

(Z , Z ) can be ignored.y 2
.

144 P +V =
"

1M P + Yy y 2 2
(,,.

, .

P 2g p 2g .y 2

.

where P Pressure PSIG=

3Density lb/ftp =.

Velocity ft/seeV =
2Gravitational constant = 32.2 ft/secg =

Head Ioss
'

=

Since the piping systems are relatively short the flow is assumed to be

adiabatic.

[ P,' 2\ 1/q per Ref. (b)P " P12
- 1

.

\g.

.

f P ' \ E -1T " T2 l 2 l

(P ') by
.

.

-

_ lo - .

.
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C where K Ratic of specific heats=y

P' = Pressure PSIA
.

T . = Absolute temperature *R

.

.

Flov equations
In pipe '

' 269h.3 P VDQ =

T *

. where- Q = Flov SCFH
2D = Diameter in*

.

. .

In valve *

t

1360 C P Yg X per Encl. ( 2 )Q
* =. y y

1 GTZ-
.

Oc':, vaere cv = ve1ve coefficie=t
~

X = AP/P .

,

AP = Pressure drop across valve PSI .

Y=1- X

Kb
F = Ratio of specific heat factors'

K
X = Rated ' ressure drop ratio factor -p

T
'

G = Specific gravity.

-

Z = Compressibi11ty factor3

For choke fic'i in valve *

,

Q y 907 1 C P' IF X Per Encl. (' 2 )y y g T

GTZ
f

AP choked = F Pg y

.

*

. - 11 -
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.

Sonic Velocity Equation

~

i

4637 K P per Ref. (b)V =
3 y

P

'

Determination of the ficv conditions vill be perfomed as follows:

1. Calculate density at the end condition

8(P
- -

P N+1 N+1 py ,

=
.

P'y -
*

.

2. Calculate initial velocity ba. sed on beginning and end conditions.

V(1) 21b288g= P ~

N+1.

P/P\ N+1 1

1-fD \ -Ky .

k N+1)

(]3,
- '

K(1) + K(2) + ... + K(N+1)where K =
.

'

3. Using the initial velocity V(1), calculate AP for all the stations
as shown belov

For I 1 to N=

p(I)=p

p(I+1) = p
~

;

V(I+1) = D(I)2 V(I) p(I) D(I+1)2 p(1,y)-

P(I) = P(I) - 14.7
P(I+1) = p(I+1) P(I) + V(I)2 (1 _ g(1) ,y(7,y)2

p(I) 9274 9274
~

-

! P(I) = P(I) + 14.7 P(I+1) = P(I+1) + 14.7
'p(I+1)=p(I)[P(I+1)\1/Yg ,

( P(I) J
p(I+1) - p| > .0005 then p = p .0005If

l end recalculate P(I+1)
|

'

Note: This is done cince p(I+1) is a function of

('- P(I+1) and vice versa.! M
T(I+1) = T(I) . {P(I+1) (K _1)/g

1 1
- P(l)

t

- 12 -
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For determining the AP across the valves, the equation for Q -

given on the preceding page is used. Solving for AP from this

equation results in a cubic equation with the c=allest root
being equal to the actual drop across the valve..

.

. ith the final pressure P(N+1) calculated, this pressure is co= pared4. W.

to the final presskire Given. For this particular study the final
pressure is atmospheric.

i

If the calculate pressure is less than the given final pressure
then the initial velocity is decreased and Step 3 is repeated. The

init,ial velocity is increased if the calculated final pressure is
greater than the given final pressure.

.

5 Steps 3 and 4 are repeated until the calculated final pressure -

approximately equals the given final pressure. .

.

6. If sonic velocity is encountered at any of-the ' stations the initial
velocity is decreased until Step 5 is achieved or until the calculated
sonic velocity approximately equals the actual sonic velocity.

If the latter is the case then the given final pressure is assumed

and the pressures at the stations between the outlet and the
station at which sonic flow occurs are determined by using the

equation given in Step 3 in reverse order and using the flow, Q, .

based on the sonic veloci.ty..

7 If choke flow is encountered in any of the valves then the same

approach is taken as given in Step 6.
*

,

8. To de'termine the flow conditions for the various valve angles,
the C of the valve closing is determined for the angle ofy
interest and Steps 1 thru 7 are repeated.

The above is formulated into the cc:nputer progrn= "FLOWGAS."

h .

,

'

- 13 -
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m
U Simulation of the Actuator Strokine the Valve Close

C .

In order to simulate the closing of the valve, an equation which

describes the torques acting on the valve stem has to be defined. This
,

'

equation is given below:

TI'O = Tfygy + Tair + Tspring + Tpacking and seal + inertia + T be ri'ns
The net terque tending to open the valve (equalsWhere T =g
zero when the valve starts to close).

Tfyny = The torque due to aerodynamic ficv caused by
the LOCA.

.

T = The torque exert by the actur. tor as a result of
air.

the air acting on the actuator piston tending to
'

open the valve. .

.

Tspring = The torque exerted by the actuator spring tending..
to close the valve.

m .

Tpacking & seal = Torque of the packing and the seal resisting
the closing motion of the valve. The seal torque does

not take affect until the disc begins 'to seal which

occurs at approximately 3 frem fully closed. The

running torque of the packing is approximately .6
times the break away torque.

,

.
T = Torque due to the inertia of the disc assembly.
inertia

bearing = Torque due to the AP acting across the valve whichT

forces the stem / disc assembly into the bearings.

.

,

'O

_
- 114-
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Derivation of Torque Ecuations

-
.

Aerodynamic Torque (Tfgy)

Since Posi-Seal has only determined hydrodynanic torques for water

based on testing, see Encl. ( 3 ), a way to determining aerodynamic
torques for air and steam from those for water has to be derived.

*The resultant drag and lift forces acting on the disc are as-

.

*

follows:.

2F = C pV A Resultant Drag Force
D p,

2
2= C pV A Resultant Lift ForceFL 3 2.

.

The resultant torque is 'the resultant force times the length from p of
_

s, tem to the location of the resultant force.

L pV A Resultant Drag Torque,?, TD=Cp p
-

,

T =C L pV A Resultant Lift Torque
,L 3 g

2

D ,L " D,L b ,L P ^
2

.

.

VelocityWhere V =

A = Surface Area

Density of Fluidp =

'

Drag and Lift Coefficients (Dependent upon shape andC,C =
D 3

orientation of disc)
Length g stem to resultant lift and drag forces

] L'L =
D L

D',L Combined Subscript=

.

v

~

15 .
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.

O and g nr.e the scme for the same size and class valve,s NOTE: Cp

asstuning the sa:e angular position, regardless of fluid, flow,
*

media or temperature.

.

* p fluid V fluidT fluid
"" '# y,,

2, p water V vater

2
YThu FT37 pp= ,

262.4 Vy

Where W = Water .

F= Fluid.

362.4 lbs/ftp water =-

Calculated in the deter =ination of the flovV =
F ,

conditions..

n,- .
,

%(J V = .00223 3 = .00223 Cy gy
A 7 ,

.

Disc Hydrodynamic Torque per PSI AP (function ofT =gy
valve angle)
Disc Aerodynamic Torque per PSI APT =

4F
.

.

The total aerodynemic torque equals.

T = T APy gy

. .

.

Values for C and Tgy can te found in Enclosures ( 2 ) and ( h )y

respectively for various valve angles.

.

- 16 -
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Pneur.atic Torque (Tair)
'

( . ,

.
-

Tair = A R P1
C2

Where A = Area of piston

running . T=T running " 6 #E"'
, ,

R actuator-

'

' P = Working Pressure of Actuator
,

'

.R = Radius of ' Scotch yoke (See Figuid'3).

P1 = Pressure of the air in the piston cylinder _

, ,
,

'

= P1 ( V- AV) P1 m Previous pressure

V = Specific Volume..
.

AV = Change.in Volu=e . ,
. ,

-= dt * Q dt = Change in Tine

3600-

c. Q = Flow thru solenoid valve or quick exhaust
- .

P1 1.25 (F )2
-

= 963 C , 733 3y
- ,

,

'

GT
..

C,=C of scienoid valve or quick exhaust
'

.. y y

F33 = Rated liquid pressure recovery factor of a
solenoid valve or quick exhaust = .9

G = Specific Gravity of Air = 1

T = Tenperature * Rankine = Assune equals 530'

\
-

| Q = 33.62 C P1y

C2 = Equation describing the adycntage of the Scotch yoke'

as a function of angle..

.

4

0
. .-

- 17 -
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'
s.

YE' f "1V' 8t** f Spring'
.

V /
'

B t
t

L !

' -
: ,Air Supply

[ |

.

N. .

> <9 s& E::haust e
-

.
.

Fiston Scotch Yoke
.

Figure 2
- .

Forces acting on Sco'tch Yoke Fin
,,

I '

V -

[IB o'

H
, r

O
,

~
-- .

Fg. . -

. .

.

'

Figure 3
.

de

Su=ning forces in the horizontal direction

FH - cos 6 FR- [ sin 9FR=0
.

,

(cos9+psin0)FR=FH

FR = Resultant Force .

Fg = Horizontal Force
I

*

E =F B = Bes t ant To nueTg=Fy g
cos &

,

T T3= '

.-
cos 6 (cos & t g sin 9) -

M ' C2 = cos 0 (cos e + p sin 6)
%)

- 18 -
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Spring Torque (Tsering) '

spring = Figure k

,

-
. .

1.klk R 0 e' '

0 = 45*
'

R bX = 2B*
-

{
-

..

*FE B ,.

'

AX. e ,-

.

' - K = Springrate

= AF = Tstrine beginning - Tstrine encing ..g
1.414 (1.414)R AX,

. .
spring beginning breakavref. - Tspring ending.

T =T '

.

K = "*bre @ avav -2Tstring ending
,,,

E '

kR
.

.

X2 = Xy + R (1 + tan 0)
-

,.

: . .

b "istring endine C2 @ 0 = 45
Ka

I = .571 Tsprine endingl
KR

,

. .
'

I X2 = .571 Tsprine ending + R (1 + tan 0)
,

F3'

.
.

e

_ Bearing Toreue (oben-ine)

! 2"

bearing = F # P D d where /' = Coefficient of friction
-

O = .059 fer trenze bearings

h'- D = Disc gage dianeter

!

|

- d = Sten dianeter

| - 19 -
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O
Inertia Torque I<=

( C2-

I = Inertia of Disc
.

A= Angular acceleration

= W
_

dt
,

.

W = Angular velocity
1 ,

= _AB
dt

60 = Change in angle
,

*
old ~ new

-10 = tan y .
,""

B ,

.

X = Xold AX
' q .

i AX = 2R AV .68V
-'{

.68 = Percent of total colune over which the actuator vill

stroke.
:

The torque equations are for=ulated into the conputer program

" FLOW-CL". As p' art of this progra=, the closing times and the angular

velocities of the disc assembly are calculated.-

. .

e o

e

D

i
20 -
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SEISMIC E00ATIONS
"

.

d.
'

A. NATURAL FRE0VENCIES:

, LATERAL - Disc / Stem (By Rayleigh's Method) Ref. (c)

The natural frequency is calculated for the worse case, that
being the valve open where the disc is not supported by the
seat.

-

.

. . (- ,- . - -

f' D
31 1

D
' x 707 D: + 0 ' > v' ,

.

ft 1
,.

'
I t' ----d2 W "

4 k
..

*-
.

.

C= 3.125 1 3: NATURAL FREQUENCY Per Ref. (b)' :
N

1 Y ,

8

W .Y $* *
,-

kI. i /
~

5
.

y
- Y

~ ,

'

3 2 3 2~ - - "- -

W D M D W D W L) ,L2 D -

4 4 4
2 2 2 3 Deflection ofy _ __ _, ..- ._ , , ,

D 3 EI EI 4 6 EI
D D. D D

.

2 2
-

'. W D M D W D W L) ,L2 D
4 4 4

2 2 2 3 Slope at end_. ,

gD, of Disc
_. , , ,_

EI 16 EI2 EI *

D D D D
-

.

-3 -3- - '

W L)- ,L2 4 1 '2N +
4

2 3 3 Deflection of Stemg ,

'b 3 EI 6 E1
S 3

.

.-
O( .

..

-
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2 - 2 33 -

4 y +hD y+ gD Ly+ g L LW -

l+ 2
2 2 +2 +3

. + +
.=

E 48 I 16 I 16 I 4I 6I

[]t D D D D g
.___

3 2 2 3"'-

D D L
gy+h g+g p+2W D

4
_

_,
. + + +

y, ,

E 48 % 8% 45 SI s _.
. ...

-
..

N'41 Mcnent of Inertia of Sten ( in 4)I 5-S=
64 *

.
.

.

2 4 2 2_

707 DE - .707 DE ~E Y' TT E ff E Y _?,"

+ 1 + 1 _2 _ Mrent of2 + 2 2 -

.,
'D 12 ,_ 2 64 4 Inertia of Dit_

4(In)-

2 2
3535 DE + .7854 E y

2 1 2 Distanct to Neutral Axis (in): .-
,

. 2
.707 DE + .7854 E

!,, 2 1 - -

~;. . .

1FERE: W = DISC WEIG?T (LBS.)
*

4
D '

j 1 = STEM DIA. (IN.)
D = DISC GAGE DIA. (IN.)*

y = mwnVE BRG. LENGIH (D7.) See Page h6' for egaation
'

L

L TdRUST IGSEER TdICKSESS (IN.) .

2
E = WIIrni SmLL DIA. FICT OF DISC (IN.)

E = WIDI I I .RGE DIA. OF DISC (7N.)
2

Y2 = DIST. ( STDi T FPJ7T EACE OF DISC (Hi.)
.

.

e'

.

O

CL
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VAINE NECK AND FLANGE DIENSIONS
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ACTUATOR MOUNTING BRACKET DIMENSIONS
*

. .
,

e

.

S

' -

'

O _ T '

5
.

O

di

.

4

T0
v : X 4

.

ise

%._a

1'.

; . .

+ +T-

9
'

4
- / T2

1
>

f

I
'O ,

1

|

..

,
Figure 7 '-

i
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(*' ) LONGITUDINAL (Z)' NATURAL FREQUENCY, , ,

c, .

.

.

DETERMINAh10N OF LONGITUDINAL SPRINGRATE
.

Springrate of the Neck

.

Springrate of the neck due to the shear in the Z ' direction
..

'

F.,..

Y
~ F~

z a
,

'

1 +| , Y , | h_ Y=

. 1
, e

j F.; %. . ,

ww m'~
,r x-

'

/ .

wm wm

'

_

.
- .

' . . F - gg3

= 2
Yp=F 1" Y3=M13 2 cl

3 F,I x ,..

X
i

'

2
GF=F 1 pM,gy'

z
" #x2 El..s.

* 2 '

Y=F 1'+M1Y=Yp+Yg .

2 r,2
_

3 c.,A x
,~., .

x

G=F12+M1'ef'

\, O " Gy+ 0 ,h =0px- -

2 EI
.

x
M=-F 1

a

2

, ,. 26 -
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ns LONGITUDINAL SPRINGRATE OF NECK
V,

*
. .

3 3 3Y=F 1 p 1 y,p 13 z z_

T2 EI
'

, 3 EI 4 EI -

x x x
. . - *

K=Fz 12,EI .x, --

Y ,3.
-

..

.
"

Circular Cross Section Rectangular Cross Section,

3.I . .y_ (D 5) Ix 3 Ta _ y 35T= =-

x o "* 64 la

'

With Gussets-

o
'I =Ix + (L - D )T"x O ,,

-

12 *

.

c -

(' For the Neck 1=X
.

'

5
,

ENF, = 12 EI '

x .,

~

3..

5.

-

.

Springrate of the neck due to the moment about the x - axis

,

F -Y T ~~,-

/. ~,.^

c
-

-

\r .

X
6

,3.,

i-

8 -s xy
, ,

g' 6) ,f X Y ;;s3
,

/ x
5

Q /'? 4-,-

mw~>- //
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LONGITUDINAL SPRINGRATE OF NECK
m
V

( YT"XS+OS(3+X) Y3=Yp+Y34

G3=Op+GM

Y
.

p=F X X 2'

3 5 M=MX gm p** IX3+X)c 4~3 E1x 2 El.

x.

.

Eg=F (X3 + Xa) X5
2 EI

x,

F (X +X ) = F (X3+X)X5Gp =,, F X O
3 4 3 43 5

2 E1 2 EI,,, x

G =MX5=F (X3 + Xy) X5 'g ,

EI EI ,x x
.

3+X)"F CX3+X) 5
- -G (X

, M 4 z 4

'~ ( EI
'

x

3
~

+ 3(X3 + X )25+3(X3+X)X5 7YT=F X '

4 a 53
3 EIx,_

.

K=F
3

v .

T
.

.

3 EI-Kgg* =
+ 3CX3+X) 5

X T 3CX3 + X )X5 45 4
.

.

K *X K
-

N -NF NM
' Z X

K "b XNF NM .x

.

. 4

M

-

' . 28 _
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LONGITUDINAL SPRINGRATE OF BRACET

Springrate of Bracket
-

( .

Sprin5 rate due to twisting of the bottom plates of bracket
per Seely and Smith, Page 271, Ref. (d).

.

1-

g, 1 T where B = .333 = 3 for b >> h'~ ~

.

B b Y13, U~

G = Shear. Modulus--

.

Looking at one side of bracket .

.

.

- Assume the width of the bracket
that resists the twist of the
plat'5 is the average of the j
valve neck width and distance*

- X
, between bolts 3

4
-

,

Q -

/,b = T4 + Xg h
'~

y
4---- N2

:

'"( 'i N ''

.

.

-, _ _

.

.

6G = 12X10 h=T T=4=F %-Ty + Xp
,

y
2.

- - ,- .

f= 3 F., (X4-T1+X) -

F., (X4-T1 + X,)3 3..

3 6 6( 4+Xg) T1 _ 2 (12 X 10 ) (T4 + Xg) 4 X 10_
,

0=fd where d is assumed'to be = T5 - 2Tg - (T3+X)
,

. ..
7

'

2
.

D 2
-

.

k' (T4 + Xg) 8 X 10 76 3'

1
.

- 29 -
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LONGITUDINAL SPRINGRATE OF BRACKET

.

Y = 0 (X4-Ty+X) Tan G = G for small angles
. 3

Y=F (X4-Ty+X) C 5 - 2Tg - (T3+X73 3.

2-

6 3 -
(T4 + x8) 8 X 10 T ,y

,

'

3 6'
(T4 + Xg)' , T 8 X 10E =

BBM*
y.

2 (x4-T1+XI (T5 - 2Tg.- (T3+XM3 7,

2 7.

"

The total springrate for the bottom of the bracket is
,

63 16 X 10K = (T4 + Xg) T1BBM .

X

(X4-T1+X) (T5 - 2Tg - (T3+X7 .

3 ,

((
- .

~

for a valve with a fla'nged neck b = B +'Xg
2 -.

, ('lB + x8) T 3' 32 X 106
-'

1g
BBM. x

(X4-Ty + X )2 (Tg - 2Tg-( +X
~

3 7

'

.

Springrate due to the twisting of the top plate of the-

bracket

b=X DBC of Actuator6
-

<

.
.,

6T 32 X 10KBTM ". X6 o ,

X
X ( 5 - 2Tg-X)3 6

n
k,.(

'

'30 -
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LONGITUDINAL SPRINGRATE OF BRACKET

O,
.

t

E "E E
BM BBM BTMx x 7

E +EBBM BTMx x
.

Springrate of the bracket due to the, shear in the Z direction
. Per Fage 27 - KShear = 12 EIx.

* -

. 3 .

3
-

.

3Ix .= (2) Tg pTK
BF* = 12 EI

-

x
X4-Ty-TO*

'

3 -

TKBF,, = 12 E Tg 2
,

6 (X -T -T ) ~

q y O

n(-
-. .

g ; .

6
K = 60 X 10 T T '

BF g 2 /
'

-

z
(Xq-Ty-T)O I

.

Springrate of the bracket due to the bending of the side plates

(X3+T)
-

'

YT"YS+OS g,

G *OF+OMY3=Yp+Yg s

Yp=F (Xa - TO - T )3
-

z 1
3 EI gx ,

Y s. l,

3- _

E3+ToO
~*

Yg = M '(Xa - TO - 7 )21 g _,,

~Z2 EI X <

x *

.

M = F,. (X., + T 4 0-Iln
3 OL( .

-

w

I31 - -
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LONGITUDINAL SPRINGRATE OF BRACKET

-0
( Yg=F (X3 + T') (Xa - To-T)z O 1

'
2 EIx

Op=F (X4-TO - T )23 1
2 EI -

*

. . .

3 + T ) =.F (X+T) (E4-To-T)Op (X O 3 3 O 1
2 EIx ,

O-T)=F (X3+T) (Xa - TO-Tf, M = M(Xa-TO y z O y

El EI-

x
.

3 + T )2 (E4-To-T)3+T)=F (X
'

Og (X 1gO 3 ,

*

El ,

(X -T -T )3 + (X -T -T )2 (x +T ) + (Xa-T -T )(X +T )YT=F a O y y o 1 3 g o 1 3 g
z,

3 EI .EI EI -

3.{ x x x_

0U xK
ggy* = F, = (X -T -T )3 + 3(X -T -T )2(x +T ) + 3(Xa-T -T )(X +T )'

.

y 4 o 1 a o 1 3 O o 1 3 o
,

3
I = (2)T T 3=T Tx g p g 2

12 6

K "E EBS BF BSMg x

EBF ,+ KBSMy ,

K
BM, EE"

BSB
3

'

EBM + EBSx g

EK., = KB N:~ z

B+EN;
1

|
_ 32 -

1
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LONGITUDINAL (Z) NATURAL FREQUENCY

O
-

. .

M=W1+W; 2 ,

366
,

. .

Where W = Weight of Actuator
*

W = Weight of Bracket
2 ,

*

.

.
; -

..

.

fn. =' 1 I~

K,,

H'
2T [ 'z .

.

e

e

9

/'*

. -
.

e
.

6

1 6

i -
..

.

.

$

. 6

4

0

e

! .

*

.

O

G

e

ep

- 33 .

.

.-.---,,mr. .- _ - , _ _ . - , - - ,.--,-,ee..,m,, . - . , . . . - - , _ . . - . - . - , , . - , , , - - - . - - - - - - - , - , , y ,. ,-.. -- -.. - . - , - ~ . --



-

-

.

VERTICAL (Y) NATURAL FREQUENCY

' DETERMINATION OF VERTICAL SPRINGRATE- .

Springrate of Neck

. .

Stretch of Valve ' Neck .

"

E A = tf (D035)K =
NF 7 . T Circular Sectiony

2A=T T Rectangular Sectier.
NF 3 4 tr B5K =

,

y

= A + (L - D ) T'

O.,

.

'

Springrate of Bracket
.

.
-

-
.

,

Sprin5 rate of Bottom Plate.

y,A
- .

-

>
3-Y = F 1 for fixed fixed

'

12EI per PaSe 27*
-

e

P

For one side

l- 1=T5 -2Tg - (T3+X)
~

7
2 .

*

2
,

| . ..

% 9.

3
I =T T ,

__ z 2 1

.12
.

4

.

.

3h --

2
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VERTICAL SPRINGRATE OF BRACKET

O(
-

K 6 3BF = 12 EI = 12 (30x10 ) T Ty z p 1

12 (T -2 T -(T +X h
31

5 g 3 7
2-

'

2
.

3 2.4 1 108
-

K =T TBBF 2 1

(T5 - 2Tg - (T3+X))3 ,

'

7
2.

.

~~For Both Sides For Flanged Neck
3 L8 x d8 T T3 4.8 X 10 2 yK =T TBBF 2 y

(T -2 T - (T3+X) 5 - 2Tg-(gtXy3
-

3 7
5 g 7 ,

i 2 .-
.

- Sprin5 rate of Top Plate ? -

,

0
K =T T .8 X 10

'
~

i BTF 2 O .

'

I y
| (T5 - 2Tg-X)

'

6
| .

Springrate of Side Plates
~

.

.

A=2T TK = AE 1=X4-TO-T1 2 g3p
y T

.. .

6
T 60 X iO .

KBSF. = Tp g
Y Xq-TO-T1 .

.

.O

C. .

1
1 - .

- 35 -
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b( VERTICAL NATURAL FREQUENCY
-

.

.

.

I
.

K "E E K
B BBF BTF BSFy , y y y,

B S?y + A
EAA ABTF + ABBF BTF BSFBBF y yy y y

-

.

.

E ' "E Ey NF B-

y y ,

E +A~

NF B.

_ y y
*

.

e

1 K- fn =

7 Tii l H
, y2 z

-

.k(
~

-

...

%e

e

e

9

e

.

m

4

4

4

e

O
.
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TRANSVERSE (X) NATURAL FREQUENCY

O
C-

.

DETERMINATION OF TRANSVERSE SPRINGRATE

Springrate of Neck-

.

.

.
.

Springrate of the neck due to the' shsar in the X direction

.

(D '4 -B5) circular.K 12 EI I =T=
0yp g g

x T4,

M3 -1T B Rectangular- 5 I =T Tz a 3 g 5
12.

3 + T(L-D )3 + 2(L - D )T(L + D )
'

- I =I O O Og
6 4*

.

with Gb5 set

(' ~ s
.-

.~.'(. .

Springrate of the neck due to the moment about the Z - Axis
,

3 EIK g

NM* =
+ 3 (X3+X) *5X + 3 (X3+X)X5

'

45 4.

*

.

.

.K =K X '- p NF NM
X X Z

A +ENF NMx
.. .

I
-

.

e

4

.

..

O
.

- 37 -

.



,

.

-
.

TRANSVERSE SPRINGRAT.E OF BRACKET

O
.

SPRINGRATE OF BRACKET{
-

.

Springrate due to the moment about the Z - axis acting on-

the bottom plate at the bracket

. .

. .

p (X -T fX )Y=O
4 y 3

F - .F = M = F (X -T +X )2 x 4 y 3,

o T -T-

p 5 g-
,

.

x (X -T +X )F=F-

4 y 3
T -T

.
. 5 9

F '

. .

M., ,

f ''

.- ,
,

.m p . _ .

~

D'- Op=F12=F lT5 - 2Tg - (T3 + X )) /2 [ ,

'

2 El - 7 _ ,

2 EI
Z -

Op=Fx (X4-T1+X) T5 - 2Tg - (T3+Xh3 7
2EI (T5-T)g g

Y=Fx (X4-Ty+X) Ii5 - 2T9 - (T3+X3
-

3 7
8 EI (T5-T)g g

8 EI (T - T ) 3
| K .z 5 g y ,7 T

BBM* = z 1 2

(X ~- Ty+X) I 5.- 2Tg - (T3 + ~X g 12-

4 3 7
,

-

*

.

.

|
|

|
4

ss(
1

~

_ 38 _
1
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.

TRANSVERSE SPRINGRATE OF BRACKET
- '(~ .

<
620 X 10 T T 3 (T5 T) ~

2 y 3
E "
BBM (X4-Ty+X) (T5 - 2Tg - (T3+EUg 3 7

2

*

- .
*

For a va'1ve with a flanged neck
,

6
'- K = 20 X 10 T T (TBBM 2 5- 9)z

(T -2T -(g + X )
2.

(X -T +X )2--

4 y 3 5 g 7

.

.

Springrate due to the moment about the Z - axis acting on''
,

the top plate of the bracket
.

6 '

K = 20 X 10 T T (T5-T)BTM p O g,

{,( X (T -2Tg-X) -
'

'

3 5 6 .

..

'

.. ,
,

E "E KBli BBM BTM
_g g 3.

~

KBBM +EBTM.

g g

.

'Springrate of the bracket due to the shear in the X - direction
!

3 *

TK "E exespt I =T
BF BF g g 2 .,

x 2 6
i

.

3 *

60 X 10 T TK =
BF p g

X

(X4-T1-T)O ,

6
- 39 -
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TRANSVkRSE SPRINGRATE OF BRACKET

O. -

.

Springrate of the bracket due to the bending of the side
plates.

. -

. .,

3
T2 (T5 - T )2EB$M except I E T T2 + 2TgK "

BSM z g gz x
6 2.

.

'g 3 EI z
BSM* ,.

(X -T -T )43R -T -T )2(7 +T )+ 3(Xa-T -T )(X +T )24 O 1 a o 1 3 O o 1 3 g

..

E "E EBS BF BSMx g ,

,

KBF + EBSM '

x g
.

,,( - .

.|
'~ ~

K "E EB BM BS - -

x g x ,

EBM + EBS
'

g x

.

K =K E '

y B N, .x

KB+EN
*

,.
y 7

.
.

fn* = 1 K-
.

WC j Hz

.

.

.

'

o

- 1;o -

. _ _ - - - _ . . . ._. . ,_ _ _. __ . - - . .
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1. ACTUATOR / BRACKET BOLTING.
.

OPERATING STRESSES -
'

1.414T-

= WHERE: T= VALVE TCRQUE (Packing +Bearii16 + Aerodynamic) (in I.35).
.

S
SOX NAX

1 6 N.= NO. OF ACTUATOR 50LTS1 '2
A = TENSILE STRESS AREA OF ACTUATOR BOLTS (IN )1S =S

soZ sox X=D CF ACTUATOR BOLTS (IN.)6 BC

SEISMIC STRESSES - G = Transverse Scismic Acceleration
,

A. VERTICAL DIRECTION (Fy) G = Vertical Seismic Acceleratics
G = Longitudinal Seistic Acceleration. 3,

Fy= W[ * G M "' " = A tuator Weight2 Z '1 X 2 l

,
.

,
'W Bracket Weight-

2
4- -

- F '= (1 + COS 'fP') "X MAXII.u! E LT LOAD (LBS.)
X 3X N N

61 1
,, Per Ref (e)

,
, ,

' *

(1 + CoS * ::)
- ,,

*

F= 4 M
Z N Z

61
-

,,_

.

F= Fy +F +F (LSS) TOTAL TENSILE LOAD ON BOLTT X Z
N .y ..

.

.

8 '

',[ ' ,( Ty" T (PSI) TENSILE STRESS ,

- A
,

-

y

~B . TRANSVERSE DIRECTION (F ) .
*

.

,

"1 'U"

1 X2 H=FXX g 3.

.

Sg 1.414Tv '+ Fx (PSI) SHEAR STRESS
NAX NAyy6 ll -

4 (1 + C E) M MAXIMUM DOLT LOAD (L3S.)F =
RZ "1 '

3X N
61.

,
t . .

8
TZ RZ (PSI) TENSILE STRESS

A
l

.

.

C. LONOITUDINAL DIFICTION (F ) --

,

; . . .

F= W * G F=F1 M P Xz 1 3 g 3
'

3 1.414Ty + F -

Z
SSZ = N A X,

~ t, 116 NA, yy
.. .

i

| F 4 (1 + C ) M MAXIMUM BO!.T ICAD (LDS.)=
s- RX OS N Xy

3X N61 _..
-

F
RX (PSI) TENSILE STFISSS =

TX .g_
_ _ _ . _ _ , _ _ _ _ _ _ _ _ __ __ __ _ _ , _



....s~~....

ssz)2/ (s ssx}2 + (s +sSS - sozsox + !SS

g , g 2,g 2 (PSI) TENSILE2
TS Ty TZ TX

D
MAXIMUM STP.ESS: MAX . b'at-SS THEORY

*

TS TS 2
g,2 ,,, 7. ,, SS

g
T

2. BRACKET
.

OPERATING STRESSES '

S=g F=T/T "" !.

5- 4 5 -

%- - - ,
,I=TT, c= T 'X

g2 2 4

h~ ~

, 12 2 I
*

-
.

> b
'

S=6X T
B 4 . TENSILE (PSI) I .

-

T *s5 -
I-

.5 s ' 2 -

; 1
~

.
.

J.~

!' S =2 .T= T T
3 2^

. 4 { T^

*
3 < 2

S= T SHEAR (PSI)
T T T I,. g 2 5 .p,.

SEISMIC STRESSES -a
.

.( A. VERTICAL DIRECTION (Py) F,

Fy= (W + . 5W ) G M"
2 2 Z l X 2 . .

'

S = Fy + Z5+ X2 TENSILE (PSI) **

2T T 2J 2J
2 3 2

_
,

-

3-' 3~.~

'

2 3 g2 ( 5/2 9/2J =2 92 J=2 29 + TT ~

_12 ,12 -
.

B. TRANSVERSE DIRECTION (F )'

.

y_ ( X +X)F= (W + . 5W ) G Ty=F X M F
42 1 2 Z

~
.

Ty +F- SIE7a (PSI)S =
SX X

9 2 5 TTg2
+

TZ" 4 Z 5 TENSILE (PSI)
' TTT2 gg

S92 3

C. LONGITUDINAL DIRECTION (F )

F=N-t .W ) G W=F Xg l 2 3 Z1 g , ,Z ,
X

J
SZ" + F,, SFE7a (PSI),,

1 '2'S "

.T9 T2
6X Ty + MTS =

TX 4 2
2

- - - - b .h [? . f3. _ _ ~ h2 _~ _ . _ _



ROOT SUM SQUARE STRESSED *

2
S + S +S SHEAR (PSI)S =

SS S g3 S
,
'

S + S 2 LS =

TS Ty TZ +S S |g + B MSM (PSI)

('
'

MAXIMUM STFISS: MAX. INS THEORY

+ +
S, SS |

2. ._

3. ERACKET/ VALVE BOLTING
*

OPERATING STPISSES -
2X T -

bsoz " 7 -SOX " N, ., Xg
NgX2g

"WHERE" T= VALVE TORQUE (IN-LBS)
.

H= NO. OF BRACKET BOLTS = 4 ' X
2 7

_ _ , _,

A= TENSILE STRESS AREA OF BOLTS (IN.) Os2-

..

#;. 9= X +X
97 8

X
~ XEQUIVALDIT BOLT DIA. (IN.)

* g
,

=

SEISMIC STRESSES - p o

A. VERTICAL DIFICTION (Fy) V

Fy= (My + W } * OI "Z-FyX M=M2 y x 2 z ,

..

TOTALTENSILELbADONF "X F = Z F=' . k. F FRX -

2' RZ
2X 2X N BOLT (LES.) -

8 7 2
*'

Ty= T TENSILE (PSI)
A

2.

*

B. TRANSVERSE DIRECTION (F )

F= (W +W) *G Ty= F X M F (Xy 2 y X2 Z 3 4 .

D+Fg
r X SHEAR (PSI)S

S E "2^2'*h n A
22

P = Z S = RZ TENSILE (PSI) '

RZ
2X A

9 2<..

C. LONGITUDINAL DIRECTION (F ) ,.

F= M +W)4 &FX g|F(X X)Z l 7 3- g3 A

X Z 3 4

7 + F r-c u -

'5 S Z N ,A ,X 2
"

- ,g p n..s g,

F = X S = EX TENSILE (PSI)
2X

~ A
8 2

.

43 -
.
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|

ROOT SUM SQUARE STRESSES: (

ssy.+sy)2(s + (sssz + ssoz)S .
SS

O S,S /S,2+S 2+S 2
-

c Tz TxT .

' MAXIMUM STRESS: MAX.sTEss THEORY

* 'SS" * *'T

4. VALVE NECx - .
.

.
~

OPERATING STRESSES -

S= C SHEAR
J

1

!) - 8( 2 + R6) ( !)!!) ( 2J= 8( 2*

! !
3(R5/2 + R6) + 33 2 + 1. 8 2 *

!)+ g(D/ ) ( T Di22.. -

'3( 2) + 1.8 2 D r
iT 4

'

OR g
4 4 X'

J= 7 (6 - Di )
3,

32
,

- R6 - IR5

#'( C= T4 DIST. TO MAX. FIBER STRESS-
I*'''I 2 - - - -'

4 + Di2 OR P 3 + Di2 HOOP (PSI) '

P T 2 - D12 d 2 - M2 -

_4 3 -
- ..

SEISMIC STRESSES -

A. VERTICAL DIRECTION (Fy) .
.

Fy= (W + W + "3I*U "z" Y*1 "X" Y*2 "3=
Weight f valve neck (LES)

y 2 2
,

A= (T - 2R ~

3 S 4. g g +g
7+ TENSILE (PSI)

2 OR

A= . W (d 2 - 2) (in )
3.

4 4R)T 3 - ;7 31 OR TV (d,4 - Di )# (T3 ,_2 42 #
12 64 64

'

3
^ ~~

J" 2 2 3
~ ~

3 64 64,

12 12

B. TRANSVERSE DIRECTION (F ) .

+X)F = (W + W + N )*G Ty FX M=F M3+X4 g
2 3 1 Z X

SX r. SHEAR (PSI)
2J A

S "[3 TENSILE (P.GI)
,

2J, ,,
_ . .



.

C. LOMGkTUDINAL DIRECTION (F ) ,

W +W + 3 3 Zl "X -Z 3 '- 4 5'
" +F=

1 2z

(
*

* ' 'S = TyT4 +F SHEAR (PSI) .g
'fl A

S = pat 4 TENSILE (PSI)
* 2J

2
*

ROOT SUM SQUARE STRESSES:
-

,

.

[S 2 +*S +S SN,M '*

S =
g gg g3

S 2+S +- S =
TS TZ TX P

t
-

.

PAXIMUM' STRESS: MAX. STP2SSTHEORY,

b
.. S= TS + T +S 2 s'

..T 5S '
2 2 |

. e: 6- -

,
'

\'

Valve with Gussets y -[-

#
~ s ,

E
e ~J=J + 8 (L/2) (T/2) - 8 (d3/2) (T-/2)' ,

,
,

'( 3 (L/2) +1.8 (T/2) 3(d3/2) + 1.8(T/2).v

C= 'd .

3 .,

,

2 '

J J2+ (L ~ d '2 3
'

12

J=J3+T Y, - d + 2(L~d) T T, + d
3 3 3 3

~

. 2 .J 4

6
- *

A= A+ (L - d )T W= A * X5 * .283
3 3

S Fy + M: L '+ Mx d ,

A 2J
3 ZJ

2
~

SX 3+Fx ST = M: L
'
'

2J A 2J.

1 3

SZ" 3+ _ ST = Mxd 3 .

1 2J

r3U

.

45 -
. - _ . : . . ._. .
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.

*

5 VALVE STE4:

bh OPERATING STFISSES -

(' .
.

Sg= 16T SHEAR (PSI)
' S 3D

1

2F = ] P, = 1T PD 3 APPLIED IDRCE ON DISC (LES.)
A 8

-

.

TE EFFECTIVE BEARING LEiGTH IS DERIVED 'AS FOLLOWS:
-

. .

S =F WHERE A = PROJECTED BEARING AREA
7 I =L D1 = EFFECTIVE BEARDIG LEiGTE TIES THE STE!, y

DIAMETER. .

.

S= F
I hDy.

.

'

SINCE TEE LOAD IS ASSUMED TO BE TRIANGULAR, EALF OF TE YIELD .

*

STRDIGTH (OR 15000 psi) IS USED. -

,

..

'

Fr- s , .

). - 7 _.\ ,

N .

N
S N .

_2 - - ;- -- -s -- -- - , - .
-

2 i N .
.

&|'
n

'

aL .1

I. L1:
. .

THEREFORE, L= F
-

y
'. 15000 D1,

AS CAN SE SEET IN TEE FIGUFI A30VE, IT IS ASSUMED THE FISULTANT
BEARING F2 ACTION OCCURS AT L /3.

'

1 .

2

1+[2 BENDING DUE TO PRESSURE (PSI)
(=D3

hPD
,

J |1.

WHERE L1 + L MUALS LDiGTH OF STE! FROM TE
_3 2 END OF DISC TO THE BFJ3ING FIACTION. .

.

f^\.k ' , ,

h6 _

.

_m _ _ _ . _ n. u . .. - - - - ,..-..m.-. . . .. e m,e ,



.

.

'

SEISMIC STRESSES -

O .I p~ 2*f
-- ~

M= Whg H.L 6* Yh * E
'

+( 2 z,

2 3

~

BENDING (PSI)16 whc p_ + L2Sl= 32M =
b.

TD3 'TrD 3 31 1
.

Gbs "'0b+O1*
*

b .

'

MAXIMUM STRESS: . MAX. STRESS TEMRY
*~g 2-

.

'Sbs +i Sbs + Ss
'

t* 2 _2, .

.

..

.6. VALVE DISC PIN: (No. SEISMIC STRESSES)
.

~

S3 = 2(%/Ico)T ShE R STRESS (PSI)
'

D As .y
*

..
'

.

.

( .- .

'

.L . .
,

.. .

T = Torque due to seal torque and hydro- --

static torque.*

.

.

.

*

.

, . +1-.
f-T V'-^,/

b: L - r ~ c/ d

D, - .~,- .

s
-

.0

98-

-- 1 !' ||.

is I; j'
.

|I

CT U |j

V, %/y - -
,

f,*cf 7, , S o
I

.

- h7 -
I
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~
. .

2
As= .7854 cdp SHEAR AREA (IN )

,

a= .01745 D G ARC. LENGTH (m.)y

~1(f) -e= sm
( -

1
2

1= dp(5) -

2 4
.

C. ,VMNE AND PIPING SECTION MODULUS:
3

4) SECTION MODULUS OF VALVE (IN )
4

Ev= g (d -R. y 732d
1 .

.

29= 'W (R ^4 4 3
~R SE C ION MOD M S OF M AC M P1PE G (m )g 9.

32 Pa *

Zv > 1.12p*
.

'

WHERE: d = VALVE BODY O.D. (IN.)
. .

1
.

R = VALVE BODY WATERWAY DIA. (IN.)
7.

*

R ** *

8.

.

R = I.D. OF WAN PIPEG (m.)
'

9 ,

D. DEFLECTIONS: *

.

W WHERE: W= WEIGHT,, OF ACTUATOR + 1/2 WEIGHT OF

X,Y,2=(9,x,y,: BRACEET (LBS.)-{' g= G' LOAD = [x2 + gy2 + g22 -

.y

. ,

K= SPRINGRATE (LATERAL OR VERTICAL) LBS/IN*
.

*
.

E. VALVE BODY BOLTING:
.

-

+ 3 MAXIMUM BOLT LOAD (LBS)'

F= 3X N '4
O3 3% _

S= F TENSILE STRESS (PSI)
A4 ,e

.

WHERE: M = MAXIMUM PIPING MOME!;T (IN-LBS)

. N = W. OF BOM BOM
3 ,

X=D-

0 .DC OF BODY BOLTS (IN)
-

A = ROOT AREA OF BODY LOLTS (IN ) .

. .

NOT APPLICA3LE IF 2CDY IE WAFER STYLE OR IF SSCTICN MbULUS ANDNOTE:p
ALICWABLE MATERIAL STRENGTH OF VALVE EXCEEDS THAT OF ADJACENTQ PIPING. PIPING l'.AT'L 7.SSU:GD SAICS GR.B 5 ALLOW = 15,000

.

h3.

.
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DETAILED ANALYSIS
.

.

. .

Per Reference ( f ) upon a LOCA the containment and dryvell vill be
pressurized to 9 and 30 psi above atmospheric, respectively. The media

flowing throu6h these valves is steam / air at 100% R.H. and 330 F.

To perform the analyses the media is first assuced to be super
* beated steam with its density obtained from Reference ( 8 ), based on

the corresponding pressure and temperature (condition 1). The r.edia
.

is then assumed to be air with its density being obtained using the
.

ideal gas law and the corresponding temperature end pressure,.

(condition 2). For conservatism, the analyses are also performed

. assuming the temperature to be the temperatur5 for saturated steam
'

(condition 3'being steam and condition 14 being air). .

.

The above translates into the following conditions:

.
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LOCA CONDITIONS
..

'

.

*
.

.

.

Dryvell Containment
~

. CASES 1 thru 5 CiSE 6
~

Condition Condition.

1 2 3 4 1 2 3 h

Media Steam Air Steam Air Steam Air Steam Air
.

*'
Upstream Prescure kh.7 hh.7 hh.7 hh.7 23 7 23 7 23.7 23.7

Initial Density .0995 .153 .106 .16h .0509 .0810 .0564 .0918

'
Initial Temperature 330 330 274 27h 330 330 237 237

Final Pressure 14.7 1h.7 1h.7 14.7 1h.7 1h.7 1h.7 14.7

. .

O

e
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* To detemine which condition results in the largest aerodyna=ic
torque for those systems connected to the dryvell, the co=puter program
" FLOW-GAS" is run for Case 1 using all four conditions. The same is
perfomed for Case 6 to' deter =ine which is the vorst condition for the
piping system in containment.-

For Case 1, condition 2 was the vorst, 'for Case 6, condition 4,
although in both cases the variation was less than 1.05. Using

condition 2, the flow and the aerodynamic torque were calculated for
Cases M through 5A. For Case 6A, condition 4 was used. The computer

input sh'cets and results of these calculations are given in Appendix B.
.

The flow conditions for all cases were then used for input into the .

computer program " FLOW-CL" to deter =ine the closing times. This was .

performed for both flow in the preferred direction and the nonpreferred-

m, direction. The computer input sheets and results for these calculations
LA '

- are given in Appendix C.

.

Shown in Appendix D is a comparison of the calculated closing times
'

under no flow conditions to the actual closing times of the subject valves

when tested at Posi-Seal. Posi-Seal believes the relatively good

correlation.between the ' closing times demonstrates the accuracy of the

computer program "FLO*n~-CL."

The largest aered,nc=ic torques for each of the unique valve sises

(10", 24" and 36'!) along with their corresponding bearing torques are
then inputted into tha corputer program "LOCA-SMC." This program then

calculates the combint seismic, operational and LOCA stresses of the*

critical areas of the valve assembly. These stresses are then showed

'o be less 'than the allowable. If they are not,then a caterial change

| is made to ensure the stresses are less. These calculations can be
found in Appendix E.

O
.
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As can be seen on Page E-3, tlie stresses for the actuator bolts
based on an aerodynamic torque of 122,133 in.lbs exceed the allovable

stress for bolt material A193 Gr BT. Consequently, the bolt r.aterial

is changed to A354 Gr BD for all 36" valves.
*

.
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INFLUENCE OF BENDS AND TEES

~

The piping systems vhere bends and tees could have an influence
on the aerodyna=ic torque of the valves are:

1. Cases 2 and 3 where valve IVQOO4B is downstream of a 24" X 36"
reducing tee.

2. Cases 4 and 5 where valve IVQ003 is downstream of a 124' bend.

For valve IVQOOhB if it is to be cycled the same time or before the
. other valves in the system, it is reco= ended that the valve be

orientated as shown below.
.

.

-
.

bT, J
.e

.t . m
, ; m m

C#0F
| | {l

1 t.

.

The reason bein6 that the flov from the tee vill impact evenly on
"

either side of the valve stem.

.

9

..

'
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J( For valves IVQOO3A,* Reference (b) shows the valve to be oriented

as such:
.

.. .
,

,

.

|

.

.
J

.

.

.

If this valve has to be cycied the same time as, or before the-

valve upstream, and has to be placed, on a forty-five degree angle
-

.. ,

J
for space considerations, then it should be oriented as shown below:

.

. .

.

. .

.

-
.

.

.

.

This is done such that the flow vill inpact the disc on the side .

of the di::c that vill tend to close the valve.

.
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.

{, If space consideration a11cvs, then valve IVQ003 should be
orientated as shown below:

.

| |.

-

.
. f---
or.

_

n'
1 M l

.

NOTE: ASCO S211 solenoid valves have to be mounted upright to operate
properly. Therefore, for the valve asse=blies rotated frc= the
vertical, the type of solenoid should be changed or the 8211*

-

solenoid reorientated to be upright.
*

.

.

Posi-Seal has perfomed an investigation to detemine what--

effect a pipe bend upstrea= frc= a valve vill have on aerodyncmic
~

torque. To date this investigation has not revealed a::ything that
Posi-Seal can use with confidence. Consequently Posi-Seal has taken -

the following approach to analyzing the valve IVQ003 -

.

If the valve were located such that it's ste= layed in the plane

of the bend, the flow would impact evenly on each side of the stem
^

with the resultant of the velocity profile acting out board of the
,

*

valve center line.
.

.*

h . .

'

.

.
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To obtain a feel for what effect this vould have, it is assumed

thit thic resultant acts at the halfway point between the disc center
line t.nd the end of the disc, and that the density of the flow is doubled.

.

Posi-Seal has determined that the hydrodynemic torque factor, Tgy,
is a function of the shape factor (Ey+E)

, __ _ .,

-

2 |
*

'

- - . '_ _ . - . . - . -

.

.}
' -

*

Ey+
*

_
p

L J
'

4 D =-"

*

.

K DT =- gy y.

.

~

(Ey+E) D
~

K =y 2

h.6098 - 5 915 KK =
2 y

The hydrodynamic torque factor for a 36" valve at 90' equals 89607
in.lbs[ psi. If D equals .707 D (2h.591") baced on the assu=ption above,
the hydrodyna=ic. torque factor equals 11,134 in.lbs si.. (Note, this is

,

approximately equal to the hydrodynamic torque factor (12758) for a 24"
'

.

valve where D = 22.352). Since aerodynamic torque is directly proportional

to the density and the hydrodynamic torque per Page 16, the resulting

aerodynamic torque for the case assumed above is approximately one, quarter
'

that for flov Eoing d' rectly through the valve.i

If the valve was located such that the ete= is perp'endicular to the
bend, a te$n has to be added to the aerodynamic torque that takes into
consideration flov impacting the disc outbesrd cf the stem.

.

CL
...
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h The magnitude of this force can be deter =ined by using the

( ~' principles of impulse'and momentum.

AM Vy + F At = AM V2

V2=0
*

LW F At=
1 ,

where AM Change in mass - lbm=

Velocity - ft/seeV =

F Force - lbs=

Change in timeAt =

.

A PV bt*

AM =

8
'

where A = Area - ft -

' 3 -

Density - Itm/ftp =

Gravitational Constantg =

(7, W =ApV Flov - lbs/sec ' '=

WV At F At=y

6

F = WV y

8

.076h QW =
,

3600..

,

where Q Flov - SCFH=

'

F = .076h Q V QV=

323 (3600) 6
1 517X10

Taking the flows and velocities which resulted in the largest
aerodynamic torques for this valve (Case 5) assu ins flow directly

through the valve, the forces are determined for the various valve

angles.

,

e*%

-
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Or -

\ Deg. 3 ', F
- -

10 1,597,000 69.4 73
20 3,195,000 138.6 291
30 6,480,000 281.6 1203
ko 9,360,000 401.4 2476
50 11,360,000 493.6 3695
60 12,100,000 526.2 4196

12,100,000 513.6 409570 -

80 12,100,000 513.6 4095
90 12,100,000 513.6 4095

.

.

Again, assuming the resultant force acts at the r.idpoint between
the center and the end of the discs, and that the vorst angle of attack
for the subject valve is ho* (See Figure 8 ), the resulting torques are

'

calculated.

= D cos (40 - 0) T = RF in.lbsR .

RI
.

*~

Deg. R,
._R
T

lo 7,524 549'

20 8,164 2,370
30 8,556 10,290
40 8,688 21,510
50 . 8,556 31,610
60 8,164 34,260
70 7,524 30,810
80 6,655 27,250
90 5,584 22,870

.

If the above torque et 80* is added to the aerodyna=ic torque cale ated
for case 5 at 80*, the maximum resulting torque based on the
assumptions for this orientation is obtained. This torque is 115900 in.lbs.

.

e

c
'
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( Since the valve lVQOO3 vill be orientated on a 45 angle, halfway '
!

'

between the two orientations described above, Posi-Seal believes that
the aerodynasic torque value vill be subject to less than that

calculated for flow going straight through the valve. However, for
conservatism the combined seisr.ic and LOCA stress analysis for this
valve vill be based on an aerodynne.ic torque of 122,000 in.lbs. This
torque being the torque that valves IVR001A&B will experience.
.
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APPEIDIX A-

- Sche =ntics cf the Piping Systers
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CASE 1

DRn' ELL -- -

h

.

I'
2k" Valves IVQ001A & IVQ0013

Worst. condition
f

Upstream flange of IVQ001A breaks off'

;

Downstrea flange of IVQC01B breaks off
>

The resulting system is as shown below:

hp
} te ~

' ~ h /g ,jj per Ref. (h)

G. ?-
.

@ hi

Station No. Type of Resistance (No.)

24"1 Entrance (1) K 5 D == yg
e

2 Valve (7) C = 23h12y

9.6'3 Straight Pipe (h) L =

4 Valve (7) C 23h12:=
y. ,

2V5 Exit (8) K 1 D= =
OUT

Valve IVQ0013 (h) is cycled close.'

1

CASE 1A

Velve 17Q001 A(2) is cycled close,,
, .,

J
.

A-1.

.

mv, -t - -- --- r . . , . ,-r- ..,--..--,--e,---,---------..,e- - . - , - - - - - - - - . - - - . +-.m w..
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.( i; U' w 4 '&',' . 32.5 :0.1000 .-301.4 >^ '661.2 't.

J
,.

'' '

'. F: _
(

! ' p+.'
" 6 ' 14.7 0.0691 040.1 1167.4

'
'

-

*

NOTE:
-

u.,- -THERE IS CHOKE FLOH Ai STATICN 5 .6 .

a, ,. ,
-,.

g <.. ~ , - - , . . .m ._ ,
.

i .. ANGLE FLOW OP ALkDSS tALVE Toero Tdp .

,T/ -
, , ~~[(- ?, 70 - p 10,795,461 .9.80 32,991 578 ^

, , s_,
. - . _ .

1"
-q -

. m...

' ' '

. " ' . PRESSURE DENS 11Y .TEF5LRATURE VELOCITY. cj~ 1 44.7 0.1530 330.0 476.6 .'- -
* i" ' ' ' ' ? 40.4 0.1425 320. 7 509.9 'N ' *.

3 30.0 0.135.' J15.0 533.3
' ' . 4 37.4 0.1349 313.0 537.3 ?;' i'''

.- .y, ,1 . * .

!?- ? j ; j T.,t fjt
#

5
. >s

5 27.6 0,10e6 27.7 67i.3 - - - - - <-

|(.r-." " NOTE: THERE IS CHOKE FLOW AT STATION 5 ^":

~

6 14.7 0.0691 240.1 1054.8>
>, e s ,,.;,b

L( %s
. .; e , ,,*

.?n ..-s_ , ,- ,

, s - , ,.. ~..

(,'RANGLE ,d. ' FLOW DP ACROSS VALVC ~ T<aero Tdp - 9'a
- '1- (0 'O.520.213 19.27 13.299 1 136

s J (.'. i.
4

, . .

.

u,, j. g..L, .V. . PRESSURE DENSITY TErJERATURE VELOCITY
. .

. * A-
1 44,7 0.1530 310.0 376.5 -

,,g y _ ,
'

, ,, --?

2 42'3 0.1471 324.8 390.5(, r 3 40.9 0.1436 321.7 400.2 ^ '

- 4 40.7 0.1431 ?21. 3 406.2 -- -

'

6 21.4 0.0f05 ;67.5 636.1
C 6 14.7 0.0691 240.1 833.2 *

NOTE: THERE IS CHOKE FL0u AT STATION 4

t, _.

ANGLE FLOU OP AceOSS t'ALVF Tero Tdp
,

50 6,J72,954 24.44 4,124 1,452
l

PRESSURE DENSITY TEmeERATURE vel.0 CITY
1 44.7 0.1530 3 !C . 0 281.6

C 2 43.5 0.1501 321.4 206.3
3 42.7 0.1402 325.0 287.0
4 42.6 0.1350 325.6 289.8

(. 'S 18.0 0.0900 254.6 538.5
6 14.7 0.0691 240.1 623.2 -

-

.* ' y ui s . a. r. - ;
.

O,

q t /
4

**
k+ *. e. .. ..

gp -

.
g - . . .- .

. .
-

.

d

e

b c
.

<
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,
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,
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.

** *,

'.L,,-
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_

y- , ?-'

*
-

- -

'I 5 " ,5
' '

. p.: r
4. :n d ., ,. p. c a . .

,
' 'Q&ry0|yM/ *' . - '' '

's.->,*> -:r.,
c' -

,
;w < ,

a; - +* * * ..
. A,;

. . .

, ' 3 ,,G
-

s - . ,. 'w._4.. * =- u
.

. . ,* ''

'
,

'I' 4

_, |h.\
. . . , , 4 .

' ,^ '

:i
'

' "**
. . , ,

. ,'
.

(' ;:~ |, ,

Qg L *Q% ;& " |%_| * :h c
'

': ' ' ''
, |*>.

'
' ,

;gfM%C-V N 3
- .Cti 2| *d /

'

-~;^.s Q M '; ,y _A :y
',

s:~.. Y nm ,}; * ' ,

~ ~~""~~E ~ ~ " ' ' '

7 ,b' f ' * * ' .
'.f. n[%2 ' ?.,T e.

[NifTIThiERE 1S CHOKE FLOW AT STATION 4 -,
. ,

b n:' .' j[ U^- ' * ~~> * '

t' ,

'

1 # % ANGLE . FLOW . DP ACHUSS VALVE f- .Toero Tc;

pg .a. 40 . , Q .g 4,330,358., , q.
, -

s. J,f ; { .j {. M |3' h <i

s.27.79 .? N ';1.289 , , ' . 1,a25 ,.,, g(-
, ,, ,

6pp.A.7 , . ,, h > 44.7PhLSSuhE DENSITY .,TE NERATUhE VELOCITYs

f,s !Q';J'
y , . , , , . . . . . ,Ta , ,'. 0.1S10 *330.0"1

191.9
'y_U' *, '

,

4
id 'i 2 ' " ' 4 4. 2 0.15?O 229.1

. 191.3>
..,

,'' * '' ' --

7' 2.$k%[. 3
43.9 > 0.1511

.'.328.4
- 193.0 - -

- - .

*
( |,' 4 43.9 ' O.1510 *

j jy8 " -5 *16.1 '0.0730 '246.5 ' R6. 4 ~

, EI ; .
* '''''3.. ' '

328.3 193.0 - -
~ '

+

'$ ,
' ' ' ' ' , '"'

,/dy/f,N NOTE:
''- $

6 14.7 0.0691 240.1 423.5r
,..

-(, THERE IS CHOKE FL0tt '.T STATION 4 s
'*

wi~ . -

. , -

e *.
sT |J,/ FLOW .5' OP ACROSS VALVE ' ~ Taero' . . Tdp i- . 4

n .,p
"t b*j
ffy O"ANCLE - ' ' 2. 6h. 615 29.22 273 1.722

'

. ,, ,

30*

: .e,
' , . '

,

(. f '
7 PRESSURE DEN 917Y t TEPoERATUf:E 'VELOCITT . ;- k.* ~ ''=

.

'e ' '
S 44.7 ' Opto 270.0 110.1
2 ,= 44.5 0.1527 329.7 118.1by ; e ,.r,

, g. 3

.
3 't 44.4 0.1524 .,.1.329.4 118.4 M 'j., "

. . ,
'

. y :,- j ' d
- 4 -44.4 0.1523 329.4

. *
'118.4; ;O- , 5 15.2 0.070U 142.5 255.1i

OJ *
' '- ' # .l.?., * - ' 6 14.7 0.0691 240.1 261.5 *

, , * . 'f' ' NOTE! THERE IS CHOME FtOtt AT STATICM 4 ''
.,

.*

3

|y$ , , ', w'' . ,t ''t ' , , - || t ie '
; ,

'ANCLE FLOW OP ACRQSS VALVE Taern Ten
* '

it 20 1,351,520 29.00 44 1,757. , .

!O ,1 -
,'

' ~
,

''6'""* PRFSSURE DENSTTY TF**ERATURE 'VELDCTTY
'

,'-
,

* L ". * a,, ,
'' '

'' '* 1 44.7 0.1530 330.0 59.7 . ,,
i ' ' ' , - ~ ''^ 2 44.6 0.1529 '329.9 59.7 '

.%
, 3 44.6 Od528 3&8 59.7

*4 44.6 0.1528 J29.8 59.7 .

( ) ,* 5 14.8 0.0695 240.7 -131.3 ' '

. -
'

6 14.7 0.0691 240.1 132.1 '

| 0, , NOTE: THERE IS CHOKE FLOW AT STATIO*4 4. * ' '' . - .4 , ,

'r { ' ,.
)f i b .

#
. , ,5

':n ANGLE FLOW OP AEkOSS VALVE Taero Tcp * ~
s

'O, 10 686,745 29.94 4 1,765 q, . ,1.,
*

,

, . PRESSURE DENS 11Y TEr5EhATURE VELOCITY , , . . , - ^ y a, 7, ~ ,. - ,,,'u- o

O ':- 2 44.6 0.1529 329.9 30.3
- *7''',

~ , ,
'

1, 44.7 0.1530 3.10.0 30.3
'' ~ '

'
.

3 4416 0.1629 J29.9 10.3
O' 4 44.6 0.1529 329.9 30.3

$ ''''14.7 0 060? 240.3 67.0 *

6 14.7 0.0691 240.1 67.1
! O NOTE: THERE IS CHOKE FLOW AT STATION 4
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-
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, ,.- , - - , ,
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.- .' ,, , ,

Cf) .[-y: .w

%y q ,
~ ~ . . ,, .,

2 < , ,

. . . . ,
-

., - ,

',_ -i .
.',* '

, ;
J.

,
'

3,,,,

O. f...yL ;bn w :. ..u
'

%i SL " -
- ._ CASE :! ' ' '.

,

. n@, ,
.

'

g # M.
-

'
.. >. .

. < . . .

:
CONDITION _ '5 - ' *... . , e

.

%.,,y.
.. . , ,

,

s h s .s % y L 7
'

'!bc
-

,
-

~ |n. h s ' -e '
.

' s ;.t,. .Lu r. 9-
< ~

.

-
< a -:, . . , .tem,49,.

,

nigs n r.,g. . * q: w:, :. ~ ,

, . > <; .- +,.u ,.wi ,

a.mg. > :. ; , A, i . . ( f y. ,p
.

-

;, c:%
-> . , ' : ; % %, ,. . g:

. - :. ;m n. . +.

.. ... r, ..,,. ma...~.. .,., y e < s .. -
%,p,g:m. .yp. [,:w,n-, .r s n.wt .

,

q,
-

' , ,,y ..

..,o.... -

m! ,,, .
61 r d. t vJ

,. - , , t- . . ,c, , e,_. . . . , m4 -., . -

3, .:.
. a. + -. sn. . . . . , . . . , V. :.a +m., ;_ r,

- ..w. , ,_ ;- -
.~,.a

3 . > e-,..e-
, . , ,

h,3).,.w,k,.,a.[,.b[.h. [ i [ f. NUCLEAR LOC AULYSIS - [ 't
~

{,k f
.

' '

h. $
,

c.
.,m .. ,

. , - ...

, g . ,1 ,
,- r. . ,

~

t, 1

. .g k' t M,4 i.g' ,. N;4
. . , . .n w ".

* t ef -

,, , . x,.
N Mj ** ,,g- 13

1J. & '%- M,,
, ., ,;, q

. #19 ..'. ?
,

- > .* -"t*.

M . . .y ,

99 n. Q,e %';. Q T, 9..1;yM? f/~T Mys. . :- .- 4 c .

' i c; nv-- ,+~yp # - , . s .
# .

4
i

4, d.hd,,,V,ALVE SIZE: = 2. Y ''-

n}g;y:,yt
*y

:r.c . w~.ma.. n. . . n4 ,. , -., - ..y.,',. , ..,s .a . , . .u .. y ~s, 2,4 % - ,y.. , . . _'w .. m ..,; 4
.. -

' '~
.

'
. ..- wy

.M
/ TO / .),0

. .,, m,
'

.f :yi./ #)'.~ VALVE CLASS:
' ' ' ' '

~

' % ' <
:2 aar r~

,ff M,y,n. ACTUATOR: ' -41...} (- # "t7of2-Tf.YD
,

'

;, s
. .,,

. . _ , , . .,, . .. .

, .y@prg.,,,,a.
. .;w. .

,

- .,
. - . 4 g- ., , _ - ., p

, , . , . .
1 qi. , f., ,t -v.., .,;t - 7 , . .. . g ,. - p. #7; . . ,a, . .,m

. . j . ,a.
-

t

J, e ,W, Ct :. g%~Q*. e n :3, ,,; m$ . S .,"
- e >

,i

4 . ,
-

t -
., ..m, . , . . ..

v' . t; j . ~. ! 'i ' . - f'; * .,p
, -

e'4
' , +

. '' -,s 1

* ' ,'"
.

c ,' '.j c - '

. + . ' - . - . - 3 _ .. .
. ..r t,.,. we n e.- c. ..

, ~ L. ,-

% W. N UPSTREAM PRESSUREtN 7 PSIA G ' ~INITIA.L DERSITY ./0 L LES/FT " a.
,

.
. . .

'

: / s/, 7 . PSIA.. .,M.n/V. -TINITIAL' TEGERATURE 2.'7'[ F .
- - .

- ' FINAL PRESSURE
..

' -' - *; '

WE,;in LSHUT'OFF PRESSURE '/'l 7 PSIA .p - J MEDIA ^ 1 /-< ,, A
, .

.

' '
, qen . .

-
_ . , '

,

[gpA [RNhIO OF, SP. ' HEATL 3 2.#f . ., .y .
. ..

- -

y-h
-

_

, ,

' ' . f * ~ ~SPECIFIC GRAVITY
m.,,e .e-,

.MNd' COMPRESSIBILITY I
HYDRODYHAMIC FACTOR [.

'+ gs..,,

. , W)f.J , ~e.^ '
6 90 DEG "/2 7 $ IH.LBSJ. a ,+

4 -.
, _ .p31 a

a . n .a. . < , , < ,

(m v .
.

3
- . ..

*, r
. r ~ , - 4, , 4. *j ,k

.

' ," 1.., j
.

Ge P .

,s ,3., ,

"
.a- .

,.,.v*/.~'..'.,.g*E'.3 (. j 4,
' *

w,~ /
,

. + c
... ".u.'.,.g,4, .,.,4 ,,

,,

;,

'

u .m. 7 ,.
G, ,, gs.

.

, 1 < . ..y a. ' , ::c; , , , e: ,s ,
.

< . + , . . v., ,
;g ,..%.* . ~tV< -;'*,

r ..a

d.t.1 ^ [ STEM DIA.
' 2,0' IN. Y GAGE DIA. 2 2, '3.9 %.u. , . [a

' ~

*2 IN -
'

'

c w, . :

.
, 'Q.PACKING TORQUE /1/O H.LES. ; SEAL TORQUE ~ y3/g DIN.LBS 1,

n t..
)'? ., DIRECT 10D hn k e n u . ^ * '~$

, ,y* 37

,, -
.

"' *' *

.:.
. . - . . .

,d,
.

-p ,3 .

m -.
e

. .

, .,

. .,
w 1

. - . . . . ,

" f b , Y.'. .? ,ey)
>

2INPUT STATION H3., K FACTORS, ETC. - .
-

, , ,

' > '

< , . -

(See Appendix A).
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,
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'

_
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e . '>a .
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.

- + - .

. ' . .ci. .
, . ,
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-

,%- , .s .
. ~ . ' . .

-
,

~
., d k k '- 9

f d- '
i

.,'v.y,aV A< n . ~ . . ,t.
7 / J'. . '. - "> -3 .

, - t r ',' '. . ,
w <

45.h.w$.p ,J ;
, ,

. ,f,'i. ; ' dW% ''.an
i- *

-
,.:-.- - +

-

.

e

,
.

- ,~
1 ..... - - ... . . . - , . . . . ~ . . - . .. . . .. . . . . ,. , _ - . . _ . . . .. . .

-

; | M.i. '. 7.!-d ' I ~ ' CONTROL .
!,.)

ru;u'"' - N
' $'

> * ' + '

, ' .
.n .

G Y G T tT M #N N A1_.Y G I G _
'

--

w.7.., ,/R h s
.

VALVE CLASS =150/1SO ; FLOW-CAS

.

t ..mc

. C, ,;W ' - ,.
.,4.:'

,

.,1 - VALVE S!2E=24 6'
.?f.

. - -- s
. ti n +

V f ,|-'-
PRESSURCedf,y.4| WSTKEAN

INITIAL IN 1 |I t.L . FINAL SHUT-CU s' ,, . . , , . .,

DENSITY-X10t2 , TEMPERATURE , ' PRESSURE ,PRESSUF.E 9; % .,~.}' L.7[, ,-h' 'MT,c 2b-or44.7 10.6 , , ,,
274 14.7 44.7

' ,< ~

J M : ,.p a .
, $P. HEAT ' GRAVITV

.(''diy 1.329
. .

590 CU;
' '*' ..' .' 'u ., , , . ', n.1

. p .,STE.AM -
.62 - . 1 'x 12750 ' '.. $'

. >

6 fi 3,.., STEM . GAGE , PACKING , . .. SEAL . , ;,,g , -3 1 :,

!# !'' '(f7'JDIA. L''t'TOROUE
-

' 'r ,i . 'z < ~ - [mR'' .-! TOROUE ' ' ' '*-' DIA. 4 se
l-*' ''r 4 4 -

z:A 2 22.352 1210 43163

%. . . .' .
^ ' ' 'a * '

. >

3 .
%,,

. . . . c t 9
* ' .

- . J. ' CORRECTED . .q ~.
" ) .-

' *

' J'I "p;p 7
1. i' * *

' s.
- ' STATION NO. TYPE Or RESTSTANCE ' DIAMETER-(D) LENCTH-(L) RESTSTANCE-(K) .RE' SIS T ANCE-(M )

'li,
'

'

4, p . , 1 ENTRANCE 24.0 , 0. 0 0.500 O.S00000 .

. (f J-v '24.0 O.0 ~ 0.541 4 0.541140 _f*% 1,
,

' ?th '' - ,' 2 ' ''i- VALVE - ' ' g,

: ' 3 STRATCHT PIPE 24.0 9.6 0.072 ~ ' ~ 0.07?000 -

[. !.p _ 4 _- VALVE 24.0 0.0 0.541 0.541140 e..< .,,

- (.,, .'y .4,
''

& EXIT 24.0
.

, -
e : 0.0 1.000 1.000000 ' .

. -g s.,, .->

FLOW IN PREFEARED DIRECTION.. ~ n- .

O
,

-
' ' " '' '.T

25 ' '

' CONDITIONS WT TH '.'M.VE OPEN
' 5'-

-

| F LOW'15,028,941 SOFH1 n ' e
a r'!,~
| ( ' ,* _TEPFERATURE VELOCITY

s a, ,

PRESSURE CENSITY ' ' N*

g C' ,h. . .
1 44.7 0.1060 74.0 617.0

t : ." 2 39.2 0.0960 ' 265.2 ' 677.8
.~

~-_-e ' ' l m .5 ! ' . bb,4 ', F ?1

. , .'

g
* 3 36.2 0.0904 ' 2M. 0 719.7

.'g ,-| 4 35.4 0.0891 258.8 727.7.
| 4.- 5 33.1 0.0847 254.5 772.2 - , - . );~ f

~

'
r -' ' ' '# 6 13 7 OA459 2c9.0 1424.9

~

_

y NOTE: THERE IS CHOKE FLOW AT STATION 5 ,. ,, y .w, < , .,

; 9' ,' , ;s ~ ,p s . , ,, .,

CONDTTIONS WITH 9aLVE S4UT '

|( '3 ' VALVE TOROUE= 0,161 IN.LDS ,.. , . ~

-p.d,'.i N - , f" 490 7 E M '
s ,

' ' " ' ' '
, , ,, >

3
-

"
DELTA P=30.00 PSI ", - -

t e>

9'l ' fj ,
,

,
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, -
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,

0
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.
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L
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n g,-M.%js[-
'
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,

-
: sg' ; c. ' w" 'c. , ;

,

[[[ - '
* '

i
, 4 . - M.

.,
-

-,j(uf7.fg
' . <q" n . ..

.!j . - +,

c p. d.T?;yY ;" i; i '
,

, . . . . . . - ....... . . . . 2. J '. _ . ' . . g;>,| d ', *.'. .i 1.>. _.. . _------ ..-.

-c'y#g| 2
r_. .. .

'. ' -- "' ~
~y

eg ,.). "$coNDIT E ON13 AG V A t._ U1I C1_OGCS
> ~

. ,r ,

- C N AHCLE, #C ' FLOW ' OP ACROSS VALVE 'Taero ~Tdp
' -

'

;g 90 15.028.941 2.32 37.407 136
. Y t-il,y'' '' '

.

-

J A.- ,i. ,Y; If /h 7 ' @ ' PRESSURE DENSITY jTEMPERATURE, VELOCITY ~
' ' ~ ' Mf "O~ I. j.*. ? ?$'/ ,.

- -
.,<i

*2 - 1 44.7 0.1060 274.0 617.0'

h;:>ThT ~ ~J 3 ' o' '39.2 0.0960 - '265.2 677.8
. _ , ' "

% w2
. y.( 36.2 0.0904 :c 260.0 ?719.7 7 h , ' ~ ' ' ' - F' . , .'T c % ~ !'' ' ' "

,

' ' '- 4 35.4 OA 8.91 ' 2L8_,_a 727.7
'

-

,

G3 .5 - 33.1 0.0847 254.5 772.2 -- '.
. ' Y. '' ' Tdi''' - . - ' ' W'. .

%r

z I[,"%f / 6 ~ W -C
* 2f, 14.7 0.0459

3,, NOTE! THFRE IS CHOVE FLOH AT STATTON 5 ~..
~14?4.9 ? '7..'. U200.0 ' '.. s <C * ~ ' ''

%J :.L1 . . Q 4,.. **r
^

'i. 4-, a . . -
. m.. .

N "_.i_ANCLE FLQW OP._pCROSS VALVE Teero ~ Yds *
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f(.. d' ' FLOW =11.936.377 ECFH
..

' |' * ' "A -^
'
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~ gg y~e & _ 32.5 0.1220 .301.4 661.2
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.5 27.2 ' O.,1075 216.6 677.0 ' -
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j
(jf.h N 5 ' , 16.7 0.0759 249.2 .338.8 ,
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' ,( , U - : ' 2. 75 , t @1, 4'p .?: .'
, *#

')/,- -'l t',
? r

'
v '. ; 4g, w' y

. 1% > < s . -
'c .n y . . * - , ,. COkhECTLO,

.A. ,
,. ....7( I.' ' STATION NO. .TYF C OF RESISTANCE DIAMETER-(D)
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13 14.7 0.0692 240.2 91.7

' i- ' d..O 14 14.7 0.0692 240.2 91.7 5* '* '

; ,
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5 12.8 0.06?O 2_31.1 13_09.3

~ .
'

| /"607.0 . *s ,. -

' ~ '

6 14.5 0.068S 239.3 200.3
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- , ~ 12 14.9 0.0690 :241.1 '290.9~

# ' -'.+ .
^ .

<!' 13 14.7 '0.0692 240.3 91.6
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* * . ' . . , .
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4 s - 50.060000'' '

,',' 7 STRA1CHT P!FC 24.0 11.7 0.037 0.on7750
., S T[E 24.0 0.0 0.720 C.720000 s ..,ag, ',n,, ,9 ., p' EXPANDER cr

' .ito ' STRA!CHT PIPE
'

24.0 * 0.0 -0.300 5- 0.308641 .. '.1 :
'

s
'' ' ,

36.0 3.0 0.015 'O.00?962 '

11
. b.

VALVE 36.0 0.0 .O.400 0.000640
.. , ,kv

i
>

;12 STRAICHT PIPE ' ''!!C .". , 0.020345 ).1 ''20.6 ,'I0.10336.0 '' i
" * 13 VALVE 36.0 0.0 0.40R 0.000640*

f h ,; 14 EXIT 36.0 0.0 1.000 0.197530

g' '. *qe sy. ,a ,~ . c ,, + . , . , , , ,.

.. w .. : . w
, 'I" FLOW T>t PRFrlf? RED DIRECTION

.

.
,

.
'

, #''

co gg .
t aW7 CONDITIONS WITH UALVE OFEN i =

. | ' ,- 'N
,

'

FLOH=12.099.?00 M H
' ' " M A - y' ''

, j
' '"

j ( ...,.yj [- . ,d' PRESSURE DENSITV - TEMFERATURE VELOCITY ' ," " W - .
c. .

-
, ,,

da . M- ' 4 %' , .,.C.t @ | gs."
-, ",,s.- ,. , g e,e . , i -u
*'' d,

1 44. 7 0.1520 330.0 534 7
"

f, *,
C' ' '- '

i: . 2 30.9 0.1395 , . 331.1 r. 500.5 ~* * r

.
' ' C 1 T. !' 3 .N N f.'

. . . - ;# # .
i -.

C ' $ '> 3 , : 35. 4 0.1296 $0 300.9
'

620.8
' U' %*~. '' ''* '* *

.t ' ' ' ' ' ' ' *' 4 35.3 0.1294 3 M. 6 6?0.9',- 5 32.0 0.1206 300.0 673.0, s

'/$ y''C'; ,@Mth .s-#C' , 'b & ; i 4.$. 30.0 0.1172 ~296.7 :690.2 ' ' >
4 s

,, , ,
' ,'

7 30.0 0.1153 294.7 699 1 ' "'''

2,

G 28.8 0.1119 291.1 717.8
TF

~''0 9 12.9 0.0632 231.7 1293.6 _
*

.-
>

,'
10 16.7 0.07E9 249.1 479.5

-

11 16.7 0 075s 249.1 479.6O. , '

112 15.9 0.0733 245.9 495.5 , .
,.

13 15.9 0.0732 245.7 496.4
f4 15 1 0.0707 242.4

. '
513.6

Q ''#'15 14.7 0.0691 240.1 525.9 ,' - k *' "".'*

NOTE: THERE IS CHOKE FLCH /*T STATION O
i

G CONDITIONS VITH VALVE SHUTs . .
,

VALVE TORDU9 20,889 IN.LDS
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'

O .

,

' +
,

1

~.
''

o.

, g,*% 1 .g .y ' , ( .r g . ' I
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*
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'
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,
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t
, ~ i.

,
_

sW ! _. g . v. ~ ' '
,, 4. 4

;; a< . ~ );;, ,

'.'.54, '
a, ,., , , . , ,

. g fg .vA -; - . ;r ' a.

...,j'3 1L,- W, C T_? '. :.. . . . . . . - . . ' . . ' , ; h ... ~. . - . ~ . ' . . "' ....:... : . , . .*

. ' '
~

^ | 6.y . . c ,* .W 4,b
-

-

v. .. - .,a e

r.U G . ' g r , , , i . '~ , '
a. , -

'. *CONDIIIONG AS VALUE CLOCCCw , y |- - - , -- O,1
,

.
.

-V: P .l'
'

'

r +v, , . - .,

1 C . [ ANGLE' ' a FLOW ,DP ACROSS VALVE - Taero - )4 ~ Tdp s* ' /' ' ! ' 3, y #'?4 /;.

8 ' 90 12.099.300 1.09 73.205 21e
~

-3
.. % r . . --

, s

PRESSURE ,~E r.FERATURC; *[, g ' "-( ' M 'L I' , / . '' 'OENSITY % 'd . ,: o . ,'

1' '44.7 O.1 M O
'' TE VELOCITY ~L ' ?. '

-

?30.0 ' 534.7 * ' -' ' - ' ' '
'

' ' '
'

*
. 2 38.9 . 0.1385 317.1 588.5 ,

J ' } .1 -I , . ' 3--'T
,

(, ^ f - ' ' g'e 620.8 '4* b. W-, -4 - - - ' ,-
''V M.'3 ? i 35.4 e .0.1296 - ;300.8 '^

^%. ' "
'"4 35.3 h1294 309.6 '

CB. O>t

1 .*#
,.f, 32.0 0.1206

'

300.0 673.0. ,y;, . ,, ,

j )' 6 -30.8 0.1172 296.7 a- - 690.2
,

. + - ",

7 30.0 0.1153 294.7 699.1,-.

.' ' . ' - 2 8 28.8 0.1119 291.1 717.8
L b(;,'i,%.4 ~ 9t, a- 112.9 no.0632 - , 231.7 - - 1293.4 -a4 . ."- .

'

' ' . " 10
' *17.3 0.0778 251.8 466.9

55. 11 17.3 .0.0770 ~ 51. 0 467.0 .T * .4, i,' 12 - 16.3 0.0745 247.4 ' ? 407.9
' , ,

.E.+ - - i'w- '

* - i

., (.
'

'13 16.2 0.0743 247.3 400.8 l'' "'
' ' ' ''

15.1 0.0707 242.4 513.6
.V '- o( "'' ''* ? ' 14

> .
.

14.7 0.0691 240.1 '*. 525.9 J-' ' '15 * - i* "p:
' . ' NOTE' THERE IS CHORF FLOO AT STATIC 4 8 - ' '

.
..<,i - 4 ww i.. . ._, ,

' ,(. . |L .4 _,;
' e.

ANCLE FLOW DP ACFOS9 V4LVE ' Yaero Ydt '

",!. .
.c... '' ' ''

80 12,09Y,300 1.74 .88,675 343,

. (. . - . .
.,

"g' .w . s . -

| '' PRESSURE DENSITY TEPPEPATURE - VELOCf f Y '

1 44.7 0.1530 330.0 534.74

! b ' 2 il 38.9 -0.1385 -.317.1 -' 588.5 ; f'. 5

d.9
, ,

3 35.4 0.129A 200.0 629.9*

# 4 35.3 0.1294 308.6 628.8 .. X,'. d '' ,~ ,.

V ! (*
' 5 '32.0 0.1204 300.0 3< 673.0 '

C.- - 'a-<

"4 30.0 C.1172 296.7 61Q. 2 I "

(. ,' 8 28.8 0.1119 291.1 - - 717.8 '- -
,

, ., -
(

. ..7 30.0 0.1153 294.7 699.1 .

' a- * i"- .''* 9 -12.9 0.0632 231.7 '1293.6

|4
10 17.9 0.0790 254.3 455.5

, 2 ,. 3, ,, , , _ , ,

.*
+ ".11 '17.9 0.0797 : '-c 254.3 455.6 * . "

* ; M ' ";*S .17 16.9 _0.0Z46 ' 210.2 474.4
* +r* +

'
* '

13 16.9 0.0765 250.1 475.2 . ,, ,y ,g(, " '14 ' 15.1 0.0707 242.4 513.6 -i''
,

iX+ * -
' ' '15 14.7 OJ a91 240.1 s?s.9

'' ' - - < -
-

', NOTE: 1HERE. 15 CHQhE FLOW Ai STATION- 8 .

C. ' . . ..
- L' - < , a ; e, . +-

.,

'
l

ANGLE FLOW DP Ath0LS V4LVE Taero Id;
C 70 *-12,099,300 3.44 46,489 675 o . .

FEE 55URE DE0511Y TEerEFATURE VELOC1TY
Q 1 44.7 0.1530 330.0- 534.7 -

2 38.9 0.1385 317.1 588.5 '

3 35.4 0.1296 J 08. 8 628.8 - -

0 4 35.3 0.1294 3o8.6 628.8
- '

. -

5 32.0 0.1?06 300.0 673.0
6 J0.8 0.1172 296.7 690.2

C 7 '30.0 0.1153 294.7 699.1 . .

8 28.8 0.1119 291.1 717.8
I9 12.9 0.0632 2J 1. / 1293.6(, 10 19.6 0.0849 240.8 427.8 i .

11 19.6 0.0949 260.0 427.9
,

12 10.6 0.0820 257.1 443.3
( 13 18.6 0.0318 257.0 443.9 ''

,,

e-
ojos 14 15.1 0.0707 24?.4 513.6

i

*
'

I

.t }

6

t

/e..4 e

O(r
* *-

;.

.y
. .

; we. .
,

1 ,

4

%.N|



-

.g .y . , . . . .. - -, e . ~
. q-> .

w;s
.

w .. # .
'

, _ ;, . . ,
.

,.

, V![ . g. '.'.oi; k, m , ( *r N, ,'.,O.
~

3: , ? . '* *

.%*d s,[' , N ,,,,,1 i,i t -.

;s -..
-

.-<
. ,.,- . n a .as .'h , t '' , y

s
-

,,z %"n.;M ~. 5 ; > . ', + >,
e * *

- n.; @g,@: r .a . % _ t

tr
'

'

at ,m * . . .e . .

,, , , f %,7 g' '
; , i .,

.. Mf, w w ve f.; Q . e ,.s. ,M y.iW ; M , . c * ' ''
,- 1 y,..- ' ,, .v. : : . M; ; .y , <

.

Jq '# ,.

~ sh . . o~ -
. -

'Wh.xu; ".M ' / p ,' ; ..L..,.- ".,.:''- A'J' ' .
''.' [ < J ?< '

k.. - - o -

< .

.( W &, .
. , .. . . 'u% Q .a k '

* ,

* |-;~' ,*d.** ' ' '.
, .

3
,

.

4, y v. f.W. >, i . n w. > . ' Ua.
,- n W. . W - -; 1-yv, -, . , .,c , 4

, .y - s
, . . . - i, o. - .o 1 r n

.a,vs p .a .. . . .t - ,n
. .r T,La W,

,

. (, . = .j .
-,,

. . . i. .

- u. ; e,, ,,p. - ; 4
a ( L l ' , ' , } ,; o .b #i e .- x ,, ,

a f* ,

- . \ '.= g: " r. ' i. , , . '
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., NOTE 1.eTHERE IS chole FLOW AT STA110m 8 ,. ,'.t .

' ,' -

1 , e, ,F;; ,ct,~ g ..,

,t, - , ;g
.e 4 . . .. . -

-

. . -.
*

. p [~ ~ -W 9 FLOW
, . . , . .o ,.c 1;

.' ,, .; e $., e . a .m
f 'O d' ANCLE %' "l 't ',,.dP 9 *'/ g!?)~

4* 60 12.060.032 .
DP ACROSS VAtNE ? ,' Tacro -'" Top ' 'O ;' 4 i'

l' ''' "M-6.05 F 33.626 1.3as
'' '

..A.

Jime v 4 -g;

f;(p- b[:Mi % PfRESSURE [ DENSITY O TEMERATUREfVE'.0 CITY
, .. .. . ,

. . ,)| jdh.-|6 g *
. . _ . , u ; -

,f~* <'3. m,
.,,

'

~1 '

44.7 0.1530 370.0 4 ' ' ' S533.0
t. 2 y. 0.1386( yg m " V; . 38.9 ~ a n 317.2 506.6

.

- ,

' "' * ' . c. .
,s. , j' W . . t.!.

.d. ' u 3 / c
. 4

,, t , -.

_0.1290 308.9 d' 626.4 * t'e'3 35.5 ' '' ' ' ' '.

* * '''35.4 0.1296 309.8 626.4
* . " ''

,"".n
* ' *4

1ge- 5 . . 32.0 ,0.1207 w.'300.2 670.4 .

* ' If ' ' i. ' . I <, ~ k' i';i '
.

,- ..,,' -,,

.4. j ) . .~

y ...w.' ,L i ' O.1177 '. i . *. 297. 2 ;' s 684.6 ^- ,($ , [ f a ]_'(.,,30.9 , - '

d h," ' M*,'s
- * *~7 ' 30.2 0.1150 285.2 693.4

8
.' - ' - . 9 'i J'.29.0

0.1124 291.7 711.85 . , <~

41.i ,(I15.0 0.0704 ~~ O .242.0 L J1128.2 h ' |t . * . ''1 7
,.,' '

*')~'' - '-,#' h z
;;; U 10 22.8 'O.0946 '

272.3 372.1 ''~'

'h.t 11 22.8 0.0946 .- y 272.3 372.1
^ < - ,.' / '0 .*

- , e , - . ** c.

O.,j"f[ h - k.2~
, ,

C ' C, 4 ' (12
. h'.', 269. 8

. 496.8

* ' 22.0 0.0924 380.9 y' ;.3 -- C-<
,

* ' ' "# 13 22.0 0.0924
,

?!9.7 300.9 '*

y(n ? i r., , . 3 4 _ .;,15.2
. 0.0700 242.5 r

+ 15 D R.'14.7 -,~,0.0694 ~
' 240.5 $ 504.0 ' 4 "> y>. ,; f ., 3. .. 4,,

: - < a e
>

4' @W, ~ W. .s '

m, , . e, s .p ..

N, s ,t -

% ., ,
-

( i V- ANCLE b,..i FLOW , , ,' Tcp
, , .

vf' . '
.

'. 1! DP ACROSS VALVE Taero' *
i t-M # , i , '' s

'

,

s. ', ,q , 50
11.280.159 13.42 15.344 2.6'4

i

.,yy
... PRESSURE ' DENSITY

.. . . 9 ... e-. ,,
a .ff(i'"y y 5..

5- 1" 44.7 0.1530
. TEMPERATURE (VELOCITY . p' ;fe ,@

, , gg g 3;.T! . , i, > 4 t

33 1 . 498.5
,

- m ._ 2 39.9 .0.1410 319.4
312.0 ^

;539.0.* .

568.0 , W, -pe- .Mbis!C. .t an23 ~,/,.'37.0 0.1338
. , s37,' , 5,

'

1. y' , " > ,> l
4.

'' 4 ' ' ,

37.0 O.1337 ???.7 K68.0 "
I

d.k @t
.5 34.4 0.1269 306.2 . 597.0 . . . . .~ |.u

13 , h. . + , )If'4 33.5 0.1245 ;303.9 !!^604.5 1- ,i'' s*

'/ M l-3 --'
., 4'n - s

> '

"! 7 32 9 0 1.2.31 31'.5 611.4
. .,

- '

>

, 8 32.1 0.1208 300.2 621.5 . ., a; ' * ) 7, , ., .( 'I; ~ . 9 23.7 0.0973 /275.3 767.7 -
xC ' u |c .' - t

' '' ff 3 ,;C . 5 '4,

10 '29.0 0.1124 2'1.8 294.3 , ,

|. '

'12 28.5 ]( 0.1110 . * 299 2 298.0

11 29.0 0.1124 ,',. 291. 7 294.3
3 ((m ,

, . . . o,- g' y j e , ' g 4 , . 7 e, r M v[ * y' p
vi g H..,

+. .o P ' - u
' ., . , .., N 298.0290.3 *' .

-

q,,

e 13 29.5 0.1110 '

1. 14 15.1 0.0705 242.0 480.6 *
.oc. , , %- *

'i ' . . - :s .
"P",d %''d I@W .

, sO *'' . 15 14.7 0.0691 240.1 ', 490.3 P ' ''' '''

, ,.'i- NOTE! THrPE IS CHOME FLOM AT STATION 13. ."
,,. ,,

Q'' .. {f't ; # 31 ii.. - . .,' '3: ' Y. ) *; ^; ' 1 @f y .,d'y*
.

ANCL E FLOW 'OP ACROSS V4LVE Taero .T3 .
.,'r *

* '
' ' ' ' ' ''

40 , 9. 30 J, 5 ts b
O

, 21.0Y e,570 4,141,
' , , , '

4, -
' :.':PRESSURE DENSITY ' TFPPERATURE VELOCITY '

'

1 C4. 7 C.1530 330.0 411.1
.,

O 2 41.7 0.1456 323.5 430.8
,

^ W..

*3 39.9 0.1413 319.6 444.1
*, *

4 39.9 0.1412 319.5 444.1
O 5 30.5 0.1377 316.4 '453.8 ': . ,"

' '
r

6 30.2 0.1367 315.5 455.4 -

7 30.0 0.1363 315.0 455.4 .,

(, 9 37.6 0.1353 314.2 '457.1(
9 33.2 0.1230 303.2 497.5 -

'R '

. .
'

r
'

10 36.3 0.131v 311.0 206.9
O 11 36.3 0.1319 .311.0 206.9

,

'

.

12 3A.0 0.1312 310.3 208.3
13 36.0 0.1312 310.3 200.0

. .( 14 14.9 0.0700 241.3 399.2
- '[ Mi'

,
, -

15 34.7 0.0691 240.1 404.3 ' '
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'[ . NOTEl~iHERE"!S CHOME ELOW tit' STAT 10N' 13~~~ ' ' ~ ' ' ' ~ ~ ~ ~ ~ ~ ~ ' ' ' " " ~ ~ ~ ~ " ~ ' ' ' " * * ~ ~ ~ ' ~
'' , '

'

r;, y. . - ;. .

*

, ,

ANCLE. FLOW DP ACROSS VALVE Taero idp<

C .

30 6,460,352 26.57 1,701 5,216 ,., .- , ,
* * "

e *
~*

g PhESSUAE OLNSlif 1(MFEkMuhl VELOCIIs
|(' '1 44.7 0.1520 330.0 285.5

*

. ' . .* 2 43.5 0.1500 327.4 290.2 .~ -

3 42.7 0.1481 325.7 293.9
() 4 42.7 .0.1401 325.7 293.9 *

4 4270~
0.1447 324.5 ~'295.9 ' " ~ .5 42.1 '# I''"'*

0.1464 324.3 295.9 .

( ;7 '41.9 0.1462 324.1 295.9
8 41.8 0.1459 323.8 295.9

.9 40.0 0.1415 319.8 304.2per,
' 'J(< 10 41.5 0.1451 323.1 131.5.' ' 11 41.5 0.1451 323.1 131 5

"
s

,

12 41.3 0.1440 322.8 131.8
(!**- t'13 41.3 0.1448 322.8 131.8 '

14 ''14.9 QA9% 'S40.7 ?79.2
15 14.7 0.0691 240.1 280.8a

( , NOTE: THERE IS CHOMC FLOH AT STATION 13
..

,

I' ANCLE FLO'W DP ACROSS VALVE Taero Tdp .

20 3.184.353 29.52 259 5.799 ' ''

e

at
f

- PRESSURE DENSITY TEPFERATURE -VELOCITY '
''

1 44.7 0.1530 330.0 140.7
2, ,44.5 0.1526 329.6 140.7 , 2

(. 3 44.3 0.1521 329.2
~'' '141.1 *

f#1'
. 4 44.3 0.1521 729.? 141.1

CVa 5 44.2 0.1519 329.1 141.1C'
4 44.2 0.1518 329.0 141.1 .

' '
* 7 44.2 0&J 8 3&9 141.1 I

B- 44.1 0.1517 320.9 141.1
( 9 43.8 0.1509 320.2 141.5 -

. ,

10 44.? 0.1519 329.1 62 3 ' ''

11 44.2 0.1519 329.1 62.3.

# (. ''' 12 44.2 0.1519 329.0 42.4.

s .

13 44.2 Q d.5_L9 3&O 62.4 ' "" ''' ' '
- 14 14.7 0.0692 240.3 138.2 *-

O '' 15 14.7 0.0691 240.1 130.4
NOTE! THERE IS EHOME FL O'1 AT staff 0*J 13 -"

o _ . -
- . . ,

,

M!DL E FLQW ~ DP A ROSS VALVE Ynero Typ * ' ' '~

10 1,624,705 30.06 27 5,90'

PRESCUPE DENSITY TEMFPATURE VELOCITY
1 44.7 0.1530 330.0 71.8

O 2 44.6 0.1528 329.9 71.8.

3 44.6 0.1527 329.8 71.8 *

4 44.6 0.1527 329.8 71.8
'O 5 44.5 0.1527 329.7 71.8 -

6 -

44.5 og27 * 329.7 71.9 *

7 44.5 0.1526 329.7 71.8
O 8 44.5 0.1526 329.7 71.8

9 44.5 0.1525 329.5 71.8
10 44.7 0.1531 330.1 31.6

() 11 44.7 0.1531 330.1 31.6
12 44.7 0.1531 330.1 31.6
13 44.7 0.1531 330.1 31.6

( 14 14.7 0.0691 240.2 70.5
.

,

ygE 15_ .14.7 0.CA91 240.1 70.6
, )

*
NOTE: THLkt IS CHOME Flou Ai STAT 1rH 13
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Determination of Closinc Times
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IIOTE: Positive torques are tending to
open the valve, negative torquec
are tending to close the valve.
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DETERMINATION OF CLOSING TIME

VALVE SIZE 2i VALVE CLASS /70 /f0

ACTUATOR 33oy2 S Bio

Fu4mlDIRECTION OF FLOW
-

,

ACTUATOR TORQUES (IN.LES).

RUN 2. / / i ')' BREAK 3789| SPRING ENDING / O 't / O

. ACTUATOR VOLUME 'f,0 / SCF ACTUATOR YORE RADIUS 3. 3 f IN.'

ACTUATOR PRESSURE 14 PSIG SOLEUOID VALVE C 9y
I

MEDIA 4,V VALVE C A 3 */ / 2.y

HYDRODYNAMIC TORQUE @90 /2 7ff SHUT OFF PRESSURE DROP 3 O PSI

[') . PACKING TORQUE I 2./d IN.LES. SEAL TORQUE 8/ 3/ 6 IN.LES.
,

STEM DIA. t, o IN. GAGE DIA. ?_2 37 L-. IN.

INERTIA 0F DISC ASS'Y 3 3,2. LB..IN.SEC dt ,/ SEC.
.

.

3
DEG. DE"SITY (LES/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)

10 ,84iL- t' 7, D *|:, S, 9 [

20 .0L9f I31.3 19,8'O

30 ',o708 2 YP. ) 2 9, 2. L-

40 #073% 394.4 17, 7 f

50 . p t0 0 G S. 5 21,l+

60 . 69er C 3 t .1 /4,27

70
-

10 #f 47/,3 9. F 4-

80 , / 2 2. et/,?_ 2.,17

90 . / 21 C t /. 1 2. V 2
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(- Tl4C VALVE IS IN THE FREFERRED CIRECTION f

Trun= 21195 Threata 37091 ispr ar.g ecc arg= 10210
(. ACT. VOL.= 4.01 ACT. YOME RAOIUS= 3.38 ACT. PRLSS= H0 SOL. VALVC Cv= 8

MFOIA= AIR VAf Uf" Ov= 23412 HYORU. TORuur P e0= 1275R SHUT-ta r HSS. DROF= 30
PACHINt; 10ROUF= 1210 SEAL TORuuE= =316 Oste == 2 Ogage= 22.352

e INLRTIA 0F DISC ASS *Y= 33.2 d t = .1 ,

i

OEC. 10 20 30 40 50 60 70 80 90

OrHSITY .0692 .069% .0700 .0739 .0960 .0905 .10'0 .1220 .12?O
VE'IFC11 Y 67.0 131.3 255.1 396.4 530.5 636.1 671.3 661.2 661.2f., FRLb DI<0P 29.94 29.00 29.22 27.79 24.64 19.27 9.80 2.47 2.47 4
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MAXIMtm ACRUDYNAMIC TOROUE A9 VALVE CLOSES IS .47922 I N. t. 0S. e 90 DE0 errs -

|' ( TIMC 705_0_UE TOROUE TOROVE TOROUE Tors 00E TORQUE ANCL f* DELTA Pj sec tend to open air sprang flow pack ang & seat brgSanertaa degrees pst
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%',f (. .
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0 0.50 0 7511 -9932 -1 726 1767 7.50 29.95

04.0 0 76A0 -10091 -0 726 17AA L 79 29.07

|s.
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7. ,< VALVE ASSEMBLY CYCLE TEST REPORT ' [ p ' t 'ci.( -)' ' } .
,

.

,.' .- PSI., VALVE SERIAL NO. y
% W:& Q si \ . ' v'. & T.1 ;,*'F'V ' ,~ ' , . TRAVELER NO. 'M ' . m .m o

,, -

.H :t - '*.'hg ,:m . ..- y u ;~ v - -< . L y i. % 24}M.:.Q." g y} z,9 , n g,. g'
c <- - n z..,

-
flUSTOMER *:. - .w . . . .

. PURCHASE ORDER NO. ITEM , .e TAG NO.
,

c . e. eq. w. ,.
. .

s,,e. i . .v . u. . .

g q d,,7 .:. g.o. t,Mg,
- .. . ..OAQ.A h6SoG A C. .-9 10~2 tC ~~ '.m. .,3.-- m.,

*
,~4/

2 OPERATOR TYPE -}t
,.p. MANUPACTURER SERIAL -NO..

. .
,4- > . :.. @ . -. w . .'4a yy m;. v ..< m

M ak g + "p, . .2 (s .yp' 3_.q- Q Q
.

m.g.y% ~ 3, , 9.,.7 m g ,3 ry e ps
i'

. , , ,.*

-4 s a.. g D >

. . . -

yw:.c.a. . a.x .;n't.d s\d ya
'

.

a . . - a:e -

.. . . .m,.~

2 ' M [3- ' W Y. f. 'M' .*$w;}{'Q.,. ...
. .

ACCESSORIES:' . (Q, ~ # .-

,

.u.m ^. .e .m ~...
. _.

. v.O.0 M] ,D! CYCLE TEST REQUIREMENTS PER SPECIFICATION:
d.)Lb 4 :~ W - O(p

' ' *" Y /n '

~.. .

p . ... ., <. . .~-

a w.w.w . ~.m '- p.. .o .' ' TEST CONDITIONS *, 1 . ' -, ,b ..N A ,.%.&.? *
. .

. w m;ms . . :w . .: . ..
-

.. . . ... '
--

1,''Each valve shall be cycle tested with the . specific actuato'r which Oill be
byf shipped with' that. par &w valve. ~ Pneumatic actuators are designed for ~ kp., MJ* *-

.

. - '.. . N ',

M' operation between 80 and 120 PSIG air but shall have 80 PSIG air supply ".'. [h. . , .m.Y:3
a .G. , for. .this cycle test. L'". a ." .' .n.' . 1. :- ' - &N. . . . ? ; t .'.' .R/

'

'-s ".
-

.; .n . . . .. . . .

. . . . , . . . . .o .. . . > . . . . . ?:. .s...u,. .
,. .-

2 T Each valve shall be cycled, open and closed, .three (3) .tirde's with'its' actuator. N N
.4 ..

^[,
4;.h closing segments of the cycle... rValves with pneumatic actuators shall be timed during both the opening'and - C ,
.

.

Valve opening time shn11.not be greater than i M.-
Sk thirty (30) seconds. valve closing time shall not be greater than six (6) seconds'."
M Limit switches shall be set at this time. During the cycle test, there shall be * .a'.

Q. , .b Each pn'eumatic actuator shall be shell , tested to 120 PSIG by applying'4'to' the'. -
, no birrling,' rubbingj vibration, scouring or ItalfQnctions. ?q .6,;.9,7.:. . 'y acy..'. p].

.. . . + . . . -.

. 9'
, .

C. R.

C) %m appropriate port.' A soap solution shall be applied to all joints to detect signs
air

.:.
, , ..

. - . .. . -- - , . ..

.s . w .v4. ;..._ ...
.

4 Ti 4
, ,.' TEST ItESULTS

- - -
' '

i * f fMr. P J s., gyp.7-

.

railure.dle: b
. -

b !
h..:.. . . x . n. , . .k.A.~ b

' '
'

*
'

.

n, , .. . . i. . . .: . ..

.
. , . ...

.. .
. .

. ,.. . x... . .. .
. m.. ...

Mr. , M. . . , .. . , . . .dt
2 Fully Oyn to Fully Closed: Fully Closed to Fully Opened:

.

.

.
, , , ..

-

w 3,,c .
. ,. ,. , o. . . ..

, ;s...
..

.... First time: '8.P seconds First time: 2 0 ,,.3~sesnd.s'', ,D.' ',. G
'

.
.

. v.'

' Secoirl time:_ .?.S seconds Second tirn: Q O. seconb . '.[. 3.-. .
. .

5 Third time: - &3 ~ secorias . . Third' tima: , 2. 0, /
' seconds. % ~ 4.'. ' . ' .

.

.
.

\ q ..
. - :<. .

The actuator shoved no signs of leakage during[the actuator shell test. .~ , . , , U ' ,'
.

3. 'J
. . . . ~ ,.4. During the cycle test, there was no binding, rubbing, v,ibration, scouring /.$. .,iI'

or mi1 functions. 1 '

, ,. . . . .. . . v :- 3*;;,.
-

r. -

..a.. .

' 5. The cycle test and actuator shell test were performed and cxrr.pleted 3 .' m ' ' ,.;
' '

satisfactorily in accordance with all requirements per PSI Specification *'
,. 7 .

'
No. 16204 TP-06. '-

. - ,A,.
.L .s.W.,,a f,.+gec. .

n , W .:.
-

|
,. .. :, : . . - . ....., . . . , . . . . ,

.

e, 4.
.. s it

-

s. t,3 .
i c.

, . , , ., .

.~. s..
. ., . = , - . .

.

. . .

. . -

O ( Q. ,. . ..

% P.
-

q.

TES'ED BY DATE., INSPECTED DY -

- DATE .
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4 .s valve diameter, the factor F is uti|ized in the sizing equations to account for additional friction losses due to w.":.-

pu

;M.e,:f piping reducers or expanders directly adjacent to the valve. g".:%, , a y,iA .,1 A ,' d.y'pm p.: . c . . . L <cmW' '.s.;.s.v<M
g 1.

.. c o

. . . .. , /] . . , , ... f nSm
' ' , * " '.. L ~ un' TA ,, { o,,, x E%u % i -IL .C a, c c i c ),

. WHERE: T *' 'T .\.

4 ' :.'. ' '-.

s/. s@" r ;,;. ,
*

-

-
< 'F. -as./., ;, , _. .: . x ,. w . .

. -g~c ,- - - . . . - ,
. .,

. ._
. - ,,

,7
-

< G ', Y . S , < [.. ..
,

[,;,,,':y, ' F- ,' C'vp
~

Cvp = flow coefficient of pipe enlargement and, . , .
. . p * * " " * " * " * * * * .**d #U'

':, W 7'.,
h, b M h

i ' L

ww . . C'v + C'vp s .q cf . ,- <; / , ,- .-d "ga - , +9.; .,

Cy = valve flow cohlbeier 3,k N
hhMc.|,~fifyy[mm ;c -..3 + < %,yg[g ; , , [G ; y g :. 3 g _; g Q gy:gtp. .j(.

' q :, g,

n

Cyp = 29.8D8 1 - D '= ID of pipe equal to valve size, inches 7:6:Li.
~

_

QUA 4

.- :p .< . ,.n-
,

n,. . 1
. _

r .oir - y, .,;._ m g:4 ; u;;g ; m a r.>

.- " , , 1. Oxys+*5 1_ -
3

wm_3 s, ;:
,

,

.~
-

.

D1 = ID of upstream p.ipe, inches .!~ ' t-
.e. ..

i " M,
* :l;g ,L D'2i L _ D'11 , ; | *'

,,
ID of downstream pipe, inches .,.< S, - - ,

D2
, .

"
,' =+

.

.'
. .; , T.. . , ->

.

a.
.,.

'

- ,

,
,

. .$ ,.
- ' ' FIGURE 2

m c.

FOR INSTALLATIONS WHERE D1 EQUALS D2
-
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It- i
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e-. ', ' WHERE: <

| - -

|
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. .

D = ID of pipe equal to valve size, inches t'.;;g . - - Cvp = KD2 ,
,

,, ,

/ '

J
,/O K = Refer to Fig. 2
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'

.
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..q%;& 3 ~
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3: , :;- .
. n,,,,t. . - e. -z . 3: ': '

,j.
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:

rd., .
_ , , i,

, J. '
. ..., ..

, . ' * ' ' ' '
, ,

,

~>. < . , -. , ,
g.a ..

',44
.

.'.C A. VITA.,TIO N
- '

. . - . > .- . f, .
. <-.. , .

L 'D'

, .
s . ,;P, :c, r < n;.

.s

. 4 ., .
-

.w rsm .. w, w .
, w,,%; .

.. ,,o i- r.a..;... .a , ;, . , ,

Whhn flowing liquids, cavitation can occur at certain differential pressures across the valve. Generally, , f, %.4/g
c.avitation may not damage the valve but can cause damage to downstream piping in addition to creating ~ gf W< :., ..

.. .

cbjectionable vibration and noise. When the differential pressure across the valve is greater than calcu- ' 'pgp,

, e. . ,g}, .. .lited by the following formula, cavitation will occur: ?, < , g g .g g ;-f .{4 ;gf{.
'

,

M e.e - c MQ P.x . .? bi .
' .n a, - ; , J .v. h.e oq. , y,

r :b '' W ' ~q ,..y y n, %W h M.7,. ,. %
.x >M .

' ,ee . . > ., , * <
.

W'Y
5 ,

n c ,c. g . s a. - _ . WHERE- .' ,'6'
'

,7 a.o . '

;- . .. w q 4. 7 m .,. , t,,50.. yy
a

. , , ,.As ;y 1 -m

,..j p. a . , .. , f, . , , d ' W 9 6 ,, g, ,u 5~ d.; b
,8", (: . T A. f:O" ~, i

=, ; - -= %cn. . s .f,
- " u U ~' ,

s

@ M [. M y M a.. a.y . APT =, Terminal Pressure Drop (PSI) maximum
|LINE SIZE VALVES Y -

.)$ APT ,= .8 F2[(P -F P ) ' N- N$ M.S i h r,.- allowable for sizing purposes, above which {]R * 'hg{ ,*].);;. g <
O Y. C.S ? =% J '.

, _

|
'

''

j py ,

O. cavitation will occur. ",<,g .+ 4 .
- - '

-

, , ._. . . ,

A' .7;;,' 'cig.n,ir(,4 ;.pff.: g
<ce <>.1. ~

. [4 . -03 s. / r':
,

! s .s , .{ 3,/ yS-4 :5 4 *4' . ,,. q,, .,,

.| VALVES INSTALLED . W .' } y f , _a. Fp Liquid critical pressure ratio, Fig. 5' = -
.

,.y n.
'

,:., .- .., , -
'

, , 3, . 7 '; U?:J.1 ". ?. . ~
. , ' .

..I.ETWEEN REDUCERS
, , .

,;JP' - .s . ..

, u.is. ,

L Liquid pressure recovery factor, Fig. 4 ('
. <

' ,, Ft v.g .. ,a . _g .. =-

7.- ...,
'

.

g.3 .
.

.i..

7pLP3 ~ ' -

Upstream pressure, PSIA. N
~

J
'

. ,
'

p )
(p' 7 AP g = ,81

-_pp) P = - >

'3 ,

,,A e -: ( F .s . : .
%, Sm a3a y ~. . ; r -

,
-

, ,

Vapor pressure. PSI A.' Skt '% b h.[h :.>f . , ..a . .

u; S ' , ; Py = p..

E <) .b B.) th 5 /s k hr.<' / - f..// C, .,i / < /,'c ,,
. - , . . .

', 'q',2' '

e .o, . . . , , , . . nr.. ; . . . , s
.

Any increase in the ddferential pressure across the valve will increase the amount of cavitation ond begin ' 7Q N/FfD
to hoke the flow. At the differential pressure approximated by the following formula, the flow will be i . ., 'ii

'

s

G %r' d.
- './ ?

. WHERE:
,, ,e ,; __ ' M@t w(y %(-

'. , t ,~~
d ,; |. . . -.

' *. S..
i ,w.

. . . , p' . v
,

L g py AP choked = maximum differential pressure g y; ,NAP choked = F 2(P -F P ) o
.

- 4

n%.f. _ , , .

. ,a . -

. . . s.
,s .o. . .,

.,.t w J", ./ ' above which no further increase in - y.*U'p/e . C F 2(P -F P ) . m sl 1 FV
- > n, ! gW^ jy. r LN.) 'O ' '' n?g Eh

, . v -

r!. .* e -b . flow will occur.~ GPM =: V
h %c % @t

N'
.

11, v."
.

$9' ^ # $ $e f;CHOKED G : <p,

. h. / FIGURE 3
.

-

.. -j i,
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w.:. ,, : 1,,_ ,
- . ca . . , . . , . ,s. a4

U i, p'. -
'

u. .m . , .,

q. .,.s. .

'

,'W. , o. gf ' 1.0 y ; i .

,

, ,,
s

.. ,
' - 4

dyp 4~'

vy /
,,, -

| | Re = 123.9
, . . . .

. ,,

'c' i 4LL / '

"WHERE.
o

. _
-

.5 s-
/ d = Internal pipe dia., inches.

o /
2 /
E D1

/ v = Mean velocity of flow, FPS.
[

E ,/
_

!
'C

| p = Weight density of fluid. pounds per ' ..

-@ cubic foot. . ,.< -

|>.
1

,c '

/ ''M = Absolute (Dynamic) viscosity ~
'T ,...?.*'

centipoise. ~ '

.

: _ ') 01

1 1 10 10' 102 10- 105
.

. ,

; . Valve Reynolds number-Rey '
.

3,- .

,

. ,

w st ,.
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V.. :J SIZING FOR GAS FLOW :|f,
~

4 ~\.
.

, g , ., c, f| ,
.m , .

_
.

.

~ : ., .;3 .

+x. n . . . ,

.

' WHERE- v;
+ .~

DCRITIC AL FLOW I /*

O ! = Flow .in SCFH t.
.

- ,.-
' f ,. Flow at flow conditions CFH ,", .

- y7
. , ,

.

X Og =-

,\,1360 FpC P Y Piping geometry factor (See Pg. 3 of 16)O Fp
,

y j GT Z y,
g o ..*.

=
,j

. -
, <.,c

x.r;. ..x .

f f N: g' v.
a "<,

.i. x . , p . ~ ;- .;

Q.' v.R . '' M . og 3 %,. . .' :Cy j = Valve coefficient (Tables 7-10) .g*-' *
y'

,

j': f' '4 m. .7 ., , , , ;; '. ;,y.* ~

',M; , 10
, O

,,

Sgf. j, , Pt Upstream pressure in PSIA ,y! I AcL,
' ' ' = ,

, .
c

C yg , , , ' .. p. ,p. 3 .g,.,, G g.yy .- ,;. ,

, , , ,

Upstream temperature in 'R ' o''

e[J "[fkY
u

+ H. ..
O>, 'o - .T1 =

m ., % . - a ,> ,'a 4' , ' . y.
'

'!.b
, '4 ~

s,, ;. ,

%.y1360FpPgY GT Z o 460 + * F=

w .1 m ' , . s 7~. :
-a.c r R., S t n *Ji. f .o R.,;u.. : w , m g ,,,e ,rt

, 4c ' <

3 5 t, ,y4 q , J, . L ,) *g,

*
. i :. ,, ' c;: *. ,

g~,fy
*

'7 .
f . ,-

.
1,- % .2 . " " '' ' ' ' Fig.10 & 11-most application, Z may Y f. O:i.,;$;O~ . }[:% ; ".p" 2 .' Compressability factor (See Table 3 or N'"

Mg ' '.. | .
=

,

fly- ^fp1[yti
'

4

L' '. assumed to be 1.0) ,,,.u.
-

':f',*'

f 520)' . - ,,, . .m ,. . . t

, .s',<
. -vn -r n

,
.

jp
'::e '

-

, W'- m-'
' +- . +

'O = Og
-- - -;< .

i 'G, , ! =' Specific Gravity ,o
7:'',

,
(14.7j ;( Tj j ,,., ,-

av ~v
''n r.; n' ;! . 3

.

c.'0'y'>.,
-

y - t +?.' ' '

.
_,7 .

.a. , n '-W. t, s .. .,

.~V- .$;-
- =, .

Density of Gas at Standard Conditions ',!. . ,

.,LW l. ' ,
. ,

>

> f-.q ., . , ,

"7Y' f
- - Density of Air at Standard Conditions S .'

-

'' ' ' b IN ; p g t/ S f. ' (See Table 1) c
' "

'' +. < '[
'"' C's ,

b.di h. ..s
a' '

-

.;'- \I'|- ? n.
-

'a

'

53. 31 ~I8
,

X = Pressure drop ratio = AP/P3 ;.e

U - -

, g, f3r,p;{,M.ggj;,4*.O : 3 ;j
m,.

sj. .g .u c. , , .

:7 .'

P "= Differential pressure across valve in PSI ;? . i,M>
* ' ,,

0)' |} - (l' **
.

, ,

' . Expansion factor' ,3- . /| ' ' , j) " - |17 '5 6 b 8 [ [, j Y = s ,
,

,

3 ,y.
-

:.: .- c x
- -

. , .

-c n. ... . '; , .
o e,

-y=1. ;; 7. , ,

g ', p' I'A, , ~C

a , ,
' ' .

'

' 3F XKT . a.,
**'W a, c.w.. . . 2 .

, cq>

'.,4 ,
. * . , , ,e ,r,

..
.,

, , , , ,
- WHERE: + ,s.

., p , ,i , a. .. . . -suc m .m,o. ss f: y ,. .s. c . m _ .p.z . .. . ..

,

.
. -g. . - - ,

,., ,
-

,

'

tyi v; , y,
.q ,e :r . 2 . ,

,r ' - -
s ,, . . . -qt = Rated pressure drop ratio factor

' :,.'

XTf- ,. c'

.! &> . ,:,. .
.

. . . ..((See Fig. 6) . ,.!;/, . .s ,- 1 ... .

tt y> . . .; - 3.; . +

~

Fk ;= Ratio of specific heats factor (see table 2)
STEAM FLOW = K/1.4 '

= Where K = ratio of specific heats.-

,

- W = 63.3FpC Y / XP1 -
'

,y
,

. -

| v1
> '

WHERE: ;

i OR
W = Flow in Lbs/hr '(;

' W I
,

C=
V3

-

v = Specific volume of steam - -

63.3FpY / XP1
.

upstream in FtVLb r . , ., a -

V1 (See Tables 5 & 6)
'

,

' W
.?

Note. For values of K for steam (See Fig. 9)
.0761G

- 3
.-

m

%

e

., ,. - --
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'
. .,

sr- .- r...
4 p, .3 .p. . ,

..
- > , .

,,

, .

-.. . . . , ,

- p;, c,

O , y: L'.< |g.. , 3Q. u. ".
y- ;*r?- 't-

..,' '4 " n < :n 'n = > ~ ~ ; 'u . ,
.,

4, w. t. g- , n u--

,, . ,m .. . , . . , , , .

,

.ym .. ,.

. :.g : Q.e
,

. ;.L,:.f: s
''' ' '

f -

. .,

- ~
., - u,; r. , .

1

.e.'. CRITICAL FLOW J :. ' ' h - - !
=

.

%,.

.,
#

.s. .n , s, ,

, , . '[ '' Y .) ,Y..g ( ;+ h
A t.4 1 - gn 6 ^''

,
'' f*#' ' * * 5 ~AI~ > - - , - *p a ,, 's . rj , e p
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.. ,ws . , . 1 t '\. 4 1400 r .p- \
,

,-

,, . \, .
.

* >
..., .

qfi 1,24 - ; .;' t.: ;> ;.. .

t ;<
.

- i
,

>

i \
'

|, ' , '

; -
- .y

,
'

, .
,

L ' v: -
1.22 . . .

0.5.4. ..,, ;- , / O@ a@' " - t -50 100 200 500 0 02 5 10 20' ' '

N@ >@ . ?c - D, ; 9,. ; y. ,I.
r.,. ,,, ,

, _
F - Absolute Frcsture. Pounds cer Square Inch ~"<'''-,a*

.

n . n '. .. , . . ay ; w'; -
4' .q;f(. ' '3 .. - . .

., , . , , .

TABLE 2 * , J, .. . . , , g'q;:,c,;i .;2 ;y.
< . . ,; ,

. ,.
m ',1 ;g

.*

" ' # W " y" - t
-

s ,, t .A .i / t. f,

-J' - VALUES OF K FOR VARIOUS GASES ' ' ' ' '~ ' W d ' ' - ' ', ' '
.

+
. , , ;g w , ,' '

',
,

>
- ' ' * ~,

' '1
. Name Ch( mical K . ~W

* >
'

I :o' ,

"

of Forma!a or equal to ' 4

<
,' ,.

,,

CP Cv.- . Gas Symbol / 4-

+

Acetylene CpHg | 1.28
^ ' '

,'
- ~ . .

'
- Air - 1.40

Ammonia NH3 1.29 ,

Argon A 1,67 ,

Ca;non Diorice CO2 1.28
*

Carbon Monoxide CO 1.41' s

Ethane C >H6 l 180
Eth,tene ChH; 1.22

'

FFreon' CCLp 2 1.136
Helium He 1.66
Hydro;hloric Acic HCi 1.40,

i 1.40 FH>crocen Hp -

Methane CH4 1.26 ,

'

CH Cl 1.20 .., , , 7Methyl Chlorice - .

3* * * ' , ,..

Neon No 1.667 .
''i R'"

I
Nitregen | Np 1.40

p,.

2.7 Nihec Ovide NO I 1.40 -

| 1.26 .(NONitrous Oxide 2
Octane CgH s 1.046 if - .*

, ,.-i
',3' '

. Oxy;en Op 1 40i
'

C Hg | 1.128 <
-

Propane 3
Suic.hur Diox:de SC, i 1.25 -

Water Vapor H-O 1 32?
' '
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,

< <

y@m;,A gy , ,, .... j ,1 a. gg
-~ .. r :p- , - u * ,W

W n I9. 7
p'

'

QM;Mc
',d, -TABLE 3 @

" ' c*.' t ' .
.g

.iis '
'

, . n.y,

5. .
m ,. e - .x. , ,. .a an, s

' a. ', ' c """ SS S'"'''" '^ '
.

,,
.

"S ' " ^SO C,, s ,W: l(-

..
Pressure - O . ' b,, s ? |.y! 'n g., ,J;..y p ..

. c;; -<

'
s . .

Gas ~ atm psia -100 F -OF 200 F 1000 F 2000 F 9 - ; . '. e ; . .
.

46? . L i %a q.: n.;8 v ' +

(m m yt', . J.1 y*-
Mr

.

Argon 1 14.7 0.997 0.999 1.000 1.000 1.000 .. l.,
g,4&%q -Q,,

,

M t h M ,E(A.4
, $' y. [e

', t j( p W .1 '10 147 ~ ,0.970 0.987 0.999 1.003 "1.002 J^ J' M / O l
,

-r e.g W f 4W*

" #.s;1. :d .ae .p*.
' $t x , , J' , '., y. . ,, ?'? .<

D@%e ., ,[ [, a, -f.,E'; M. :' , , ' 'p .100 ,' ,14700.690 '0.887 0.995 1.029

-

y
- :>

40 '588 0.877 0.952 0.995 1.011 1.009 '~,4.w a s, <

'
~

1.022 ' 'M ' .NM$.m .Ym~mnw ..h g w w.; :;.n. , , . . . ,
s : w r+u 3- . p.: .m.x w . ,

.

. ^, , ,

1.000" 1.000' '.' ~2/%[$5Nk-@>
, .

,

[hhhMg:k.mQ.Z':'i .)7 ' @, Y' Carbon '. W T1
14.7 0.997 0.999 1.000

'

1.004 L 1.003 .M.;. ]M|jjM i M'Y ! monoxide 10 [147 , 0.973 0.991 1.001
'.. A!d4,h%s.

,

,s ; 40 588 0.967 ,.1.007 1.017 . 1.012 .a,.4.a;fi ' h- A 1 x. , :r:l .Om u .; m .v. D :p w,- ,s, .

W .. c 4 s s .. -1 -- ; p w
w ('i U;h;t iy A .,m ,, ;;,. .. .

.~w s.

1.044 > 1.031 .! ' . . . ,' S. p i, . 2) :
: Nr- Q & ,. .

,

,..e ., '." , , ~ 1.027:c, em ,100 ,1470C< ,. .p;.c
, .

.

~ ~ c .e

;&;;r Nm :sy m . :y $;;g f,Jp, h. W . n y r.9 )p i n.w
3, w. .p. n,. ~; , , ~ ,,.

,' m T ?.dk : M, b" ?'s:n sWM
fic.,W, .V;-:SW.,y i,+4 ; Carbon ? - 1

"
,

.+- ,

im 14.7 , a . $ 0.991 0.997 . . .1.000 '1.000 . (e' F '4bN fg
f .' N . e . , # ' / dioxida 10 -147 0.910 0.974 1.001 1.003 ,|t.

]1,h y, '
D ,, u-.2

1.006 .,1010 ' M y [| N %
hhi, f (, - ' 40 '588 Q (0.894

'

100 , 1470 . . - 0.721) d4bM,w N- . Wt ., 1.018 ,1.026 : q L. e a
,NN E ~2. J . .'4N- W fr- .h s ?

~ % g A s[p [f '" M N M , , 14.7 1.001 1.001 ,1.001
N .N 7 ' '

- 7
y m.,,<.[ 9 .; 9 ' cfg '| p ' }} 'H Hydrogen _1

~ '
*

,

10 147 ;1.007 .1.006 1.005 - |K |w. * ' ? | . ,i
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'e ' q 4..: v ;,, 4 . .
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.
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. . .y
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;$: / O . PROPERTIES OF WATER AT VARIOUS TEMPERATURES ."' ' N-
'

p% .~~ -' '
-1

iHeferred to Water at 03 F. Weigrung 62 316 Lb Cu FL '

' ' TABLE 4 'j.-*<

'j,. - - specific vapor specific vapor
t U .n

''" o-
'~Temp volume specific Pressure Temp Volume Specific Pressure .e

m . . 4. . ' "m m
m

> W'9,. b' 2 4.,
%./ : , ? -

.

" 'F cu ft1b Gravity PSIA 'F cu ft Ib Gravity ' PSI A . n[*g-

e
Vhi3 << W u %

' ? 33 0 01603 1.0017 0 0922 220 0 01677 0.9569 ;.17.186 Td i D.M:32 0 01602 1.0016 0 0235 210 0 01670 0 9609 _14.123

QC+| r ''9 [d p .y +y "j /p% + '.h .34 0 01602 1.0017 0 0960 230 0 01664 'O9529 * 20 780 Q ; . .G M $ -
,

"i
g#

.L'M.r ''JM ff ~ s 35 0 01602 1 0017 01000 240 0 01692 09484 ;24 969 - Q' :P
. n,: 74& 36 0.01602 1.0017 01040 250 0 01700 0 9439 29 825 V. T :e Z
,7 & ' 9 , .. 37 0 01602 1001E O1082 260 0 01709 0.S392 * 35 429

~

,, J % <.n
38 0 01602 1 0018 0 1126 270 0 C1717 09346 : 41 853 'CgW7!I''t #3b.@ tJ F '

'

Ay \4 39 0.01002 1.0018 0.1171 280,' 0.01726 0 9207 49 203
, g;; D ,

40 ' O01602' 10018 0.1217 292 O.01735 0 9249 -57.556 ~'Di' *

M 4 , e ' ', , ',
..^ 41 0 01602 1 0016 0.1265 300- 0 01745 0.9196 ' 67 013

^ '
A ,6
%RM 9, ', . 42 0 01602 1 0018 0.1315 310 0 01755 0 9143 77.68

<
, ~"'

'

M'& ? $Q E [J' ,' '

J< 43 0 01602 1 0317 01367 320 0.01765 0 9092 89 60 .

S 44 0 01602 1.0317 0 1420 333.. 001776 0 9036 -103 04 i id' ' 2 k-
,

45 0 01632 1 0017 0.1475 340 0 01767 0 8920 118 01 ~~ '':' ;cg # > ~ - ,
,

46 0 01602 1.0017 01532 350 0.01799 06920 134 63. >i
. , 5; , i' ,4 47 0 01633 1.0016 01591 360 0 01811 0 6361 153 04

,

4.C.Am .y, 48 0 01633 1.0016 0.1653 370 0 01623 0 8302 173 37 .~ 1 ,
' ' F

m 49 0 01603 1.0016 01716 350 0 01636 08741 195 77t J9Gf <7-g1-t:''' 50 0 01603 1.0015 0,1761 393 0 01850 0 8673 220 37 "<:L'

?**j. <v'' 51 0 01603 1 0014 0.1649 400 0 01864 06609 247.31 >.A:

;pL N '

52 0 01603 1.0014 0 1918 410 0 01878 0 8545 276.75 i.,'

53 0 01CiO3 1 0013 0 1993 420 0 01894 06473 308 83 ' '

3 ...c '

54 0 01603 1 0013 0 2064 430 0 01910 0 8402 343 72 Y *' ^ - ' a
7 <+ '

i M SS 0 01603 1 0012 0.2141 440 0 01926 08332 361 59 '
' ^ I> 56 0 01603 1 0011 0 2220 450 0 0194 0 826 422 6'

', 57 0 01633 1.0010 0 2302 460 0 0196 0 810 466 9
,r 58 0 01604 1 0310 0 2386 470 0 0195 0.810 514 7 :|"
,W 59 0 01604 1.0009 02473 430 0.0200 0 802 566.1 ,

'
,

'66 60 0 01604 1 0008 02563 490 0 0202 0794 621 4 G'3- ..

P73 d f G(. 62 0 01G34 1 0306 'O2751 500 0 0204 0 78G 680 3 - '. t ,e ..? A,

r ~ 64 0 01605 100M 02951 $10 0 0207 0 775 744 3
'

d' '

i 66 0 01605 1 0002 0 3164 520 0 0209 0767 812 4

h,' "fi - ' ' 68 0 01605 1 000] O3390 530 0.0212 0757 685.0 .
.

'U 70 0 01606 0 99 'S 03631 543 0 0215 0746 562 5 '! iL
N.
v- 75 . 001607 09231 0 4298 5 5 '.' O0218 0737 10452

'

'"
,

C 60 0 01603 0 9954 0 50f3 560 0 0221 0725 1133 1 ;
.

85 0 01609 0 9976 05959 570 0 0224 0116 1226 5

& U" ..
i 90 0 01610 09ES 069C2 5?u O0228 0.704 1325 8k" , .

*-

95 0 01612 099 3 0E152 590 0 0232 0 692 1431 2 ! 'Si _ @," =

.<. -

100 0 01613 09949 0 9492 CO2 0 0236 0 CSO 1542 9 j y tj Ni 7
' i 1 ' ,6 s td . , :: * eg i .- - 4 110 0 01617 0 9927 1 275 61C ' ' 0 0/41 . 0 666 J 1661.2 % g~ y J'/ mv7
* * ~

120 0 01620 0 9303 1 692 620 0 0247 0650 1766 6 - -

'*'' 130 0 01625 0 937S 2 223 632 0 0253 0 634 1919 3

W . + 140 0 01625 0 9S50 2 859 640 0 0260 0 618 2059 7 )'
'

150 0 01634 * 09321 3 713 650 0 0263 0599 2203 2 >

,- ,

'
160 0 01639 0 9793 4 741 6CD 0 027e 0 578 2365 4
170 0 01M5 0 9755 5 992 670 0 0290 0 554 25312

-- 180 0 01651 0 9720 7 510 600 0 0305 0 526 2703 1

193 0 01657 0 9C64 9 33- C92 0 0328 0 499 2895 1

200 C01053 0 9619 11 5.% 7CE 4 0 0503 0 31r 3265 2
,

,

TABLE 5
PROPERTIES OF SATURATED STEAM | ,' .

I Molute Specif4 / b%te Sp.c+c >-

bessure Temperature V1 mca Pre:me Tempera'ure Velarrea

DSit. *F Ft'its PSS 'F F1 ' tes

14 7 212 2C 793 122 341 3 7275

20 226 20C57 131 347 34544 -

25 243 16 301 140 353 3 219) .'

30 250 13 743E 150 353 3 0139 ,
,

35 259 11e959 16? 363 2 E33C

40 267 10 E S 170 368 2 6738
* 45 274 9 393S IE" 373 2 5312 < ,., ,

50 281 8 5140 193 377 2 4030 _ - ' ,
55 267 71850 200 362 2 2S728

63 293 7.1735 2'3 356 21E217

65 29B 6 6533 220 390 2 02629

70 303 6223 233 394 L9954C .

75 306 5 2144 24? 397 1 91769
" E J,

80 312 5 4711 250 431 1 64'it 7 <

85 316 5.1E69 263 404 1 77416 f.*

93 320 4 E9 3 2 7 ~, 406 1 71613

95 324 46514 25 411 16SM9
'

102 326 4 4313 2E 414 1 %4F2

116 335. 4 04M 3*6 417 1 I 4 74

._ _ _ _ _ _ ___

J
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. W g h g-q. n .y ! ; ,g| _ , -, , , ., y ,v
. , -:h M,;)) ,y. f. f..b.1 &s $

s .- , m .. s..' 4* f .s

,' ~ ; " f,p-- ,,,,
, 3 , , ' , .;;, .s . ,9x y ,: ,w

e g < J. v <>, ,4 yv . . spa . ne , ,.c ~4 , a ,v , .

.3: ''. " .,
,

. t _ . ;N.

V, pf n . a .u -4. ,4 % O ;<'d ' <
t. a ,

M . s ' < ,,
- ,# .-

4.,
-

' .< > 5 . u. . *

- .

i & )0 5t_.bx s. , 'c 5 ,y* ,

V, 3
,.

. :, n% m.. g,M w: e '.
T..

DV '

r.v&.
- '

..:r <> ,

v ;,5'' .~ ~ ~ W< * o
7 . c u"e<><AWLc s

W_ G0 .
_N $. U M t.' ;1 - d. ;25 r

. . . .
> . . .

s,

&qq;q W ,g..q; N ,+>tjm& i -+ wu, ag

W. . ,i-a r ~3 a* ; . . ,W.t.AM~ 4s%y%sQ.p
T-< ,e . w,- wr %. .<^ > " ' i TABLE 6

.

a
r/m t ;r. .g

Q+ Q.
. -' 4 n nac %

9a _ . .e . n..
Z M M M..s g :p p a p h , q - W Q.W.i m, @. b L.

p. ev

'<pW/?,u,n.i %vL n 6."
^ e,W,o - , SUPERHEATED VAPOR _ i 1;'.( # 4 off < :

. > 1o. , c . 9 d.'.m L & n vW( ..
.

+ ' 4 . 'n--
-

n q .f .'.M/94e. so w.. . wm .asas<

hm)+ +* i M''','c ~1% - 1 .N ~
~ -' +

b2
.

.s. ' N* N 'M ,.MDM.. Pressure -m- , - 4 - ,

@s. 9 p y .(psia) p s
Temperature t * C) ' *e , . <

, M .u Msv .m,h.
s a, n

ryij m
, 3200 260 '300 360 400 460 500 603 7CO 9 '20 ' 000 :'1000 1100

a-.:

'12'n "* i c W M '
t: :

. &.WM .
- -

49 ..
. . .

. ,

MfN] a s . .W.M p..y- .$ 38 85 42 56 . 45 00 .48 63 51 04 . 54 05 ST OS 6304 63 01 L.7 t sa . d3 * 3 J S6 02192 88 .. 04 E
..M PM::

T
1193 9 1221.9 1240 6 1268 1 1287.5 1335 1 1383 4 1432.5 1432.1 1533 2 1585 0 1'G37.6 j% yt'V

W A10 .jgh, )1146 6 1175.1

16595 1.8950 1.9172 1.9468 1.9689 2 01G0 2.059G 2.1002 21333 2.1744 2 2086 2 2113 ' ,[[h (b%WJ @,j V4. - ; e s .11927 18341
MhilhN ' Sn' J .U OM k s.[45Nyb.dg.dN,& ,.m.hh ;,c hbM N 4 49 41.,%L: ~h'OMG '31.47 34.47 N37.4G J0 43.44 46 42ed r,,.X i p 21,11 22.36 24 21 25.43 27.25 23 46

1 ,% j".: 20o 'qgg' 4,
4'

[ 1172 2 1191.6 1220 3 1239 2 1267 6 1286 6 1334 4 1332 9 1432j ' t 432.1 1533.0 15841 1627 4
*

'c
O - J

..

M. . M. , )A' 4 M. Wpm JggGq,Ms'/.b | -', s. 217545 1.7808 1.8170 1.8396 18716 1.8918 19332 1 H29, . 2 Z.3 2 C618 2 0978,2.132112.1.G48. 'u$n W; p; ;.
? ,q a.

| -' t . T.r -
3

o - - .y .

G . ' : :, :% ;. Q. ' ;,p
.

- u~ mu , h-- m , p <

.@. 3Y ,

13 747 ' /.S:.T i M E - e
'

'L ,e , ~ . 8 773 9 557 10 065 to 815 11.309 12.532 13 714 ,12 350 16152 17 352 18 550
9 u iyn. b r J.)M,,[a.{t r.' 1532.1 1584 0 1636 8 ., v. a% ' +N+ t .

- + w WJ
'P M.hC W-t$0 . h'W'

C '%b '1184 3 1215 2 1235.1 ' 1264 5 1233 9 1332.5 12 314, I sag 1 141.11.8363 13*$3 IS2:0 19602 '1.9964 ' 2 0308 2 0636j!#
i

s

dMUG/MkNd$@hhjh
' E d. h d * f #4' -

6 W T 44G 3 032 8 656 9 259 9 660 j -|7'
.

1.6721 1.7112 1.7349 1.7680 1.7887

d .3 3 $ .'' [ ' [ [MC k N [lc4
h Pj- h (5 3 Y yr 'h.O 3.N '

.

; |r ' ~< ' \ 4 663 '4 937 5.333 5589 6 218
:1205.7 1227.6 1258 8 1279.1 1329 1 1373 9 1423 9 1479 5 1530 8 1582.9 16351 M \' / m M. C100 ' % h ~'-

3[. ~ . j~ d,. y rl>IP.s.g> j; , ' 1.6258 1.6518 1.6869 11085 11581 1 *W'1 1110 ? M, 23 13193 1.9538 1.0357 5, < D. ' ,> -
,

,
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-

, , "

. g. .$ w -
.

-- ; - Av s
t
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N?6 1529 4 15811,1634 7 J
1.8740 ,1,.9086 119416, M.M.5' q '3QM%

', '
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Y Q M M 150 '.:ho i; '

'
h i- .

't - ' ;1.5706 1.5995 1.6372 16599 1.7109 115M IJ984 1 3374
> 0%. . h D>Q y, ,

, , _
s ' m . . . V, . . y,ga

., . .
*

- p . + s

s;., . 3 693 4.002 4 309 .4 S13 4 917 . M .r? + r , - 72 361 2.585 2 726 3 C60 3 330:$ . / Q< r
1633 7. '@ j1.8415 1.8763 1.9094 14 .%j C'

,

~ 200 }h 1210.3 1246 5 1268 9 1322.1 1373 5 IJ24 8 IJ76 2 1528 0 1580 5'

,
, ,.

1.5594 1.6001 1 6240 1.6767 1 7232 1.7635 1 8048
,

.

' @" ' t;
,

2 227 .'.2.442 2 652 $2.859

'
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HIGH PERFORMANCE TRUNNION VALVES _

'
.

The increased use of High Performance Trunnion (Offset Buterfly) Valves
has caused increased use in high flow applications and t'fierefore, a need for
a more accurate prediction of the Hydrodynamic Torque behavior of this type

of valve. Improper actuator sizing 3struc^ ural damage and control instability
are all possible consequences of us'ing inaccurate Hydrodynamic Torque data.

'

The Trunnion Valve is essentially a modified butterfly valve with the
..

rotary stem offset from th'e disc sealing surface. See Figure 1. Normally,

this style of valve exhibits high opening and closing torques,with operating -
torques depreciating as the valve disc rotates 90* to the fully open position..
However, on occasions where a. considerable quantity of fluid is being pumped

{.( through the valve, the Hydrodynamic Torque may exceed the opening torque or
- be of sufficient magnitude that the actuator will be unable to further open

,

the valve. -
,

,

Realizing the importance of having accurate Hydrodynamic Torque data,
Posi-Seal International, Inc. in North Stonington, Conn. launched an exten-
sive R&D program inorder.to obtain this data. At Posi-Seal's new Hydraulics
Laboratory,iSee' Figure 2forschematicoflab),HydrodynamicTorquedata
was measured on valve sizes 1 1/2" through 14" for. valve classes 150 through.-

600 lb. Additional ' data was taken on a 14" - 900 and a 14" - 1500 lb. valve.
Data was recorded,for both preferred and non-preferred fluid flow, measured
a't every 10 degrees of valve rotation. Incrder to obtain the Hydrodynamic

,

Torque factors, the valve torque was measured while both opening and closing .
t'he valve. By averaging the above data, stem packing and bearing friction
torques were negated and pure Hydrodynamic Torque was obtained. The above
measured torque when div.ided by the differential pressure across the valve
yielded the Hydrodynamic Torque factor for that particular valve at that
angular location. This data was statistically analyzed on Posi-Seal's
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{ technical mini computer.and equations were developed from which Hydro-
-

dynamic Torque factors were calculated for all sizes and classes of
'

high performance Trunnion Valves.
-

Based upon the flow. testing performed at Posi-Seal, the following
general observations concerning Hydrodynamic Torque of Trunnion Valves

,

can be made: .

(1) For preferred flow,'the Hydrodynamic Torque will always
want to close the valve. See Figure 3.

,

-

i

(2) Foi non-preferred flow, the Hydrod amic Torque will, through~

70 to 80* of valve rotation (the exact location varies with
valve class), want to close the valve. Beyond this rioint, the-

Hydrodynamic Torque will want to open the valve. See Figure 4.
. .

,
(3) Except for the 90 valve location where the Hydrodynamic Torque-

factors are of equal magnitude for both preferred and non-pre-
ferred flow but of opposite sign, the non-preferred Hydrodynamic -

Torque factors are considerably less in magnitude than thos,e ,

for preferred flow. See Figures 3 and 4.
.

(4)' All of the Hydrodynamic Torque factors (for both preferred and^

(, non-preferred flow) decrease with increase in valve class, ex:
. Hydrodynamic Torque factors for. a 600 lb. valve are _ significantly

less than those for a 150 lb. valve. See. Figures 3 and 4.
.

.
.

'

(5) The Hydrodynamic Torque factors increase approximately proportional
to th~e cube of the valve size. (The exact amount varies depending*

,

upon valve class).-

The total Trunnion Valve. Torque at some angular position (other than

', opening or closing) is in actuality a suanation of three separate torques,
stem packing torque, bearing friction torque'and the Hydrodynamic Torque

discussed above. Except for. small size valves (6" and less), the stem

packing torque is. a small percentage of the total valve torque. For large
sized valves, above approximately 45*, the Hydrodynamic Torque is 'the major

,

component of the total valve torque, 'below 45* bearing friction torque be-
comes the major contributor. All three components must be considered inorder

to accurately evaluate a valve's performance. )
~

Inorder to better understand the reason for Hydrodynamic Torque occuring,
one must visualize the valve's disc as an airfoil. The Hydrodynamic Torque

'

x
generated at some angle is a composite of fluid flow lift and drag forces
acting over the disc's surface. The general formulas for lift and drag being:

f
'

.

-_ -._... -- .. .. c A ., n. _ _ _ . . . _ _ , _ . - - . _ . - - . _ _ . -_.._..o...- ,,.. . _ _ _



'

.

-

.

(
:N - F =CP (Drag)2

D- D
.

?

2
'

and F =CPAV (Lift)L L
2

.

f Where:

j C,C - Drag and lift coefficients which are related to the'

D L
j - geomet'ry of flow obstruction._(Disc). .

.

P - density of the fluid medium
..

'

A - projected or surface area of flow obstruction (Disc)).
V - velocity of fluid medium -

i Both the lift and drag forces are dependent upon the shape of the

$ valve disc, its orientation to the flow stream and the direction of fluid*
--

flow. As the valve angle is decreased, or flow is reversed, both the ,

,,
'

;; magnitude and location of these forces shift causing a change 'in the re-

N sultant Torque. As the valve angle is further decreased the drag forces '
<.

J.. will increase while the lift' forces will deteriate due to increased
turbulence and a breakdown of the flow stream along the downstream sidej..

-

i of the valve disc. See Figures 5 and 6. .
,

. '

,'.) All of the above testing pertains to liquid flow. An intense effort

9 is presently underway at Posi-Seal to investigate the airodynamic Torques
~

j of high performar.ce Trunnion Valves.
'$
'
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MM.!!?,TOROUE VALUES TO GPEN AND SHUT Vi M : ' EXAMPLE: , W MKg0.N;,gMTh'' ' L;

.e F .;M. ,u;X..h3 h ', cm ' .b'~ ' '

O @M M ;.The Posi Seal Trunnion Valve is a' tow torque valve M. WA. Requirement - What is the maximum opening
; v

. . . . . . , , ,

'Ihhhich normally reaches.its highest, torque % hen ]j,J. 9,%; torque' of a 12''. Class 150 valve with , teflon.

p%
M,h; .W $ opening. This torque value will vary with the seat

, , ,

T chevron packing, a' teflon seal ring with rubber
i@ material and stem ' packing selected in addition' to OJyM back-up ring and a maximum'AP of 200 PSI. 17

'y,w ,the maximum operat.ing differential pressure (AP) yp. mp.. . ,m ~ .. ,, s ,w/g~.
, . - - n . , m . m . c. . . . u.

g. . ,j.g j.e_ g g -

N .ggy. ,py r .
., ,M.u ;3. S, ,' ?,:

. ,,

,,N M.N,e,C B. Solution , From Table 1 'mg%.0^.h
M 2

.

.

VD. .O t N, . $ .. W.w,'egi P.6, .i across the valve., d.2 & ~M, _kw . .g > s
3 :s' ' &. 6 ,. .. s m-

- W3 *

3gf,.g . + =.

for staneard , , . . . . ... . .%. ga . #ge, Torque values to open and shut
* MD@.rj '

a : T = (B) = 70 in. Ibs.j;4g4,g$h~, ,, ' i
Posi-Seal Trunnion Valves are listed in Tablas 1,2 y ,

3 '

. , , ,

..T, = (G) = 986 in. 'Itss" '. OM. ,iM.< .'.gd[.[and 3, and are denoted as T[, T,, and T,. @ . .%
~

. %. .m

O. qk. ,T ' and T, ' torque values are due to the" stem
,. - , ,

[, p, g ;,2020 in. Ibs. _ 3g :,c g 10.10 x 200 =
gg ;T = 10.10 in. Ibs, per PSIAP =,

T -

3
. .. . o1 gyW . packing and seat material selected and are added

W?. tTotal opening torque = T "+ T, .+ (TE,'N g 7 f together t,o determine preload to.rque. x.pjy . i , 3.
,

n,e , s, c .. The static pressure torque factor T is the static y T. , . PSIAP) = 70 + 986 + (10.10 x 200) = 3076
s: , e s -'

.

~.v..
,

c. , . #--
sn |bs , * %n oh.. D.'N(w. g p A.o

W ) ; * ]g.,D,','..,.;;d ga .%.m [, @ ,7J S +c,6
.3 . x'

p'd. ,& 3 pressure torque per PSI AP. This factor..(T. a) is 'i , '.. !
-~ ,, S . . m W @> +,

c ~.

f . ~
.

. .

S4 ..':' .. @ O, f yM. a . '. '. multiplied by ~ the maximum ' operating AP or n.9~
T' D , maximum line pressure to obtain the torque o' 'e ,M: M, s. - --w.~, .

. . . s~ C,
. . .

.+ @o .r value due to, pressure. L :y .4 %g,+, n. a , aer:' ' t -Although the vatve opening torque is normally the4 i s . -
'

. . - . +

M h. hest operat.ing torque used in actuator sizing, itc . , m .w.vc e a .- ww- sg3 ig
,

p

'i 3 OTo obtain the maximum torque to open or shut is often necessary with flowing liquids to check
f the T,, T,, and T AP values are simply added for total hydrodynamic torque. Refer to Section II'

3
for data on calculating total hydrodynamic torque.g- ' together. '
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.u a q.~ ;J - ..y -f-8;:g.pygy-gg;, !;,% ' .Q'& N X 5 '' pyq;;p , 3 ~ , m. . : x.'Y . , j L
~-

#*' 'OO' 1i /
'

$JQ$ W..'d M;' y| , W:. TABLE I . ' ; ' , ' '[,'g'c ' c ' % , (e. > i Q.'- m's a qg
* '~.- .,,

3

.a $M.h.f ';;t J: ~ CLASS 150 STANDARD RATING '8_ ~ 67. . |Q" YA
p'W% 4

r m.
? f*

- .

h, E% > <wv PRELOAD TOROUE = T, + T, STATIC PRESSURETOROUE
V M

. T, PER PSI T.. ,e 3 %
SIZE * mws T' ,

.m A B C E F G H J 316 M S. REXNORD L

. . . 3.; . '. .Q 'm :.:g: . : fg~ ... 3 . ...}.y...
'

'

. . . . . . . - ...
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .

-! * * * " t *. 6 ' L!..4
"

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . ~ . . .
''

. . . . . . . . . . . . .
....

' 3" 302' 28 227 * 122 73 :61 244 280 0.24 C.16 4: .

J6" l ;454
~ 31 1254 ;218 131 ,,109 436 501 ;0.50 m S.33. . d14"a 1338

'J 8" 3529"
~42 .'240 - 510 H 306 255 .1020 .1173 . 11.56 '"R1.04. }$3C@

~

49 397 ''902 ;541 1451 1804 2074 + 3.23 32.15 A
~

10" .. * .680 63 .510 1398 839 699 2796 -3215 6.44 - , 4.23 -

,12"a' .r756. 3""70 4567 < ~1972 ,1183 986 3944 .4535 '.210.10 . '6.73 'L

~ " 911 N'14" '832' 77 624 2424 1454 1212 4848 5575 ' 13.66 ' *

i~
16" '907 . 84 -680 3164 1898 1582 6328 7277 19.44 12.96

:18" # 1058" r 98 ;794 3994 2396 1997 7988 9186 ;28.64 119.09 '>2~

20" ' 1210 112 907 4914 2948 2457 9828 11302 340.28 '26.85 ,-

24"- 1512 140 1134 7564 4538 3782 15128 17397 77.48 51.65
1814 ' 168 1361 11982 7189 5991 23964 27558 .147.28 '98.19 .d^

70" '
2268 210 1701 17426 10456 8713 34852 40080 '267.76 '178 51 ~)

'

36" -

42"'- 2419 672 1814 23795 14277 11897 47590 54728 390.00 .... .....

48" 2722 756 2041 30864 18518 15432 61728 70987 '569.00 ....ih.. 4

'

54" 2722 756 2041 39849 23909 19924 79598 91653 734.70 j
60"- 3024 840 2268 49280 29568 24640 98561 113345 .1010 . ........c. o,

66" 3326 924 2495 59937 35962 29969 119875 137856 ;1351 ' c. . ?.T.'.
~

72" 3629 1008 2722 71355 4281.3 35677 142709 164115 '1754" ......|..
''

](j3 <
i. CLASS 150150 PSI RATING -

-

PRELOAD = T, + T, STATIC PRESSURETOROUE 'im. *
-

VALVE - ' PER PSI TT, .T 3 n Ar- - 2
1 SIZE A B C E F G H -J 316 M.S. REXNORD ,g

24". 1210 _112 '.907 7194 4316 3597 143E8 16546 58.96 '39.31 5.c
J123.32 a | 82.21 7-30".( 1512 140 1134 12038 7223 6019 24076 27687-

' ' 196.28 ' 130.85 N:36 " ,' 1663 154 1247 17420 10452 8710 34840 40066 -

B.
42" 1966 546 1474 23846 14308 11923 47693 54847 | 317.50 ...|.'.... M'.

'

48" 2268 630 1701 31069 18642 15535 62139 71460 477.30 ......l... ..

~54" 2268 630 1701 39849 23909 19924 79693 91653 612.12 . ... .
Si

60" 2268 630 1701 49484 29691 24742 98969 113814 760 30 -
..........

66" 3024 840 2268 59937 35962 29969 119875 137856 1228 ...:......
*

-

72" 3024 840 2268 71661 42997 35830.143322 154820 1468 . . ' . ' . K
, .> y .r m.,

Valve torque (opening) = T, + T, + (T x PSIAP) NOTES: J_ r3 .. ,

cNi' -Valve torque (closing. on-off service) = T, + T, + T (A) Asbestos jam packing
, ce

'

,

3

' ? $^y j '(.5T x PSIAP) . (8) Teflon Chevron packing y3 ,

Valve torque (closing, modulating service) = T, 4 T, + (C) Graphite jam packing - , y ~i-W

E x PSIAP) . T, (E) Urethane scal ring with rubberlack u'p ring, ;:3 4 .;,, .

When the operating AP used for actuator selection is Metal seal ring with and without rubber back-]'; ,
leis than the maximum line pressure, contact the up ring, Kel F seal ring without rubber back-up ~

' '

factory for sizing torque. ring ^ | ( '' }.

(F) Teflon seal ring with Teflon back up ring,;.

I Tefzel seal ring with rubber back-up ring' j~
.

(G) Teflon seat ring with rubber back up ring .1..
-

,

.T. [' ' (H) Metal seal ring with ' Teflon insert and rubber. ~,
,~

r <c' v~back up ring '' '
'

,

/ (J) Metal seat ring with urethane. Tefzel, or Ke!-F-
, ,

'' insert and rubber back up ring <

.
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. . ,.
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l i n s ''
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CLASS 300 STD. RATING *r*
..

ge
~ R :.% ('= PRELOAD TORQUE = T + T, 's ST TICPRESSURETORQUE
4;(' '.

' '-
3

U .NPER PSI T3 .D4
'

'

VALVE n T, - , . -T a . 2
, w .w w w.3.,4. m;. 3 ,. ,

;m:; SIZE
a:3 t.' TA 8 nC .E 'F +G H 4 J i. ~316 M.S. REXNORD h'

@c
Q.m Mf. , is| | j W,* .~y ,(

* <.
,

-

, p d,h, q,"A
..........

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ...
' ~'

' 'p * " ' . . . . . . " .......... ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ......

d 3" '?302 '. 28 227 122 s 'm 73 61 244 280 i ' O.24_ m. b .16 ,.

..o
''

' 4" 338 31 254 218 131 . 100 436 '501' " 8 'O.50 ' ' '|433
'"

I
- .

5 '6" 1454 '242 '340 :510 1306 ,~255 1020 1173 $1.56 - 3.'.1.04

Y.,g. 8" . -'756 '70 567 750 '450 375 '1500 1725 A ' 3.84 - 2.56 -
,

n. ,

f' 10" L907 84 680 '1242 :745 621 ~2484 2857 S.J 7.64 . ' . , ; 5.G9

j f., .12" 1058 98 .794 1722 '1063 886 3544 4076 712.70 , f 8.47 3

W : 14" 1210 112 907 2160 1296 1080 4321 4968 17.71 11.81
. ,,

o. .

129.16 19.44'
.

@ 16" 1361 126 '1021 3104 1898 1582 6323 7277 1

L .' 18" .1512 140 1134 3602 2161 1801 7204 8285 36.90 ~ f 24.60
T 20" 1814 168 1361 4534 2720 2267 9C68 10428 '55.74 , .!,37.16m..

"j, 24" 2117 196 1588 '7564 4538 3782 15128 17397 .108.46 [I72'.31'
t 30" 2722 252 2041 10764 6458 5382 21528 24757 -198.45 132.30

,

36" 3024 280 2268 16278 9767 8139 32556 37439 .333.46 J 222.31'

'

42" 3175 294 2381 23402 14041 11701 46804 53825 :503.30 ' . . . . N.'.'. .
'

'

48" 4234 392 3175 30383 18230 15192 60766 69881 = 871.40 ..'.'.l.'..'..,
.} e .

m
.

.. .

.,. 7 %j n,, 4. , .
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- ~ * V. < ' 'r* , , , , ,,,

u .
.

, ( . .., .,. . ~ . , ,

~.: : . < .
'

n.> , , , .

uValve torque (opening) = T + T, + (T x PSIAP) NOTES: _ _ '( .g*

3 3 ,

, .. Valve torque (closing, on-off service) = T + T, + T (A) Asbestos jam packing
'

, l' #3

(.5T x PSIAP) J.,/ : /.c -! .' .. . (B) Teflon Chevron packing @ e NMhU3

3 , . _
' '""

Valve torque (closing, modulating service) = T3+T,+ (C) Graphite jam packing
~ '

.

2* O .T, (E) Urethane seal ring with rubber back up ring,''

When the operating AP used for actuatcr selection is Metal seat ring with and without rubber back-
less than the maximum line pressure, contact the up ring, Kef F seal ring without rubber back-up

~

J, factory for sizing torque. ring -
-

-

.

(F) Teffon seal ring with Teflon' back-up ring,'

-

Tefzel seal ring with rubber back up ring .' ~ - - * - -
' ~ -

7

. /j.(G) Teflon seal ring with rubber back-up ring
_ ' "

;' "

(H) Metal seal ring with Teficn insert and rubber

)([O back up ring i.,
.

(J) Metal seat ring with urethane, Tefzel, or Kel.F ,
insert and rubber back up rin'g 9' ' 9,- ' '

.
, .

m, ; .
- ; , 7

. ,
"

. .

.

' g- 4 Lf '4- ,
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,. c. TABLE 3 ' . ' . -
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r;r. . , -

>4, - . ,..

Jg:WW.7 , TORQUE VALUES (In. Lbs.) .' .n e ;, ; .: ; 3 ; :F j. c . -f.; ,, 6 ,- <
,

.

A W pNu ,ett..,. , m w + W. , c.. , Class 600 PosiSeal Trunnion Valves
-

.

- ,.; . a y . . ;.- ~ ;3-

- PRELOAD TOROUE (T + T,) STATIC PRESSURE TOROUE Nd3y4 A .ih ,.- *
-

3

. PER PSI T ' or | M\fALVE g gg . T '

'i: T, a : 33 . .< 3 , .

SIZE t
~e #' A 8 C D E F G H J 316 M.S. REXNORD - y

i3'd "[342 257 95 ~120 '~72 ' f276 | "O.27 9 518 li"
.

4 4". 1454 340 126 202 121 465 0.63 S .42 L
?6" E 529 397 147 496 ,298 1141 1.77 1.18

2 ,. -
_

$z l'771 '4.73 13.15 %8". J907 $z 680 252 770 462 m

' .10" . 11058 m9 794 294 1234 750 E$8 9 2838 '8.85 5.9 ) -
. m

3< 3965 15.89 10.59 f~..F'12" 1361 >b 1021 378 1724 1034 <*
m< Je m

0
--

<3 Rm0

<$gd 1134 420 2078 1247 >$ dg 4779 21.29 '14.19 ;-3'14" '1512

>h
<' 1361 504 2698 1619 <u 6205 33.17 22.1116" 1814 3

18" 2117 < 1588 588 3532 2119 5 < 8124 50.64 33.76 1
z

- :

20" 2419 1814 672' 4238 2543 9747 "69.4 146.27
.

2722 2041 756 6422 3853 14770 118.4 ' E78.93^) f(".f
*

<

.
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NOTES:
'

, jf 4 y u ,; ,J.,.

.g , . y, ik- n
.

. .,- , ,
,

3 ,j y, j ' ? !, ,p.}. g f pValve torque (opening) = T3 + T, + (T x PSIAP) ,
,

,

'

~ " FI '' '

Valve torque (closing, on.off service) = T + T, + T (A) Asbestos jam packing3 .
3

(.5T x PSIAP) i (8) Teflon Chevron packing - available on appli- 1 d,a3
1 .

Valve torque (closing, mcdulating service) = T + T, + cation ig3 ,

.
.

(C) Graphite jam packing . . ..f. .y. . , . .J. ,. .(T x PSIAP)
. < ,

,
3 _

, " ,
/ ' -

., , . s

When the operat.ing AP used for actuator selection is* (D) Teflon jam packing - - - M v;M. L. .

m-

less than the maximum line pressure, contact the T, (E) Metal seat ring with and with6ut rubber back g
,
'

factory for sizing torque.- up rin.', Ke! F rine without rubber back-up ring

'

(F) Tefze! seal ring with rubber back up ring -

(G) Not available on Class 600 .
*

_

(H) Metal sea! ring with Teflon ir. sert and rubberT '

>, back-up ring - available on application

, -
'' '' '.

(J) Metal seat ring with Tefzci, or Kel F insert and
.

rubber back-up ring (urethane insert available j |
' ' * "' ' "

'
'.

o 1 cpplication)
m c.x -

A . (:. .:..-
.

., - -| g W

Ilj , an. .. ; -
-

,

.

s 9 ~ .
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li. . TOTAL VALVE OPERATING HYDRODYNAMIC.
c,+ - ' w ; s,:.w

. . , a . . ~

The total valve operating hydrodynamic torque D
[. TORQUE p-

. 4
. TH,) is the' summation of three torque compo- %(4 , 4 ,,.

. h- .
,

<, . . - -
- ,,Is previously stated the valve opening torque ,s nents. These components are: stem packing torq'ue' b.*

i

(T,), stem bearing friction torque (static pressure. .
. ..

' -x,

..~p'ncrmally 's.he highest operating torque used for torque per PSIAP) and the disc hydrodynamic. if t E'
t

.''< .. l+ n actuator izing and select. ion. However, when ' .w -
.-be T&. ~

-- - - and drag torque. Torque values Tm

and T) can_W, m flow.mg h. quids, .t. .is' often necessary to calculatei .m c . t u;"w~, e. ~.~/ . f m
_ ,

ic torque. agy yij ound . Tables I thru 3'4gggy''eg}gpg'd
.

- - +>

thQ g total valve operating hydrodynam.
'.. .a L .

^

g. s
,

n n . , . , i. y,CW s ..c.a , _,w M o p. cM ,m;m p n,,m y
~ -

. Extensive flow testing has',Nhown that the., disc,' Icw a w y 1. .+ . me.

EclThe location ~of the maxirEum ' Valve "coerating"s ' y hydrodynam.icjlift and drag torque values are p:
,

~

di@t' rque (total hydrodyriamic iorque) is a result of .y
; dependent upon' tha direction of flodntering the, g%g

o
[the overall system operating parameters in addition. ' valve. With Iiquid flow entering ~ the valve from theg

*

'f - . stem si.de, w,ith the seal retaining downstream, the J.g
, .

3,f to. the particular valve disc hy'drodynamic torqueW d WJJyf *S|h' f , disc hydrodynamic lift and drag torque value (T )f g ?chNacteristics'." '. '
'

$(MM S'4 is positive to the full open position acting to return - 4'/

g$ FR'g%.ME '

Mac . 4 .; , . ,,;. 4 , ..the disc to the shut position. Liquid flow entering
-

.'MWhen the ratio of thru,, valve AP to ' total system c . .. ~..

the valve from the opposite direction, seal retaining ~'
.

- .a
- w ..

.

:m; AP is high, generally above 25 percent, the maxi- t R.' , ring up stream, results m a torque value that. 1. - - - - 1

%- t c:-- .
. . .

~

- - - isc to the ^w
16 mum valve operating hydrodynamic torque will ? . . . < icremains posit.ive, acting to return the d.

- - *.

a -,

':noccur ' t or about the 70, to 80.' disc open posi e,a
i

- 4shut posit on, until about' the 70o to 80o opent< . .

. . . - -

,Mtitn. As this ratio decreases, the maximum valve -
position. At th.is point the torque value becomes

-? r.

,

., . . -
. .

.

J," C perat.ing hydrodynam.ic torque w.ll shif t towards J negative acting to move the'd.isc to the full openi
.

, [;fthe * shut position.
v,

'7:, position. With liquid flow in this direction the disc ' -
3

..
.

.
,

i"~;% N 4, m 4- -
' j;;1 " . .j . hydrodynamic lift and drag torque values' 'dre ' S ,

designated as T . Also, test results have shownih'at Ni'KTo allow for system operating variables it is recom. a<

s
? mended that the maximum valve operating hydro. flowing liquids in this direction results in a positive

p 'h.,Nnamic torque (TH ) be calculated at both the [y
d

:T value that is lower than the corresponding T '- ,. r 3 ,

~ 20* and 80* disc open position. ', '. value with flow in opposite direction. a 3 @af .

-
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kh;$h.h. [ , '| '| y 7,k, ' , L W ,1 .
- - - ' '

.- , , ,

I
.

'

+: , . ,
,

~ "
. ',N g Q.By utilizing torque values T, and T3 along with ' ; ' EXAMPLE- *'

,

'4 applicabic disc hydrodynamic lift and drag
.j _h!que jalues T, or T listed in Tabi's 4 thru 9, '

. 4 1
. c-'

>

'

e . A. Requirement - What is the total valve hydro-
''1:: the' total valve operating hydrodynamic torque

- dynamic torque of a 12" CLASS 150 Valve with
-

'.,T H can be calculated as follows: . . ~ ' ' . o g ., y 9
-

teflon chevron packing, flowing water into the
*

y
. ,

. ',3 . . a my.s.f.a .w - -w. .
a. q. ,. -, g. . , .e . - .o-

valve from the stem side (retaining nng down ',^-
. . .,

. ,f
.

f,M RETAINING RING DOWNSTREAM '3
. .

, ,' stream)with a calculated AP of 10 PSl at the 700
, t

m. . /,
.

j ,,,, f . disc open position.,; a TJ1, = 3 +,(T "AP) + (T, AP) G,-
, < ,

'~
_. ,. , ;, : ,,

; 7n.] : s.,m
. . gg3 ,,

,
,

' RETAINING' RING UPSTREAM [" B. Solution -
'

_g.u.p7...,/ :, ~j-... ->

. . ; , .

I
-

, ,

' * '

, g. v,'
,

,

..T. H, = T + (T AP) + (T, AP) G, ' q . o.
. .a.

'

. ..TH, = T + (T AP) + (T. AP) G, C;i m n< n, ;- '; , . .

t . =; .m<*

i
,

+ -.. , . . -.
, ,

-

~

~ 3, . , 3, 3 3 - ,. .sn .

_

.,~,..: +' ,.

Q TH, = ,; Total valve operating hydrodynamic torque, | , GTH, = :70 + [10.10 (10)] + [692 (10)] 1.0 ' # ',,u
^;

,

$. : ,. 'in. Ibs.
.

= . ,

))Ti ) = . Packing torque, in. Ibs. Tables 1,2, and 3.
' -

= 7091 in. Ibs. *~'

TH, 4 ' .\. ,y.. .,

' ^ ' 'o- *

."'.
'c. . .,' .<>

.

.
,1 . .

> , . 'f T ',=; Stem bearing friction torque (static pres- . . 9 Where - > ## ~

f>f, ],| sure' torque per PSIAP),in. Ibs. Tables 1,2,
y. , .

'
h if .T = 170 in. Ibs. d d ' N,' !>lO .

3'

yWR v. , and 3; ;;c. > ,o t T = .10.10 in. Ibs. ' '
''; ;'

:' ." - ' >L
. .

< ... .,

,3
LT, =',. Disc hydrodynamic lift and drag torque, in., T* = 692 # ,: , , . ' J.. 3,

.
-

-' . . -
.

-,

in i
. . . ''lbs. Flow . to valve w.th retaming nng.:

a. . . .
', G, = 1.0 A T 4, ,' .

'

|- downstream.
'.

.

' .w , ;. p , ;,- ,

' i f' 5'.;T, =~ Disc hydrodynamic lift and drag torque, in. ,.: , T - ; ... . . ..,

' '. o~ G; .i.* [,[ 'Ibs. Flow into valve with retaining ring . ', .
,

- ,

J '

<
,

.-

:. , ,, .

' g ': upstream.
~

< c, , ,

' P= Dif ferential pressure across valve, PSI. .
t' ' s 5,'> 4

- G, = . Specific gravity of' liquid at flowing condi. . NOTE: ..ic'.. '
, ,

,

,
,

. . m. ; , : tions. ;' (
..t , ,.When in doubt about the maximum total v..alve .--4.

i ' '

c ,

.

'.'O % ~ Density'cf liauid at flowing conditions "
hydrodynamic torque for a specific application, con ," '

l.Gy Density of water at standard conditions '. tact Posi-Seal factory for assistance. ' f.', ,
c

=

% g.; , , ,. f.g ,

'

3; r 3. .z , , % ., ,' ;;:j..'/- ' > >-
,

,_ ,
,

.,. - Q .qj i s'
, ,

_ ' } i ' , ~ r;; , .' e ~

'.y S t. ..);&Wqg',Lyj!,Ouy |\ D,;' ~. _ , r Y f.
'

< <
,, .

9 ,, , , N. '*;{ * ~ y', - t,,

~ af' ,. > ,

'. ( g s. 1- .

g - .y i r ,,
, -

., ,, ,
,

Ar

4 7 .

a .r/. 'n-. ~*
.ka:, Q

,

" *

.- . t 1 '
g y'.

'

g , ,. .

.f
-

* ' ->e
'

I h ! . - ~ . . -
6 i 6 r g

..;-
a,

'

i d'
4

e

' h * T *
s j |

' .,.
,

, * ' '
e Y \ ,

'h 8 '. '- 6 ,
# * .6 ag

)G
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, xd. @ .cEQ W S . - tR ^ Y TABLE 4 t , '* ^ ~, a~.
' N. .o . .

" . . . / ' c:.J .
. ' ^

, w
-

9 . O.V E y, ' c CLASS 150 STD RATING
_ 'l7V7, '

n!y@.. '# n.t.
,m . ,..,w1" * ~ .w;... . . ~ .

['
''

w n- '>. . r . .v,- .

k '' '
'

- ,
- ' . h- ~

, ; ,, J". 4

C:w e mm,,m ,

-
,

4.
. .e.~,_ -

.

?. f ' |w. *' \%, .. n_ , m. - e.m .a

.

m
"

E}| );, s\,, ;\
<

7

%D,y|49%.&m%,% f d%n'~ -

,. ,
'w .

~f, h. 't

~. ~

:-

.c

' ( 7 ".?]e s ,''' y; -
j-.

, - . ,
,

4 %. qM~;MS. * 'F <~# J e'" ,' ' ' ' ' . if "
-'

. . . , , .
- , . . . :<' &, a~.

t,[ ,'" . . O.3 . /$ 'U M6 %'dl% % ' W , P ^* - V -<- , c' ' .A
7 }; [Jf y'%@ ],$ [JQ $S'

sp m a , q,m. . m. . . e ,w" .
.;-

$@.' A st@ c <
,iy :c ;;y.w,

.M.m. + P , j i. 'g .-
.,,6 t

*' .-

m?.,t '* s. , . 2f(
..

,,,L + '' ' ' ' . 5 .,Q - .~,0.''t ,,.
- ,, . ( *

. . 'O m.f
S.,

-

e , .r. i

3Y " N 9 ? '

*t
. . . . s

degs
' % ,m@b - k ' g.GJ .*

s .,.c. ;>

49: W
. - ^e

%p.,y:N, :.m . -[ + -@ s ', - V O.' ' | 1. .. ; %. 4 4 ; d; , 'R. '. .,T ^ ;i t ,% -N ';%, N '"N M'Y!
h, . , . . ,1 %

, 2. ., m;dz;26 %m,
.

'

.,

>A y
-

<, . . -
, . 7 . c. +, - j: q

?+. n- '. .. M q: n ' .. , 7 ; '.. ; :: v,
f,;,a.g- m- Nrk",%p.g , 'QA,i ,7A&'y ' 5 Seal Retaining Ring Downstream' t.

if
' " > N'.E i , 4 33% .6

-J- ,G.>.~-*'. -'06 ,
, .,

-4c ma ,'-
4 W.

- s > -
..

,..

M
.h w.j g C # W y |! $ w.mDisc Hydrodynamic Lif t & Drag Torque -- T.b y .g,.g ' .Qaf W t.g%iih

,

w :; w % p w y d <myv yy m h- 'n 4s a,w n m. ;p_

VALVE ~ Mb , ' ' T VS. OPEN POSITION w.
+ ' ' , }:.c o, V, ,- s .

MI.ZE w 10' 20* < 30 < 40' 50 60 j 70* 80 ' i ~ 90 [.

x;-W.:,q.g. ~: -. . . . . " . . . . .:-L ~ ~ ~: " - - ~ -- - ~ ,- ;~ -

. . . . . " . . . . . . . .-: %......v.... . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9 3" c M50 ~N O 'O O I - 2 5 6 5 ik
.

. '~

a n 4". ('t O |0 'O >1 t 1 3 ;6 12 116 13 t.
e.

.

g g" 3 , m . "1 ''2 * * '4 A 8 13 27 51 '68
_ 204 -

.

!
- 56 T> ' 8" ? "4 10 16 '' 30 49 100 185 247

*

. :110" c 6 16 -26 49 79 161 300 399 330 -

. 4-

|p12" ' . J15 :38 .60 s,114 182 372 '692 920 761
'

.414"' ' 4 23 -59 94 '177 ' '283 ' 579 , 1075 '1430 1182 \)
N 8"

16" c .41 '102 164 307 492 1005 1876 2482 . 2052

(NO" J64 L162
259 |

486 '778 1500 2953 3927- - 3245' ' 99 "248 g~
746 1193 2437 4526 6019 | 4974397

; 24" 214 536 858 1610 2576 5259 | 9768 12988 I

|.'23131,10734f;x- 30" 462 1156 1850 3469 5551 11334 21049 >27988 ,%36" 1884 '4710 7537 14132 '22611 46164 85734 113998 94213 p;
y 42" 2281 5704 9127 17114 27383 :55908 103829 .138058 i.114098 'd-J48" '3265 8164 13063 24494 39191 80016 148602 197592!s163299 h-54" 7388 18471 20554 55414 88662 181020 336180 447008 L 369428 i' Ese

558270 | 9 't60" 11165 27913 44661 83740 133984 273552 508026 675506 -

_ 66" 14942 37355 59768 112066 179306 366084 679972 904005 747112 i .-72" 22995 57488 91981 172465 275945 563388 g 1046293 i 1391225 i1149773 I :i'
rV

CLASS 150 150 PSI RATING yI
*

.24" :255 637 1020 1913 3061 6251 11609~30" '857 2144 3431 '6433 10293 21016 ~39030
~.15437 12758 N'-
51897 4289036" 1792 4480 * 7168 13441 21505 43907 81542 108424 89607

..

42" 3202 8007 12811 24021 38434 78469 145729 193772
270600 {- , l16014248" 5412 13530 21648 40591 64946 132598 246254 327437 !.54" 7336 18341 29346 55025 8SO40 179749 333820 i 443871 366835 ,L

*

60" 14428 36072 57715 108216 173146 353506 656512 872945 ' -721442 . . i
__

66" 14942 37355 59768 112C66 179306 366084 679872 904005 747112 i' 1
72" 30124 75310 120496 225931 361490 738044 1370653 1822516 i 1506212 | i.-

-

g

,.
Y kt '' f ',- ~ * ' U .* . $~ ? '

h
-

'
'7 es,

i
)1. T values = in. Ibs. per PSloP. ' r. f2. hall T. values are positive acting to shut valve.

.
-

,,

3. O T. values ? < 1. - " C.
~ ' '' ' '

,
. ,

%

b 4

''
'

,, s '' _ y > e

' /
.

g ' ,.

.s

-- , ,. _ . _ _ -iW mm .- % A /% n + - - - -

N
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31/ r ' , ' . . -TABLE 5 j, ,
1

-- ,. -

y.'. c , . jf ' ., j'CLASS 150 STD. RATING +g:(.G F ,, .

'i'. - [ '
'

) . , ,

'

.

,,,, ,

.. . ,',/ i. . , . M ,'
'

y , q <. ,je .-
,

c .
y, a

-

- y ,,
,

~ '';; , f .;| -

h; w'! < , c .

, ,

~, .|| .. y.:) J E " , ~ ~
, * ',~;.'; , .. V 's . .' c.,

' %;y~ [i p , ' _ y . ,
'' ...;, ,* <

,., ,

~~ ||k.':g R |,' '

; f.' ic } [
_ , + n;g

'

<_', - ,

n 4 (.g.y. _

,.pg .q ~ c. .
, , ,

,

,y (QS [' t N''I'.%) f 33 , h%i g
'3- '

, .

,;;

,[ dry ' x 4: .nu. .- i: ~:: )-ep; ; Tq) .s ' y'., c " , + , . . . '" ,
-

, ,,.- ,-

@t. AYkhM. '',d
* ;,' Disc Hydrodynamic Lift & Drag Torque -1T w MM i '.;;;f k M'?

.

' "'Seal Retaining Ring Upstream ' c ';+ -, ..c
3 ., c m -c .

Q
.'.3 . .,

.

;,
n, . o -

- .T VS. DISC OPEN POSITION ,, .#
-

, s , . ,,
V'ALVE .c. 3

SIZE 10 20 30 40 50 60 70 80 90'
7..... .......... . . . . . . . . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . .

p
h ...'. . .L ' '...|..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . ................

' 3" 0 0 0 0 0 1 1 0 >-5 y' ' -

, 4" ' 1 4 - 0 0 0 0 .1 3 4 r0 . .-13'

-

O 1 -2 2 5 13 '19 -1 M56[6" -

8" 2 4 8 .10 18 46 69 --4 .~-204 ;.

10" 3 6 13 16 .29 . 75 112 -6 -330
'

,

.12" 7 15 30 38 68 175 258 -15 '-761'

14" "11 23 47 59 106 '271 402 -23 ' -1182 .,m
j16" 20 41 82 102 ,184 471 697 .-41 -2052 yo

18" | 32 64 129 162 292 .746 1103 -64 .-3245,

20" ; 49 99 198 243 447 1144 1691 =-99 -4974

214 429 536 966 2468 3649 -214 -10734.24" 107
~ 462 925 11156 2031 5320 '7864 ~-462 --23131 ;30" ' 231

36" 942 1884 3768 -4710 8479 21669 32032 -1884 ---94213 >

42", .,1140 2281 4563 5704_ 10268 .26242 38793 -2281 -114098
.48" |1632 3265 6531 8164 14696 37558 55521 -3265 --163299 '

54" "3694 7388 14777' i 18471 33248 84968 125605 -7388 -369428 J#

. .60" 5583 11165 22330 27913 50244 128402 189812 -11165 -558270
'

66" 7471 14942 29884 37355 67240 171835 254018 -14942 -747112
103479 | 264447 390922 -22995 -1149773 :72" 11497 22995 45?90 57488 1

.

CLASS 150 150 PSI RATING e
,

r

24" 127 255 510 637 1148 2934 4337 -255 --12758 -

<

30" 428 857 1715 2144 3860 9864 14582 - 857 .-42890
36" 896 1792 3584 4480 8064 20609 30466 -1792 -89607

42" 1601 3202 6405 8007 14412 1 36832; 54448 -3202 -160142''

48" 2706 5412 10824 13530 24354 ' 62240 ' 92007 -5412 -270609
-366835!.54" 3668 7336 14573 18341 33015 84372!124724 i -7336

60" 7214 14428 28857 36072 ' 64929 1659311245290 -14428 -721442 .. y

66" 7471 14942 29S84 37355 67240 171835 !254018 -14942 -747112
. 72" 15062 30124 60248 75310 135559 346428 | 512112 -30124 -150G212 .

, - f. ' ~'o ,

. , _

9
,

.
, ,,

y
.

1. T values = in. Itas. per PSI /_ P. 3. Negative (-) T values act to move the disc to the C -33 "

full open (90 ) position. .j, .

2. tixcept as noted, T values are positive actine to . , .

3

shut vatve. 4. OT values a < 1.3 7,

<. , .

,

e

. e,. - - . - - _ _ _ _ , , .-- . , . , . - y-c----v- -w.- -- m. ---
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>. . . w .p., : m ,,-

.- . ~ .,. ...c.,
4 9. , TA8LE 6 c: 0 - s -

''
. ., ,

.

-
-'c CLASS 300 STD RATING - .

-*~ ' *> j
*.- 4 . .

,

.p *
<a . , |.

,

. ~- . , ,, . .. . , . . . ..,.,

b"j ' * ' ' , .,., g ) |I . ,
g

i -
# '

t . . ,. ' +/m;.s . ', . . ..
,

2 y v .
,., ,

. ,w .. ,
'

I gg ' * u4p

Q|.). Q:
.. : s. c,

Q| a . r''f., . . '.,,f
m ,, . ... ,

'Q .y'.* * -| > -| '

,, y- . ,
- (,, ,

1 y , 4. . .
1 --

3 ; - ,

.

%. + ? f;h.;. ?. i ~
'' ~ '- ~ * *[. . py J ,.; s. x , |

, ... ,

' _
,|. ; ' .,;q:) y , ,' ~ .' | _ ,; ;- W' | < ;.;i|: ' '

''
.

a *
-,

,

'h|R&;h.:,h,; 3.pi
' Y .WN&lt.2- * : . :; U :. - '

~

p.; ,,

.I ; .[.I , &' ' ;y" ", ',-1 ',&_Q
_

,'
7,q . z3

. 3 _y,s * -.
.. ,. _

, 'i* "~.1, ,. Seal Retaining' Ring Downstream ' '' ', "'' ', |Ajyn, e ;q,- -
.

t ;. 6 ',7 % %.e c i' ' Disc Hydrodynamic Lift & Drag Torque - T.
'

< -

> n v, . , .-. , .e. . - ; e,.g . ,, ,

T T. VS. DISC OPEN POSITION - ,'' '

VALVE. ' ..

J4 ' ' SIZE . -1ga 20* - 3 0' 40* 50' 60* 70 - 80* 90
*

f ',. . n ..........i -
-

.

...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..........

s . . . . . . . . . . . . . . . . . . . . . . . . . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

'

3" - 0 0 C 0 JO 1 2 5 6 5
'

'

~ 4" 0 0 1 -1 3 6 'L12 ~16 ' ' .'13
'

6" 'I 2 /4 8 '13 '27 51 68 56'-
,

'

57 81 f. 688" 1 4 7 11 21 34 -

L7
- 0 10" |3 9 17 27 51 81 '' 136 192 162

'12" 7 '21 ~ 39 60 |113 179 298 422 '355
,14" 9 29 54 84 158 250 416 590 495

.

.
'

520 -f737 762016" 12 37 68 105 198 313 i-

1^ 18" 28 86 158 244 460 726 '1208 1711 1438
'. o 20" J 30 92 169 261 493 778 1294 1833 11540.

1

'24" 41 125 229 355 668 1054 1754 2485 '2088
30" 143 429 788 1218 2292 3618 6019 8526 7165
36" 287 861 1579 2441 4596 7253 12065 17092 14363

42" 686 2058 3773 5 5381 10976 17321 28812 40817 34300
48" 429 1287 2359 3646 6864 10832 18018 25526 21451

__

J

4s
,

1. T valuer = in. Ibs. per PSloP. -
-

t-
2. All T t ilues are positive acting to shut valve. i ;

.

3. O T. values a < 1.
e' v, .,

/ s

' '' ' 4,

4. - 9 . - . 9 i r (.py:-
,

.

.: q. ; .a-... , .

>(..,..
,

af

. .

| ,,#*

3. 1 .

9 e % )

*
. 4 -

*' '

*
,. '{ .

34 f '

.
-
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, -
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.f ,3 nu -X ' CLASS 300 STD RATING
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.
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y:.y 73 ,
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. s er * . - .g ,*w_5 ,. , h ,;' ' , , , . '

y .

m r,n y a wf.',c ':- .,
.* :%rs * ,., u'4,t.. . , , ,

' *
. -

I t'', , . c, 4
~ ..

,

! w e.
.. ro & - h ,:.. iw ..- yh : ;f h a :| ;;d(;,;.,ig j:.tz:

..
~

.,

%. -||%.}<.: M.; -| y
'

4 ,, , . _ . . . , , o.
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'
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- , 1 . , -e .:. o . . ,- ,

; .s.,

h.;':,(. , ~ Nf * ' ) } &ij
1

' ' ,G
'

.,Q~. .',4_ |, ;,j. - 1 ;.. 4 :, ;.?
'

c

, , , .
.

c m .s-s ,.. , , 3 ,

11W|.ph,$'; C | bc . (;fs , b x 5//_Q q'. t ,. W 6 % .i.'.c. '.1 m. p
- ; '

. , w. . . .e s* ". n i.v. , r <y ~ n.. .a. ~
- V4/ I ,', ,.;; u. ., . ' . :p
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-
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"
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%(w;:,c a Seal Retaining Ring Upstream
~ p . ..' 'T ~,

,.<

''7 M. , [3 7 ',' ' Disc Hydrodynamic Lif t & Drag Torque .T
,

"yO? , W' ' ,

3
,,i - , .

,

.
~ - .,

T VS. DISC OPEN POSITION. + . ,.

VALVE 3

: SIZE 10o 20* 30" 40 50 60 . 70 80 . 90*
<.s oe m .>

,

...... ...... ..... ...... . . . . . . . . ........ . . . . . . . . ...... . . . . . . . . . . . . . . . . . . . . . . . . . .

b...... . . . . . . . . . . . ...... ........ . . . . . . . . . . . . . . ...... . . . . . . . . . . . . . . . . . . . . . . . .

3" - ,0 0 0 0 0 1 1 10 ?. o-- 5
' f.

'4" .0 0 ;0 _0 1 .3 ^4 ', O' 5 13
< 6" * O 1 '2 2 5 13 19 --1 ::--56
(,

4 2 8" 0 1 2 6 8 10 '4 -22 ' 68.- -
,

.

. 53 '-162'1 3 6 . 14 21 24 11,10" -

'

14 '31 o 46 53 24 .-117 '--355'12" '3 7
. .

'

14" '4 9 19 J44 64 74 ..'' 34 -163 .-495
,

*

*~
- 16" 6 12 24 55 80 93 43 - 204 -620

,

18" 14 28 57 129 187 215 100 --474 -1438 -

'

20" 15 30 61 '138 200 231 '107 -503 -1540

24" 20 41 83 187 271 313 146 -689 -2088
30" 71 143 286 6'4 931 1074 501 -2364 -7165
36" 143 287 574 1292 1807 2154 1005 -4739 -14363..

t

42" 343 CSG - 1372 30S7 4459 5145 2401 -1J319 -34300
48" 214 429 858 1930 2788 3217 1501 -7078 - 21451

m.
. . , ~

1. T valuer. = in. Ibs. per FS!AP. 3. Minus T values are negative and act to mohe the
3 3

disc to the full open (90 ) position,
,

' ' J ;l;
2. Except as n'oted, T values are positive acting to .

3 im-' .g:,~ .gww.,.c) '.
shut valve. _

,
4. O T values a < 1.3

: ,,
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Disc Hydrodynamic Lift & Drag Torque - T, - - :
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Ui; OALVE ' T, VS. DISC OPEN POSITION . ; ;, .< - -. 3

|:'[ . SIZE [ jo 20* 30* 40* 50* 60* 70* 80 90*a

..

. . .

-,0 0 .0
..

,O O , .,', O
.

'".
~ f. f4" 'y'0 0 0

. 40 -0 ' 'O.. 3" '.
'

0 1 0 0

'

: 4

0 ,0 .0r ;

1 6" O 1 3 .3 6 '8 13 :14 " ',13
.,

*'.[i

y' -.
<.

'

44 . .:. 146'8" 'O 5 10 12 19 ~27
c,&. 43

"

.

l05'1 13 26 29 - 48 .67 - 107 11210" '

'.3
a12" 1 20 38 :43 : 71 .99 158 ~ 165 5154'

.

''
~14" .2 27 52 58 96 133 1 213 223 x 208,,

7 '16" 2 36 69 78 128 178 284 :298 C279
" c18" 3 43 83 93 153 214 341 358 334 ,

. . . . .

'; 20" 3 41 79 :88 146 203 324 340 317
' . ' 24" 12 166 319 357 587 818 1303 1367 1278

'

..

, .

n.:q; > Q p.b n- , . u.,, ,

,

. , .
-

, \; . , ,;.x,,

. ..

~
,

-

.

" ~ ^

- a,1. T, values = in. Ibs. per PSIAP. .
. ,

.:

2. All T, values are positive acting to shut valve.
, .;

'

'

y . .d'" .I 3. O T, values a < 1.
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, Seal Retaining Ring Upstream ; 'g u.. 4.,y .

4 & N M 'I.m, ,s..,y- Disc Hydrodynamic Lift & Drag Torque - T JA~3 w .> . .

3 . ":M ,-
,

m- . ~ ~; ,. , ,,

p4 , d.ALVE d.Ji " T VS. DISC OPEN POSITION*
- ' -, ,. 3

[ SIZE 910* 20 30 40 50 60 70 80 90
'

'

.

1, 0 .0 0 - -0 0 ' O "7sjr . ..:

;.g .t 3" 4.0 '0 10
''' '

'
N24" , O 'O 'O 'O O LO O O 0 f

'' 4
s

h" M.0 0 1 .r; 2 ,. 3 . .2 0 ' -6 - .13
'

,6 ,# 4

'

J 8" 0 2 ~3 8 9
~22 -6 -55 -105 ;-

9 -2 -22 - -43. .

" '

.10" ' . L1 5 9 21 24 '

1 ''7 13 30 35 32 -9 -82 -154'
t],12".,

|14" 2 . 10 18 41
'

8 .43 -12 -110 -2084
,

2 13 '25 55 64 58 ~-16 -147 -279 4.'

.16" -

. 18" - 3 16 130 66 76 70 - 20 -17,7 -'334 e 6'

<
.~ , _,.

, ..
. c.: .

I20" .'3 '15 28 2 63 '73 66 .19 -168 .., '-317 .". .J.ri,24" J12 :63 115 255 293 268 -76 -677 , -1278
m.% .. ..

|'.'f .' jj_ Q 7, .,

x, 9 '' g q ', m;*;g'
, Ai, e n ) .1.m e r ', g Q^ , ,~

4** 2r .h : r . . -
v , , " ' . .

~ s, u?p % > :.* y - ,*

. ,< , y gg.; - . ..

w- -
-

, * ,

W '~1. ; T values = in. Ibs. per PSIAP. IV. ACTUATOR SELECTION n - ..
3 ,

,
- g

Y'2. Except as noted, T values are positive acting to Published torque values for Posi-Seal Trunnion
~3

.[. shut valve. . Valves include adequate safety factors and do not
,

3. Negative (-) T values act to move the disc to the require additional safety factors. However, whenTyf3

- full open (90 ) position. sizing actu ators for specific valve torque require-[.,. ~*

4. O T values sr < 1. ments, decrease the published actuator torques byM
3 s. least 10b to allow for a realistic safety factor l' ~

,

in actuator selection. When selecting fait safe
III. AERODYNAMIC TORQUE actuators, the torque output at the end of the"-

[ Aerodynamic torque resulting from gaseous flow is - actuator spring stroke (ending torque) should be f.J. *
used as the basis for actuator selection. When thenegligible compared to Hydrodynamic torqu e. ,

' \ However,"when in doubt concerning a specific " - operating AP used for actuator selection is less @ d
application (such as applications where flow is than maximum line pressure, contact the factory -

! sonic) consult the factory. for sizing torque. .,
'
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