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» ‘ _ INTRODUCTION - -t

~ 3

The main purpose of this dissertation is to study in

depth control wvalve seats and discs which-are the core of a control valve.

These are wetted parts and called trim of a control valve,

v

R Basically, what we are looking for is a situation where two

bodies (seat and disc or plug) are contacting each other. By doing so

they are modulating and controlling the path of fluids. This can be

considered as an immersed body restricting t}ie flow of fluid. The seat

: \ . e
is the' fixed body, whereas the disc is the moving part.

©

In Chapter.l,a control valve as described consists of the main
gub-assembly such as valve body including trims. The valve h)dy and ag-
sembly 1s the portion that actually controls the passing fluid. It con- -

sists of a. housing, internal trim (which regulates the fluid flow),_ bonnet,

and ‘sometimes a bottom flange. The valve bc‘:dy sub—assembly is a pressure

-
-

carrying part which must meet all of the applicable service conditions

such as pressure, temperature, elevation, corrosion, etc,

"There are various types of control valve body sub-assgemblies to

suit individual service conditions and pipimg requirements. Each type

has certain advantages and disadvantages for given service requirements

and should therefore be selected withucavlre. Also, special ’atten\tion
should be given to radioactive and corrosive (heavy water) fluids, A
since these have a d;vastating effect on the wetted ‘parts of the valve

materials. L -

4 -

In chapter I, for the sake of better understanding, valve .

typés are grouped by mechanical functions, suc/b/ as linear motion stem—

L
P ,

- ._,** . i i I ln‘ -
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plug to sdat (e.g., globe, angle, cage) and rotary action to stem-

2

disc to seat (e.g., ball, butterfly).

In chapter 2, valve trims, especially seat and disc, have been

.

'discussed in detail. The primary function of a control valve trim,

which is thg movable element (disc) of the wvalve is to restrict the

4 : flow. 1Its s;\lape fixeé the relationship between-;:'}ow and plug-]:ifg N

1’ position. A secondary function of valve trims may\\be to shut off
tiéhtiy and present a complete blockage to the flovk These functions
are accomplished in conjunction with body-shape, actuator (operator),
stem packing and line fluid fo;:ces acting upon the trim. Thel overall

1 -

valve desi’é’r‘i&m service application must properly relate all of these

parameters to obtain good valve performance. The following parts of '

PRETA R 2

the valve constitute valve trims which are in contact with process
Y .

fluids (wetted parts):i : : ) . P

4

Plug, seat (s), st:.em, bushings, cages.

Stuffing box components (usually within bonmet) consider’éﬂd as trim on

the packing (usually circular rings on round stem) follower, Spring,

~

lantern ring and packing retaining ring. : '

Secohdary trim parts use stem—to—élug attachments, seat&re-
tai;ling rings, seat to body seals, spacers. Parts excluded are packing, )
bonnet, bottom flgnge, and glasket sealing bonnet‘,and bottom flange to
the valve body.

However, it is clearly evident from the description of seat

disc control mechanics that an absolute leak tightness is an idealized

goal. Also, a judgment has to be made regarding the optimal finish on
a seat and disc. For example, 1f the parts are too finely finished,

they will be easily subjected to damage by any suspended particle. r




In seat-dise contact theoﬁ', an. attempt has been made to
quantify mathematically valve seat-disc design to satisfy stringent ‘

service requirements for long term leak tightness. The conclusion

v

from this sectionycan be drawn by remembering the basic fundamental °

difference between "CONTACT PRESSURE" seals - h.igh ptessure and low -
®

.
area, and "AREA" seals - low pressure and high area.

0

Finally, in seat and disc design for the globe valves section,

[

various designs have been described; particularly flat-faced seat and disc,

included-angle seat and disc, seat and disc alignment, disc guidance

have beén analysed. T \ ' :

In chapter 3, sizing techniques for control valves have been
described. It is evident from the analysis that s'izing and selecting
a correct control valve and trim for the system depends upon a complete
knowledge of the process conditions that the valve will experience in
service. A "cook _book': solution can create undue problems. It is

éssgntial to understand and appreciate that a control valve includiné

.

trims is only part of a complex system which conht.ains fluids and
véii&us hardware, therefore, the method described in chapter 3 to size a.

control valve is based upon the clear under'standi?xg of fluid thermodynamics
i o

and valve hardware design.

r

In chapter 4, a brief resumé& of the various flow characteristics

of control valves has been depicted. It has béen established that the
<

interaction between the control valve flow characteristic and friction

loss in the lsystem is very critical. This should be considered and, if

I

possible, analysed theoretically, at the design-stage of the system,
!

(on loop). The main problem involved 1is the basic assumption that the

¢

s
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¢

- flow through\tl'ue control valve remains the same at wide.open position. :
. . R LY -
This is not true in dn actual $ituation. The only parameters of the :

valve specification sheet that remain fixed are the flow rate and ‘

pressure drop. & , ‘

e LU

5 ) : . In chapter 5, the control valv}e actuator has b\een analysed. .
. The purpose of the actuétogis to prow"ide.t:he required fbrceu to operate
‘ thé valve fhrouéh the range of the valve travel. The diaphragm actu~
s * ators .are economical aﬁd utilitari;; wbile the electro-hydraulic actu-

A - . ¥

3 . ators are used for the high thrust applications and may offer economic

1 B {

aa'vantage's even with the inclusion of a positioner. The size of the

actuator and the operating pressure range determine the ava:ilable

B

LY

thrust. In addition, other important actuator characteristics like
v [

" N accuracy, load sensitivity, dynamic stiffness, stroking speed and in-
' ) . , ! .

i o put' impedance are discussed. N : ..
i .
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Chapter,1 THE DESCRIPTION OF CONTROL VALVES

-

N

+Introduction

-

—J(a):Globe Valves

.

The designation globe valve encompésses a large number of
» 3

designs including the hand-operated and pbwer—actuatéd types

used for automatic control. The common feature of all is the

internal construction, consisting of a disc or plug or cage
moving within the valve body and mating with a seat to effect
closure. Globe valves are normally used for throttling ap-

_plications and the design usually 1ncorporatés a tortuous
. ¢
flow path ~ often 90-degree change in the direction of flow.

Most designs are unidirectional; a flow arrow is indicated
on the valve body. Pressufe drop across the valve is often

-high in a globe valve and in oqur to minimise the loss, many

manufacturers offer Y;pattern and angle-pattern valves.

(b) Ball Valves
\ ¥
Although ball valves have been available for some time,

they have only found widespread accéptance inj the chemical,

o

petro-chemical, process industries and power plants within'

¢ .
«

the past fifteen years. This ‘has been due both to advances’

“

in elastomer and plastic technology and the development of

machine tools capable of mass producing the wvalve balls.

. Early designs were metdl-to-metal seating and were not

bubble tight.  The crude packing and metallic seats of the

‘early types have been replaced with materials Yuch as flu ri-

nated polymers and nylon, and the balls currently produckd

> g AS

<
ey

.
g s Ve v TR AT i, s DR I

e,



are much better than those in earlier designs. The ball
. valve 1s basically an adaptation-of thé blug valve. .In—

stead of a plug, it has a ball’with a hole through one axis ;-
to.connect ghe inlet and outlet p?rts of the bo@y: In the
"open" ﬁbsition,‘the flo& is straight through, whereas

s turning éhe ball.9Q degrees eff;cts shut off. ﬁéll valves
come in venturi, reduced and full port pattern. é?ressure
drlp is a function of the port selected; in the full port

pattern, it is appreciably the same as a gate Ylee of the S )

A same size ana rating. As with the plug valve, ball valves

3N

ﬁay often be obtained in multiport patterns, effecting

savings in valving .and other piping components.
. IV e A '

(cy Butterfly Valves Y

The design principle of the butterfly valve is the same .as ¥
A
that of a damper in a stovepipe. The disc or flow-control

element has about the same diameter as the comnected piping.
Q-
Butterfly valves are made in the swing through style or with
&

. seats for shut off. In the shutoff valve, the disc is ro-

Y { tated against a seat that generally incorporates an elasto-

e

meric seal. Low-working pressure valves often are com~

pletely lined with rubber or other material in closing.

The disc compresses the lining around the entire 360-

R
degrees. A number of enginéers feel that when the seal of
the disc against its lining is directly in line with the & '
stem, it 1is very difficult to maintain the seal in the area

3

. of the stem. ’Iﬁ other words, if the seal of the disc is in

-line with a projection of the centre line of the stem,

\ .




a problem m&y result in the dg.sc seal. Because of this

design feature, some manufacturers cause the seal of the

’
* a

disc to be offset (from the projection of the .centre line

" of the stem). Bl.;tterfly valve bodiesvin small sizes :;fe
of the threaded type,. that‘i’s screwed directly on to the
connecting pip‘e. In '1arger 'sizes, the valves are deéign)ed
- for installation betw:aen a pair of pipe flanges and are
clagsified as wafer style or lug s‘tyle. Where the wafer
valve body is used, the bolts span the body. The lug st)rle

was dégv_eloped to facilitate dead-~end service. Such a wvalve

body is equipped with 1u§s that are usually drilled and

A

tapped. Bolts can be installed from either side and thus

the valve can be left in the line when piping on one sfde \ '
H .

2

" 1s removed.

.

4 Butterfly valves are good for ON-OFF or THROTTLING

A

servicé, and cause low fluid-function loss. They are fast

acting, since one quarter of .the stem will change the disc
\ .

position from fully opened to fully closed. The lined
\ (

valves are limited to pressure not more than 150 pounds
per square inch, and all butterflies are limited in temper-
ature by, their seat and seal materials. Valves that rely

! Al
on the elastometer seal are available-in pressiutre classes,

including ANSI 600 pound. Valves for high-temperature
N 5 o

service are available with metal-to-metal seats, but are

not tight-shutoff valves.

-




. . ’ . . . ‘v's°n WHSNQIHNEEmz *

/ - - k
. — . . ]
. . . . POITWIT &, ,mmm.,t&m (18) SoATCA 2Q9TH ’
o . . poyeesratqnog T°'T -STdx
. . © TeeS MOTT3g : AITOIXOL | (a)
L ¢ ‘ . uoriIsog 350710, Inid ]
P) . T2199dg :uorIlElITAR) (AT)
. . N Q./ ﬁ& | - “ -
) ‘wypa) PpeuspiBY pUR
- - . UOTIDSTSE TeTI9IBW © Butyserd (ITT)
- * ) > SwT1] psuspiey : ﬁOﬂWm.Ho.< (r)
. . = i
e - - . ] . UOTF3IDIT9S wmﬂuwumz.".COﬂmowuoo . (D) ¢
. - _ 4 fang snonpay (e {
| i : .
.mmmﬁm> aqoTy IIe o3 oaﬁmoﬂﬂmmm.wum,mumumsmuma udrsgp BuTMOTIOF BYL :S230N i
’ - L/ l\ » v * - 8
o . . _ w
m . B umpaK :
B -~ £ayTrqeded | -
W *9ATEA 2qO0T3 b A v (11 )
peleas ardurs ueyy | 000% :dep o) . :
_ juamaxinbax ad103 o pe3ey 3o . 9T 00ST-0ST .
a03en3oy zofyems 00018 :se9| wc+p 3o
o - *UOTJON IBIUIT ‘| @8eyes 00ST{ Butaiey (*xer ,,%7) .
) ST uoy3idoe wels | 0092 ‘BI¥T| unwrupy o3 0ZY- . &pod (T) 9T - u¥/€
m / ) . A mm e o !
P . SXAVH: AONVHE O JOVAVAT | dHWdl ANSsTAd d4Z1S P
: ) _ aaivd )
NOTLVOIdIDddS  TTVOINHDEL  dATIVA
. . SAATVA TOYINOD IO SEJAL T @adeun : |
. ! i e K
i ~ " 1/'\ !

R YT —
-

. - <

L p

T O L ATt S

- -

e e o T




. N . 'v'stn ‘1PUOTIRPUIIIU] URTTOUOSER x kﬂ

. _ , . . L
’ ) . 2ATEA . ]
) i . 4 ®q0T9 paprng )
) ) wo3ljog % dog i
. . ._..u.om ZLITIGVIONYY €2 poi1eas-o13uTs 2°T *813 i -
- N . * . nq -~ .
N . : : . uoTITsod ,AS0T0, 8nTd
: ) . snofrss  JILSIHEIOVAVED 7 _._ ~_| .
. : M0OId INTYAHNI / . '
’ 4 . (4 —_ | .
N L :
: =\ L
” Io03en3de ° . o
- Tniismod . : . - U 3
. - \ axoum uor3rcoy uwodg, 8nyg %
. ® Yyymm ] “ y
:d
oozy M> 8897 a0 o . . l.\l_.”? ¢
. | ooozs :hen »wouwwmm . 1. AN I I/._ ‘
ageyear | 00cT | "4T 00ST_- OSTY, , \ -
90TAIRg TBIdUan | 0057 :brT wnwrugR |03 0Z%-}sutisy Lpog 43 . i o ;
L A 4. v . «
Ku SYUVAEY HONVE 0| FOVAVAT | aWdL TNSSTIL HZ1S _ _ , /.I.lf xll
. v : . TIVY - .— .
, - - : = -
, . oo AL FATVA
\ . NOLLVDIAIDAdS W IVOINHDAL  HATVA : \ a4
‘ SEATVA TOMINOD A0 SAJAL ¢ T 293deyp

° . - b}

v

— e b L e < mdeamre s e s
e B T KNS e ~e Fahabad i Namtt b~
. " L - £




ry

o ehe 1 S A e o

‘¥°S 'l ‘STOIIU0) IDYSTA ¥

R g

antep 9qoOTo
pepiny doy

poleas—aT3urs ¢°1 °*STds

uoTIFsod ,dS0TD,, Snid

- 10 -

bl 8
: 5 ' \.\ UOTI®3IVITIO
b \ . 2 paxma 1o3en3dy (TFF)
. ) dupy-uy  ‘oduruljurew wrxl (TT) ’ ‘
ca ) ‘(ofaex 3oEdS/IM
. _ 4y3TH £3Fauenb aagep (1) AR
NOILVITVISNI (p 1] T
. . P
o ’
- | 009z +:dep )
n
D paley 9 —> .
"PIqeTyeav | 000LS :S®3|. 3o Z10°- QT 00$2-006 2 .
330Inys Iy3iL °8mive1 | | 00ST (,,0T) {(**®H ,,0%) 1
. "99TAl9S TBISULY 00/1 :PTI] wnuwrury | o3 .02%-| °s4T 009-06T{ .91 - Z/T
ONILVY Ad08 i )
SXHVHIY FONVY >U FOVAVAL .MMMH F40SsHdd HAZLS
~ L _ _
. qELVE ) .
w . . P
-NOILVDOIAIOA4AS " TVDINHDIL JATVA A4AL FATVA

) SAATVA TOYLNOD AQ.S3dxl 27T 293dey)

- -
-

N




& = - - : o S—
\. e (R i B o ¢y MO e e PN TELE SO 7 g pmrm oy a1 o o gD TR A Rl
. ° [ * -t
- - - .
P a - "V'S'N ‘TPUOTIEUISUI UBTTOUOSEN »w
. - . i ‘ aATEA 29019
. L ¢ Apog 311ds %' °8
2 \ sax X714 Tred (79 ST TR
' : sax 9so1D T¥ed  (TF)
] - - woy3Tsod 35010, 3Inld
: . i §3%, uadp TTEl (m . . .
© N N > ) —J
. ZAOW TANTIVA YOLVAIOV(I ol )
: i ' ‘ l\.'l\nlu
T . 1
L. . Juswleail , 2
L= - - .m., yjed pue aosinog 1usWaleqe SSTON (FT) )
‘ : ° Jusw3edxl | T
- 90®BJINg pum- . 3JUSWUOITAUD ; ,
: . s UOFID8TO8 T¥IIIIBNH 18918444 (1) . |
< ¢ f )
S »  INSANOWIANA(a uor3rsed |, 43do, 3n1d -
v - /JI A 1
. A1quesse aT8ue *aqoT8 A _rr / H._
. urérig Supdid pue| 00YT ‘deal ) . ) - . ;
sanjeladumsa £q paq po3wy joO —_— 0 l\'
4 PRI go00¢ sen| 2570 30| oosT| S =
uog3esr1ddy paseydaa ‘ a3exea] 034,,0T)4T 00ST-006) : : .
ATypesa Burx 3eag) 008 Y1} wnwrumk| ozy - {(.TT)4T 009-05Y op L 3 _.H ﬁ_ -
JDTALIDS [RIDIYDD Suyivy Lpod (TF)
. A o, .
- S L dONVE D JoviAval | mtmﬂ. JANSSAdd ' HZI8
M i aaive) .
] d . . :
! . - ddAL FATVA
{ NOIIVOIAIDAdS ¢ TVOINHOAL  FATVA . F
m . * . - SHATVA "T0YINQD mmuwmu.ﬂ. T°1 z9adeyy .
b o .
a5 @ o e KA Kb St ¥ v s S g, P 5

o o




e e T M AT S

- v . N ﬁ. - “
) . ) N 'V S'Nn ‘Tyed-toumney
¥ -7 - — ‘suoyaoeuuoo -
) so ssaTo8ud A - ’
. : . 3 T Y (¥2) aATEBA 9GOTH .
. . \ 591 SUOTIOIUUOD PIMIIDG (8) udrseq @3e) (T "8Tdy
. - .
| ) . . SUOT3TSUUOD 450710, 8nT4d
& ED G pua piem 1ang (AT)
¢ E! - . UuOoF3d3Uu0D ~.|>||!_
82 28ue va823u] T
. N . . . A -o 13 .m,, (rx VJ , %
PN £ *018 Kolreasey T
ar o - , . STRTI33IEW
. saX - Apeq d7130Xy  (¥T)
. > | ” .
. < ® L _ _
i 129318 *§ ‘1991s -
89X fuoll sT,3eR ' .
. Apog paepueig T \
N ° - nA .v _.Emo: w:.ﬁn—
- ) STVIMAIVA .
. ' NOIIDNYLSNOD (3§
8uTuode 39uUNOqQ ySnox 5 - -
e A ATOIIN pgp1 2den| -0 perey -
SurpyInd 8n1d ‘a9339d . 3o ¥5°0 00ST
i T L§:]:2 . -
" 3urT3l0aYy - 9TqRIe IIGK oowm.u ° s8eyeo (O3 0TY— *9T 00S2-0ST sll=T
‘myz3 a8ueyy %oFnd [958 :byy| wWhWTUImW ; Suracy 4poq
. > 'H -
. zonve "o dovivat |- aidL TINSSTA 718
. qaIvd .
] NOIIVDIZIDHAS . IVOINHOAL AATVA

- SIATVA TOYINOD d0 SEIXL T T 2193ideud

I T




[P

' . 9ATBA 94OTH ,
. ~ l Apog o13uy 9°T "By
) o pa3Tuyr] TedFa3oety (FTT)
. . 7 \\ c o1Tneapy UOTATSOd ,NEO, 30T
N -7 : 9TqeLTRAY - . «QI39913 139 . ; :
S —_— O
- i i ¥IMO1— Y
) - e m3eayderq vewassy | | S onms 1vas
o pavpueas opimmmsug () |l ndisesy \
. ' - - . . NOIIVOAIDV (yif ,_
. . ] ) . ! _L

uh31AEy : , waNn

Apoq 8urysniy TTNL - . M GLaveil] .

" (sayour 4T y3noayr)| gy {dea (.9) °41 006¢ weals
907A198 SATSO01IL0D) . . 4 * (,,0T) fow - Xew DNINSNE 301nD
*99T7AI9s JJO-UQ UT| 00GET :SED| A . 9T 00ST—006 HOUT 9€) | bng —>— pNDIDVd
A13uenbsay saouw pasp J PeIRy 00ST (WHT) T :
¢ . *9oue3lsTsdY MOTy MOT| 08IT :brI| 3o gz10° |°3 OCY-| . 49T _009- 0S el 74 ) wamo1104 ENIXDYE
- 1 — -~ — wdﬁ\vﬁw}t m\m.mlwg AQo8 ¥3ddn
. T .SHEVHAY AONVY O Fovaval |t &&mu. T TanssIdd s azisy
. - ‘ qaivd ) ) ] .
- - : ERR ' 2

- . . AdAL FATVA

. ~ »  NOILV]I1i123ddS . ..UEUHz:uE. AATVA i )

@

R T

1

- s

SAATVA TONINOD A0 SAJAL ¢°T a@adeyd

oA

)

e pear - T

avmee




T e e RS TR

-~ . A " - o O N T rsovecmmseme. ... N T e oAt S
- " ©
- L f Q,,
. PATEA 290TD “
c Apog °13uy 9°T 314
) 12 uoTiysod ,@S010,, 3nTd
. : — 13%5vO |
ITYH AQOB DNIY 1V3S “
’ . mo .- SWIHS
. - ATOW3ISSY ‘ONIM LY3S
-W31S ONV -
- , oN7d IATVA i3
- | i ) l
B *98ed’ Suypaosad uo asoyl se swes 8yl [Te STIela(Q oy
lvas- i g
- _ ) . “Nu3iNVY — 43NN ﬁ.
. . ‘e u ) NIHSNE 3aIND
umﬁ_..xwmu DNINOVd
. . - JIVH HIMO1104 ONINOVd
A N AQO8 H3ddn
STV muz§ J JOVAVAT |° dWAL, NINSSsAId " dZIS
B : S ) T AIAL m>q<>.
NOILYOIJIOHdS « TVOINHOAL  FATVA ) :
i SEATVA TOYLN 10D 40 g3axi  T° T zeadeyd - .
~
.5 \<
) - . { .. - : . -t -
. A -~
- i s . " S 2 T s W ottt e NN e R ——
' . . PR S SN




PN

e b R i SR 5

4
‘

* R
TR RTIRE SOSIIT RSN n) s L e TP A ORI SR

‘v°s*n .HchﬁumcumucH.cmaumcommz*

-~

(pP2310ddns)

SATEA TT®RH TTM

L°T *8B1d =

‘61 @8ed aes ‘seaTBA TTBE 03 °2[qeoyidde siojoweied uSfsap Iog
N - r/,l ’
5 . D *ZLON
(14
<. UoTITSOd ,NIO, TT®E _
’ /II\ xsv
4 N
; : X > 2
*9ATEA PurTedId o0%9 :dej i 4
. 90TAIDS -~
doap sanssaad y3tH | 0008zZT:s¥9 - - B .
*9nbio3, 923€I2POR ) " 3Fo-anys 0s8
*330-anys 3431y | 050L :bIT st - o3 0Zy- *q1 00¢ WIT - W2 4
. —— 8utley Apog (T) R :
A . 3, -
savidy  FoNva “o| movaval | ada ZYNSSTYL |+ AZIS ne
’ aaIvd ) . Co B
~ - . ~d4dAL JATVA
o NOILVO14A104ddS+ ‘'TVOINHOAL AATIVA
S " & SEATVA T04INOD 40 SEJAL 7°T 193deyd
, > . - o
’ e 0

- 15 ~

-t Vb n




6T www& ?9s

. WV

‘soATeA TTBE 03 °9T7qeofrdde siojsweied udTsep 101

$4LON

+y

Taged 8urpeosad uo se awes ayl FIe STTRI=(
®

-

aonve "o| aovaval | adn TaNSSMId . azIs

(p2311o0ddns) i
aTep TTed TTRd  L°T 8%

-

e

.

NOILVOIAIDAdS 'IVOINHOAL HATVA

ddAL AATVA

7

. SAATVA TOYINOD J0 SAJAL

\

. <

~ e

Z°1 -x9adeyn

W a s e m ow e - e v e RN 2k ot 5 oinili £ L

- 16 -

B ]

ee. .

E
.L
3
.
o
E



< e 2

g ke o DY AR ~
l { LT

*y'S'n ‘sToxjuo) 13YSTI x

‘6T @3ed o9s

‘saATeA AT3Fa933ng o3 aTqedt1dde xajsueied udrsap aog

) ’ $TION.

+ . A

. -g2013op UT Bupuado OSTp aATEA

aATE) ATFxe33Ing )
, Apog paurl 8°'T "3714 ¥

‘HoInys sbexeay moq Alowa x3

- 104 I8Ig 1suiely |, pajess auns
~$8.d,, SI 189S- [ ~PAzIMNssSald 13q
-weyy (ess "pasol) asiq

IDUTT JITL

*a1qeTTeAR udrsep |.( 06) .
19uyT o[qesde1day

x(,06) . =
L 009¢€S
£(,09)
1 o8tez :dea

L0 e | - .
0000401 - '

(09
08og9y:sen

00129 _

Jjo-3anys

-3303nys 3u3T3 °qqng

v (509)
00T9T :bTT

.

Y31L

"2,00%
031°0z-

Suytaey Lpog
q1 00€-G¢T -

n9€¢ = 2

Jaquiey) [eag Ul ainssaid oN ‘uoi) <
-Isod 06 ‘usdp Is1g

A2UTT H4L

. SYYVHDY| _BONVH D

JoVAVET

L}
- o

Tanssdad

' HZIS

-

0

.. NOIIVOIJIDAdS . TVOINHDEL

ANTVA

- * SHATVA TOVLNOD -40 SdHdAL

Z° T 2e3adeyp




N . o

AT BT — A I T T L B - E T ) l,
~ T~ - , - ot
’ ] . .
' . s *v's*n .anOﬁMmcumucH UBTTOUOSEBHy .
v - - \“‘/ \ v
aATRA AT3a833Ng -
. wahﬁ 28T 6°T .wﬂm¢
I~ -gT23rd 29s “saaTea AT3a931ng o3 o1qeoTTdde 193suwexaed ulysop 104 uor3Tsod 45019, °8Td ”
. N T3LON
. . Y~ . :
+g99133p ur Sutuado ISTP BATEBA »
(_06) - ;
- 003212 ‘ -
. n oowu, s - - . .
-] 008got” : dea 4 - . \
; ) , ’ @
«} *20FA33s sanjeaadwo] | ¥ Aoom . ’ ~
~ . - { 0000ELY T ' !
u8ty xo3 Bura Tess |x (,09)
Telas Yiys 2TqeTIBAV ooomKNm S®2
swaTqoad 33evedTf, mo& *330-3nys ] , . -
: .Te95 WIS I9MD 1343 ]
’ 1 i 509) Y373 0012 N |
“aoegang Fupiees|oofeil :brT a1qqng | °* 0¢¥] 4T 00€ wlle =l
2510 paidnaiajutug p3utiey Apog (3)
- -
R — TANSSHUL . AZIS
] ;
. . - 24Xl AATVA
NOIIVOIJIDAdS « TVOINHDIL JATVA d -
. _ ) . SAATVA TOYINOD 40 SHIAL T°T z93dey)
- . . ~ ; \”
\\ . ) | . ”
; - /S - ; .
- ’ - 4
LY a\( '
Rliat] ;l& acmgt s {.«?&ulsﬂitxb‘ LU e e A T <A ] ...pab:n,?:li:t{' LA - Rt




ALTTIEVIONVY

JILSIYILOVIVHD

MO1d INWYHHNI

T:00T T1:00¢

- . PaxXTd - PoXTd
. QQﬁUU.—J.HUMAHOUv

. Pe3TuUL] piepuel§
’ o . Te9S 1e%8

nmxom&,WHp:Qa
- PToAY

,.| wra3 pouspaey pue
UOT1ID2T28 TeTI33IER

-

Suroel paeH

UOT3IOITeS TETASIEBK

payoed .@Iqnog
w3 Hmﬁummw

wWw}I3 paulapiey pue
UOT3IV2[2§ TEBTISIEN

i

U0T3IoNAJISUO

T ARUTL
pue Suroey paerH

UoT3088S TETISIEBH

sataanys (Ia)
A3TOTXO], (a)
uotlelrae) (Af)
Suryseld (TIF)
uofseaqy (FT)
uorsoaxro) _(T)

. ALOd snon@iv

SANTVA X1A¥ALLNG

SINTVA TIVE

SYILINVIVL

~

£T3a933ang pue (/' *31J) seArea Tred yaoq o3 wﬁnmuaﬁﬂmw aae saeojoweled uldrsep SupmoyroF Iyl EION

T zo3deyy 30 (6°T ‘g°T "S314) seaTeA

.

{
S
-\

-.19 -

s et Pt S i B B e




ALt gl s v e T SR 3. BRGNS o

Sax

. SHaX
‘sEx

ON

S3IX

. SEX

S3X

ON

ON

Sax

SUOT3DIUUOY
ssaTaduetg

[SU0TIODUU0D PIMaIdg

SU0TIO2UUOD
pus piem 133ing

. 1OT3OoUNOD
o8ueT3 TRa8o3UT

*239 LOIT1®3aS®TH
sTefI23eW
LApoq 2T3I0XF

_Ll 19915 *§ ‘12238
f ‘uoly ST,3®R
! Apog paepuels

(14)
()

(A1)

(rI71).

€33]

(v

STVIYALVR

. |.SEATVA X1d¥FLINE

SIATVA TTIVL

. NOILOMALSNOD

- SEALIRVEV

k- 4

»

*T 193dey) yo (6°T .‘g°T “981a) soarep

A133933ng -pue (/°7T °*S1d) SSAT®A 11®%d Yy3loq o3 aTqeoTTdde 91¥ sisjowexed uSysop Furmolroy oyl :IION

R

L et i




/ sax sex XTd TTed (T¥T) X :
s9% E)S 9s0T) TrRd  (IT)
A . -
b . s3x . sax usdo TTIEd (1)

Jusm3 eI}
N - 9JoBJINS puw JUSWUOITAUS .
-~ o309 o8 TRTFI2IBR 1e2Ts4uyd (%) o W‘
1 — !
| INZWNOYIANE N b
LN
—— = — M
I \ ) UOT3IBIUDTIO . w:
; i A
w 3 . TqeraEs a1qeTaEp 103en30y (TTT) :
} , ) iz
il doysyioM doysiioM sourpua3jurem wiil  (IT) M
- ’ (of3ea soeds/an )
Mo MOT £313uendb sagep §3) -
. v ¥ NOILVITVLSNI
SIATVA X1IMALING STATVA TIVE SYILINVAVA -
i .
w

dJOX MNTIVL YOLVALOV

Juawleaal ‘yied

Juswajeqe ISTON (FE)

.~ P Yaz ..

+T x93deyy jo (6°T ‘8°T .wwﬂmw saATEA
* i

£T3ae3ang pue (/-1 *STJ) SOATEA Aamm yaoq o1 orqedtidde aie sisjowexed ugissp Suimoiio3 wnyhﬁ“wyoz

1

n' . ’ a \l\'l\(\l\\

B N 3 Gl e VWA
- okl b 5ot o i i B i




-»
' e
. pedur] PRI TWI TedTA103TE (AT),

) L . oTTneapLl

- \ - @TqeTreAay 3TqETTRAY | g «0QI109TYH AHHHv
. : A

- / " paepueasg paiepuels§ |uo03sSTJ OTFieuwnaug (rr)

- : :

. \ w3eayderq
piepuels piepuels OFjeunaud (r)
\ . . NOIIVNEOV
- \ . '
o | santvn kndwazang SANTVA TIVE SYATAHVAVA

&

A131933Ing pue- (;/*T *31d) SIATBA TTBg yloq o3 oanmoﬂamam 21ev sisjsweied udysep Burmoyyoj avyjg wmaoz

*T 1e3dey) jo (6°T 8°T *S8T1d) s

AN

- 22 -

-




S TR gy g

. 2,2 Seat-Disc Contact Mechanics

' Chapter 2 DESIGN OF CONTROL VALVE TRIMS

4

S

°
.S

The main purpose of this chapter is to investigate various

contact phenomena of seat and disc which form the 'heart of the control

valves.
(2] - ‘
2.1 Seats and Discs

The leak-tightness of valve seats and discs is a particularly
important aspect of valve design. A%Fhough the pfoper-ﬁnitial leak-
tig?tn;ss of a valve may be préved by initial testing, yet it is . ™
this extended leak~tightness of a valve that determines its ulti-

mate capabilities for satisfying the system requirements. Extended leak-

a

;ightnessirequiring little or no maintenance takes on added'importance

in toxic system applications. The design considerations important to

A

s %
achieving this extended leak-tightness of valve seats and discs are dis-

cussed in this section. These include thé mechanics of seat-disc contact;
seat-disc, contact theory; valve seat and disc design for globe body

valves.

[2]

Metallurgical contact theory deals with microscopic contact between
mate;ials. When magnified, even the spoothest'of surfaces appears.irreg-
ular and rough.| Contact between such surfaces therefore consists of
contact betweé; only the peaks of the rough irregular surfaces that are
called "asperitigs". Thus, 'the actual contact area between the surfaces
is smaller than the apparent contact area by a large factor. In fact,

actual contact is

imited to only 'the spots where the asperities contact.

The importﬁgééigf this small contact area is apparent fol fluid

!

Ej See Reference




IS

leak-tightness at thé disc-seat contact area in a vaive. The fact that .
the disc and seat%{e in contact and under high contact pressure does

not in dtself guarantee qthat any more than a small percentage of the
areas are in contact. Since only a small percentage of the mating
surface areas are actually in contact, there is room for the fluid to
pass betweer.x the contact surfaces. | If the mating surfaces are quite
rough, that 1s, 1f the asperities are rela%ge; the flow passaées
between the mating surfaces will be large and a high leakage rate can be
expected. If the surfaces are polished, the flow passages will be small

and the leakage rate will be small. Thus, the rate of leakage through

the junction is a function of the smoothness and finish.of the surfaces.

Howeyl;, the” actual microscopic contact area may be quite small
even for two polighed surfaces. Furthermore, extending the line width

of the apparent mating contact area between the pie

s does not neces-
sarily ’stop leakage;, 1t merely reduces leakage/by pfoviding higher
flow registance in the same way that. leng ning a pipe increases flow
resistance but does ;wt shut off flow. If it is required that the
mating surfaces form an absolute leak-tight joint, the éurfaces. st
be forced together with the asperities de‘fo<rming elastically arn®or
plastically untfil a large percentaée of the mating surfaces are in

actual microscopic contact.

A parameter indicative of good contact is the ratio between
the actual microscopic contact areafand the apparent contact area of
the mating surfaces. Good contact is then defined as the degree to

which the actual microscopic contact area and the apparent contact

N '

- 24 - .




area of the mating surfacds., Good contact is then defined as the degree .
to which the area ratio approaches one. The following simplified re-

T
lationship has been ysed to describe the area ratio between twb mating /
3 - :

surfaces. *

Microscopic Contact Area N

Area Ratio = Apparent Contact Area

\
4

where the microsc’opic contact area 1is appréximately equal to the applied
force divided by the material flow pressure. 'Therefore,
Applied Force

Material Flow Pressure
Apparent Contact Area

Area Ratio =

- Applied Pressure

Material\Flow Pressure -

The material flow pressure 1is approximately tE_rjae times the yield strength
A .
of the softer material of the two in contact.

-~

An example will illustrate the smallness of tﬁe, area ratio ob-
tainable in actual practice. Consider a seal material with a yield
strength of approximately 70,000 psi. The flow pressure would then be

very nearly 210,000 psi. If an applied pressure¢ of 1000 psi is used

to force the surfaces together, the

v

Area Ratio = 1000 = 1 = 0.0048
210000 210

[

This shows that only a small percentage of the two surfaces ever come '
together in contact. The forceg pushing the two surfaces together are
seldom sufficient to deform or flatten more "than a sma'ill percentage of

the high points in the two mating surfaces. Thus, an absolute leak-

tight seal is an idealized goal.

- 25 -
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Practiedl charactéristics of fluids and seal materials make it possibleﬁ

to achieve awleak-tight seal within the sense of a measurable leakage
r

rate without achievip,\g an area ratic of 1.0. The area ratio relation-

~ »

Ship 1s useful in.determining how 'be.s‘t to minimize leakage by maximizing

the area ratio. First, the applied contact force and the applied
préssure can be increased to incfaaae the area ratio, This would in-
crease the size of the valve components to provide the additional

strength needed. . .
) 3

o

Seco‘nd, the a;pplied pressure can be increased By' decreasing
the 'contact a*‘rea. This is done in high—performance' valves by design~-
ing the valv;a s‘eating surfaces to mate with "line" contact. Line con-
tact is so named beca;.t_;se contact takes place around the ‘:seat'on only a
circua.ar line. Since this line 1is designed to be aé thin as possible,
the integrated su;‘face of the contact area is very dmall. The applied
pressure {s therefore high, increasing th‘e.area ratio. Tt should be
noted that surface deformations, which may occur because of high ap-
plied pressure, tend to increase the width of the 1line as this de~ ‘
formation proceeds.\This increase in line width decreases the area
ratio. Where this can occur, the valve is generally designed to mini-
mize such deformation through the prov.ision of maximum hardness in the

mating surfaces.

\
'

Last, the contact area ratio equation indicates that changing
the Enaterial flow pressure of the contact surfaces also changes the
area ratlo. Taken at face value, it wpuld appear that a low material

flow pressure 1is desixable, In falcl&7 this 138 the case for many’valves

with soft seats. 'Usually, soft—seated valves provide a high
(l‘

e

Qc’ . - »
’ - 26 -

LT R R

13

N o Moo S8 ok g 0 5k 5, e RN DAL P TSR




=)

.

N

- " [ ¢ -
area ratio because of the readiness with which microscopic deformations
{ = .
“take placé so that. the contact areas 9ia'y blend together. The gec}\inetry
u \' ¢
of the mating surfaces in soft-seated valves is genetally like .that

depicted in Fig. 2.1. -

AN

+ It is clear that the applied pressure on the ééh\t:\agt area

-

varies only with stem force. Deformation‘of the mating surfaéé does .-

not Affect the applied pressure. o

. e ’ . FORCE
' - _y‘
~ N ’ N
- TEFLON , RUBBER STEM B
£7C. SOFT ~
1AL .
MATERIAL o8t
SEAT
BoOOY
a4

. CONTACT AREA

CAPTURING DEVICE-
Note: EFFECT OF PROCESS FLUID PRESSU'RE NEGLECTED

*Fig.2.1 Geometry of ﬁating Surfaces in Soft-Seated Val\'res.. '
Y

. . ) | : ‘ s

- '. STEM
onsc\ | .
' i IFFERENTIAL
. TIN ha i o .
o AnoLE- Ul G Y7 aneLe usuaLwy -
L
e ‘ ; "ABOUT 2°7T03"
L%
7,
SEAT
\ o
VALYE 80DY: .
HARD FACING
NOTE:

THAT ACTUAL CONTACT OCCURS ONLY
AT ONE POINT ON THE FACE OF THE .

SEAT; HENCE LINE céuucr .
*Fig. 2.2 Included-Angle Globe Valve Designed-for Hatd Seat
Materials, X N
* Hammel-Dahl Co., U.S.A. ‘ R . . h
. N .
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Where soft surfaces will not stand up 'under severe operating

.

conditions, hard materials and a totally different configuration

?zgt be used.. A valve designed to use hard seat materials is il-

ludtrated in Fig.2,2. In this valve, a differential angle is provided

3

in the geometry between the disc and the seat in order to establish a

«

D

s
L
4

¢

line contact. This limits actual contact to a very narrew line around
-~ \

©

t ~ the valve seat. Maximum hardness of the seating materials is de-

; e -
- ‘ o :
r ; | sirable in this type of valve. If the hardness is not sufficient,
. sf
s ¢ i
the geometry of the mating surfaces is such that deformation will

\ 4
[

allow the apparent contact area to increaséfthrough indentations in .
e - ’

[ ; both the seat and the disc. An increase in the apparent contact

- area would mean that for a comstant stem force, the 3pplied pressure
‘ of contact would decrease. Therefore, increasing the hardness of '

1 . s .
: the mating surface in such a seating arrangement improves the abil~
: ;

T ity of the valve to maintain a narrow line seal with a small apparent
contact area over its lifetime., Plastic &eformation of a soft ma-
: {

. terial used in this type of seal design'can resgﬁt in ar .increase in

the apprent contact area of a factor of two or three with a corre-
; , R

Y

sponding decrease in the applied pressure. Thus, hardness of seat-

“
o

, *  1ing surfaces greatly increases the numerator of the area ratio

equation. : e -
" On the other hand, hardness énﬁ surface strength property

!

changes in the mating surfaces can only affect the material flow
. X /

prepsure of the material by fractions. .Thus, an increase in the .
: ’ - . - ’

hardness has only a weak effect on the increase in the 'denominator

of the area ratio equation. The net result is that the higher the
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hardmess, the greafer‘is the area ratio and the more leak-tight thg
geal is apt to be, This applies to differential-angle seats only.
It will be seen that this 1s a common configuration and’an ideal to
be attained. Where maximum hardness is éot required for contact

considerations, it usually is for other reasons such as maximum wear

-t

resistance, which 1s discussed later.

‘

Some important conclusions can be dravn ‘from the preceding

discussions. First, it indicates that well-aligned line—contact
globe valves will provide good seat ieakage cﬁgiacteristics. It

also indicates that the leak-tightness of gate valves may not be as
good becauée true line contact is not attainable with the geometry

of gate valves. Further, since wedge g;te valves appiy high pressures
through the additional mechanical advantage of the wedge disc, they
may have higher area ratiés:and less leakage than non-wedge types.
This; however, is not true for very large pgrailel disc gate valves.
Not only is line contact not possible for them, but addit%gnal applied
pressure fromlstem force and wedging action cannot be brought to bear.

In very large parallel disc gate valves, any force provided by the stem

is usgually sﬁall and incidental when compared with the very large force

from the differential pressure across the lérge disc. When this
condition occurs, the‘parallel disc gate valves are equally as leak;tight
as the wedge gate valves. In addition, parallel &isc valveg have a

seat wiping feature that may provide a measure of seat cleanliness

not obégined with wedge gate or globe vaives. However, from the stand~
point of dontrol theory alone, it appears that guch valves cannot as

N

easily bring‘as many factors to bear in increasing the area ratio as

can wedge gate valves or globe valves.
\
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2.3. Theofy of Seat and Disc Contact ., Y

- N

i \

Applzing the mechanics of surfaces in contact presented in S

the preceding subsection and supporting it with.trial and error, ways

of improving leak—tightness/of valves can be found. A comparative

analysis is presented here in which the problem is reduced to a math-

* 3

ematical model and solved to determine the quanEitative importance of

1

the various parameters which contribute in valve seat-disc leak-

tightness. The new emphasis on analytical theory in valve seat-disc

design has resultgd from the moreistringent requirements for leak-

.ol

tightness in nuclear plant apélidation.

Surface contact analyses in the literature .re presented from
severai standpoints and with different mathematical models. Yield and
piastic deformation are assumed to occéur in some cases, and purely

el?stic deformation is a3gumed to occur in other cases. The surface

is assumed to consist of smpll wedges in some cases and of small caps of -

spheres -in others. Since surface wave. lengths of several magnitudes

_can be present simultaneously, a "wave' concept is built into some

i v

theories. It is unfortunate that most of these mathematical models

-

failed to give a true picture of the phenomenon of surfaces pressed to-

q
gether to form a seal. As our knowledge of the mechanics of surfaces

in contact increases, a beétter mathematical model may be developed to

describe this highly complex phendmenon.

’
However, such anal&ses are not absolutely without practical
- 4 i

benefit. Since the problem of valve leak-tightness is reduced.to a

math. model, éaraﬁeters affecting seat material and geometry

i

-~
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can be determined. For instance, the relative merits or rating for

~ each type of geal (11ne~contact or area contact) can be ind%catéd in

P e A N

the analysis, and other variables in the desién (material hardness,
, ¥
contact gPressure, and surface roughness) may be evaluated. All of
- thege factors and their relationship can be determined within the

, inherent accufacy of the analysis. ‘ s

For the applications considered in this document, it will
usually be assumed that the seating contact will consist of surfaces

with ‘exceptional hardness th%t are poliéhed to a high‘degree of

S e e R L ey

smooqpness. The seal must also remain tight over a large number of

; ' opening-closing cycles. Therefore, the analysis using a mathematical

|
\

model of sphere caps and assuming only elastic deformation can generally

be considered applicable. Such a quantitative analysis was developed

’

by the Berkeley Nuclear Laboyatories in England probably-becéuse of °
‘ (5 -

the high leak-tightness requirements for valves in *HTGR service, and

P i« the theory of that analysis is presented here. The treatment is generally
applicable to any fluid (liquid, vapor, 'or gas) with the-inclusioq,bf~a

-

suitable viscosity constant. C

{
i

The analysigs%én be briefly described as follows. First, the
(( geometriééi model is established, as illustrated in Fig.2.3. The surface
i; assumed to consist of small caps of spheres placed adjacent to each
other in rows and columns. These small spherical capg are identical
7%&% gize. The height, h, of each spherical cap is taken as the distance

- from a line through the point at which the cap connects with the ad-

vjacent spherical caps to the upper or outermost point of the spherical

# HTGR - Hig\h Temperature- Gas-Cooled Reactor
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cap. It may be seen in Fig.2.3that if R is the radius of each spherical
cap, a measure of the surface smoothness ig h/R:. At this j'iaoint, it is
assumed cin the analysis that a perfect plane is laid in contact with
the tops of' the sphgrical‘ caps. " These surfaces are then loaded together
so that the tops of the spherical ‘caps are flattened. Consider a poin

v ‘

on each body such that these two points approach each other by a .

distanceol as the two bodies are loaded toéeth’er. In this case, & is /

/

the deformation of the spherical caps or the distancé by which the two

surfaces approach ‘each other as the force pressing these surfaces to-
A

gether is increased. The distance can be calculated\by elastic theory

as a function of the radius R, the apparent contact pressure PA and the

material characteristics 9 and E.

SECTION THROUGH X-X ' Ny

(]

Fig. 2.3. Model of surface Roughness.”

v
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For small apparent contact pressures, a flow path will exist -
beéween the rough surfate and the perfect plane. The volume of fluid . N
between these two surfaces will depend dpon the approach distance L
until the spherical caps are flattened., It 1is assumed in this analysis
‘that sl capnot exceed h., The simplification 1s also made that éhis
fluid volume |can be exﬁressed as a uniform gap of height d' . That is,
a fictional gap between smooth surfaces of heighttg will contain the
séme volume 'as the irregular voids remalning between the rough surface

and the perfect plane, For this/pg&pose, 1t is desirable to express

the gap in the non-dimensional form Cf\/h.,

| It can be shown by fluid flow theory that the quantity of fluid
. ' ' 3

passing the gap bet#een two smooth surfaces is proportional to d'” when
a given fluid pressure differential from gap inlet to gap outlet is

. assumed. The quantity of fluid leaking through the gap is also a
function of the length of the leakage path or, the line width of. the
apparent contact area, That is,

. s [5]
Q is proportional to 8w

where

¢

Q = volumetric leakage rate per unit length
v :

of seal and

' ' w = seal line width or the straight-line distance

leakage must pass going through the seal.

Simultaneous solution of the related equations provides a plot . " )
of the cube of the equivalent gap (J\ﬂﬂB as a function of the apparent

contact pressure expressed in non-dimensional form. A family of curves

Ed
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for various ratios of surface roughness given in the h/R relation”
ship is illustrated in Fié.’Z.A. Since the leakage rate is pro-

3
portional te. & /w,

1,
u

3
3
Qw varies as %; or (-ﬁg )

Therefore, the ordinate 1s also a scale for the product of leakage

rate multiplied by seal line width.

°

This contact theory is useful in evaluating- the wvarious factor‘é
affecting valve seat leakage and determining how they ma}; be changed
to improve an existing valve /de'sign. QHowever, t'he results lwould not
be very accurate when used to det:ermin.e actual leakage ratés froxﬁ
certain given parameters. 'The contact theory is not sufficiently ac-
-curate to permit experimental duplicagion of the curves illustrated in

Eig.l 2.4, but experimental work is expected to produce a set of curves

of similar geometry to confirm the relationships of the various para-

[N
«

meters.

-

Thé relationships illustrated by the curvés in Fig. 2.4 can be
~explained as follows. The ordinate, (dﬁ/h)3, is a’ dimensional.quantity
which is directly; proportional tc; the volumetric leakage rate multiplied
by the seal line width. The seal‘ line width is the straight‘—line.
distance the leakage flow must travel in .order to pass through the h
5931, There are othe@ factors, such as fluid viscosity, p.d., étc. that
must b? assumed constant for the sake of simplicity. So, (6‘/11)3 should
be ‘re”dixced, if possible,.in good seal d&egign to reduce both leakage and
seal 'line-width requirem'\ents. Obviously, if Qw is small the leakage

rate must be small. However, a high (cf'/h)3 can be tolJrated if the
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gseal length is™allowed to be large since leakage is also inversely

proportional to seal length. One must keep in mind that seal length 1s

dependent upon other® factors.
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The abscissa is 8 (B)‘/2 PA’ which is a dimensionless quantity

representing the contact pressure where B is a parameter defined as a

mathematical combination of the contact material properties of Poisson's
ratios and Youngé moduli. 3 [SJ
. K .
19 -le l-ﬁﬂzz 2
. P16 E * 3 g /
N 1 2 ’ .
where ,

913 .bz = Poisson's ratios of the two bodies inlcontact and
W) El, EZ = Young's modgli of the two b?dies in contact.
Tﬂe parameter B does not differ greatly for metals. The abscissa is -
Fﬂ;refore alﬁost a direct function ;f the apparent contact pressure
PA.
| The need to use suffiéient apparent contact pressure on tlie surfaces
to dgform_tﬂe sphierical caps elastically and ggduce the leakaée gap is
illustrated in the sectional view of Fig.2.3. The resulting curves of
(J‘/h)3 as a function ;f contact pressure illustrated in Fig:lﬁ indigate
 that ( ci‘/h)3 remains constant u; to a critical contact pressure, deter-
mined by the degree of smoothness of the surface, at which point ( d\/h)s
decrgaseg?rapidly. At this po;ﬁt, thé surfaces have been brought into a
£igh degree of contact and leakage is cut off. Thus, the ﬁirst objeét—
;ve\{p obtaining leak~tightness is to apély enough apparent contact
pressure to operate the seal in the region to the right of the bend of

" the curves. In this region, small increases in apparent contact pres-—

sure produce a rapid decrease in leakage of,_specifically, in Quw.

The index h/R is a dimensionless term representing smoothness.

The index *C/R represenés an elastic deformation limit. A surface

AN




finish h/R cannot have‘ a deformation greater than & /R =h/R and
- still be considered within the scope of this analysis. Since h/R
is not directly convertible to rms ‘surface finish to be specified

for the seat surfaces.

The group of curves for h/R illustrated in Fig. 2.4 shows
that improving the surface finish moves the bend of the curve to the

left. Thus, the surface finish can change the required apparent

critical pressure by factors of 10 to 100 for a given leakage rate.

This can be a high premium to pay for not polishing the }ontact surfaces.

‘Rapid multiple-factor increases in leakage are a_lso a high premium to
pay for surfaces roughened by erosion and wear or for a design where
there is. a high degree of sensitivity to sliéht roughening caused by
normal operation. Further, it\‘is interesting to note that surface
finish has a large effect on leak-tightness, at least in the elastic
theory. Undoubtedly, where small plastic local deformation occurs,
the initial surface finish has less of lan .effect. What actually
happens in seat overstress is not clear and has not iaeen well investi~
gated. In ' any case, the harder and s\crcnger the hard-facing seating
ma;terial, the more applicable is the elastic analysi.s, which includes

this emphasis on surface polish.

?

One other factor about Fig. 2.4 should be emphasized. The ordi-

nate ( d‘ /h)3 is directly proportiona} to the product of the leakage

rate and seal line width., Should structural limitations prevent the
use of an apparent contact pressure to the right of the bend of the
h/R curves, thesleakage rate may be reduced by making the line width

of the seal very wide. 1In this case, .the value of Qw remains constant

.




PR e

but Q becomes smaller a's w increases.
3
From the preceding discussion, it is apparent that there is
' '

N
way of \designing to the right of the bend of the h/r curves is to make

some seal line width that will be more apt to le_allc than others. A

the lﬁne width of- the seal’ very narrow, increasing the value of P‘A‘

A conceptual graph of leakage as a function of seal line width for

’
constant stem force is illustrated below in Fig. 2.5. The maximum
leakage will occur whet% the various parameters place the seal design

in the bend of the h/R curves of Fig. 2.4.

The conclusion generally reached from the results of the theor-

etical analysis is that the valve seat should be either very narrow
or very wide, Clearly, other factors such as compressive stress re-

sistance and thermal stress design must also be considered., This can

LINES OF CONSTANT N\
STEM FORCE .
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Fig.2.5. Conceptual Graph of leakage as a Function of the Seal line
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) be immediately recognized in valve practice as the difference between

the approaches taken in globe valve design where line contact is used

and in swing check valve design where a‘large flat-faced seat is used.

t

Each can be desiﬂgned to have acceptable l‘)eak-tightness from the stand-
point of the theory, given no other complicating factors. But within

‘the scope of practical limitations, the basic fundamental difference

bétween '

4

seals, low pressure and high area, should be remembered..

. =]

2.4 Dégig;n of Seat and Disc for Globe Body Valves

Globe valves designed for high-temperature and high-pressure
nuclear service normaily have either an int:egralQ hard-faced seat or a
welded—in seat ring. This practice giyes. almos.t complete assurance
of no leakage around the back of the seat ring. Since integral seats
ob’viously cannot be replace.d and welded-in seat. rings are difficult
to replace at best, the desigr} should provide for in-:zplace lapping of

the seat a number of times over the service 1life of the valve.

If the integral hard-faced seat is used, the requirenlxents for
applying a thick, uniform, and hard material to the valve gseat should
be rec‘ognized. The bgtter hard-facing materials are applied by a

) shieLded wel&ing process, and the hard-facing process must be performed
to a qualified welding procedurle'. The base material on which the hard-

facing material is to be laid must be sound. Careful control of the

temperatures during each step of the process i1s necessary to assure

that the hard-facing material is uncontaminated and free of cracks.

Sensitization of the valve body material must also be guarded against.

.

'contact pressure' ‘seals, high pressure and low area, and "area'
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When the hard-facing 1is properly applied, the integral hard-faced

seat provides a rél}able and trouble-free dég}gn. g

The use of a welded-in seat ring offers a number of advantages.
First, the material properties desired at the seal surfates are dif-
ferent than those desired for the valve body. By using a harder
material for the seat, hardness is not a fequirement f ‘the valve
bodxp especially 1f it is achieved at ;he sacrifice of ductility. g
The longer cyciic life afforded by the harder seat material will

“

reduce the frequency of lapping required to keep the|seat-disc closure

- ! \ 1
. 1eak—t7ght and might even obviate the need to repléc%‘ﬁﬁe %alve during

4
the service life of the system. ’

From a fabrication standpoint,~the use of a seat ring offers
further advantages. Fabrication of the seat ring is easier to control
) ——
because of the uniformity of material thickness and the smaller size

of the item, and the material properties are closer to the desired
conditions. If hard-facing is to be applied to the seating surface,

the hard-facing procedure is better controlled when working with the

smaller item. The separate seat ring is also easier to inspect by 7

radiogrgphy, sonic, and dye penetrant methods than seats machined’
directly in th; valve body. Finally, if the valve body is a casting
of a globe valve with a line type of seal, even minor porosity at
the 1ip of the seal would require extensive welding repairs or makei

the whole casting worthléss, This problem iq}avoided~by inéerting a

forged seat ring into the more porous casting.

Valves intended for low-temperature and low-pressure service

often have replaceable seat rings to improve the speed and;easg with

i

e S e
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which a leaking valve seat may be made leak-tight again. In theory,
replacement of the seat ring is a quick and easy way of correcting a

leﬁking seat condition. JIn practice, reélaceable seats are frequen;ly

!

difficult to remove. At worst, such removable valve seats allow leak-

age around the back of the seat, .thereby eroding the valve body and

causing general deterioration thét—may require replacement of the en-

tire valve. 'If replaceable valve seats are used, care should be taken

in the design and fabrication of the seat, particularly the seal be-
» . .

tweerr the seat and the valvée body in low-pressure and 1ow-tehperature

<

systems.

¢

In recent years, there are a number of valves with replace-
‘able geat ringsqgn the market. This type of design has'become
more reliable in recent yéars because of the advances made in non-wéid

seal design. Metallic O-rings and similar types of gaskets now gyail-

-~

able have generélly given good service. From a maintenance standpoint,

replacing a valve seat .appears to Pe easier and quicker than either

~

lapping a valve or replacing it, even at’the éxpense of more frequent
ma*ptenancé. A case in point is ‘the desién of high-pressure steam

N . .
straps. Since steam-trap service is particularly'severe, the intern-

‘als of steam traps do not normally last more than a few years. In such

v [N

cases, the replacégble seats becoﬁé a design requirement. At the same

1 -

time, it is worth\noting that maintenance of traps involving replaée-

ment of the seat requires care to ensure that the trap does not leak
X ,

around the back of the new seat and‘exhibit worse leakage than

before repair when the valve leakeq'by the eroded seat-disc contact

Ve

-
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surface. In ﬁbg: gystems, valves can be designed (allowing for
) (. .

maintenance) to Hé\properly'leak—tight for the full service lifetime

N N : :
of the valve, In many valves, the assurance of leak-tightness pro- * -

'

vided by a seéﬁéweld is an important factor in valve design even where

good non-weld seals céuld be used,
4

-

There are a number;of ways of fastening a seat inua valve,
Replaéeagle type'seats ma;kﬁb fastened with a bonnet hold-down or with
3ére§ threads,-as {llustrated in Fig. 2.6, Non—repiace;bie
geats are shrink~-fitted, screJLd, or fastened by welding. In high-
temperdture, high-pressure valves, the seats are’ typica%}; shrink- !

fitted and fastened by a weld, as shown in Fig. 2. 7 When the valve

does not have a compressed gasket between the seat and body, the

shrink-fit type of fastening provides an easier method than the

screwed fype of fastening. It alsd resists loosening under thermal
) o p

conditions. Once fitted, a shrink-fit type of seat camnot be re-

» & : - N
placed. However, screwed-in seats are not easily removed either.

Corrosion, galling, and freezing of the threads can effgct}vely pre-
e . . A

N !
clude seat removal. Screwed-in seats can also suffer thermal notch

\ 5
N '

fatigue at the thread roots.

If the seat is not properly designed, high temperature can

i

lead to cracking of the seat and overstress of the valve body.

N

Thermal stresses may be caused by the differences in temperatures

and thermal expansion coefficients of the 'valve seat and body, or
11 . N ) / ‘

the disc seating force may be increased because of the differences ;! /yf
in’temperatures an thermal expansion coefficients of the valve /// '
. : . -
| .
< -42 - - -




. ,_——sten. : ‘
: GASXET —\ . _— BONNET.
, \ , '
. .
. "E \
SEAT .: poOY.
HOLD DOWN. 3
= g
- = ’ / ¢
) \ , / :
+ —t— s & - /
u . -
, . ) l
SEAT: SEAT GASKET. '
* L[]
BONNET HOLD DOWN SEAT Lo
' VALVE SEAT. LUGS FOR

REMOVAL TOOL. '

;\\\ GASKET,

VALVE -

a0DY: A ) -

SCREW IN ' SEAT

* Fig, 2.6 Methods of securirg. replaceable seats ~ . .
Py N , " ¢ ~ $
) o ) N
- . . S
. . . - FIT OBTAINED BY
' WALVE  SEAT THERMAL  SHRINK 1 ‘ !
¢ | AT INSTALLATION. ' -
! ;-
- /
'M ' N R N j
\q 200Y \\ ’
SHRINK  FITTED SEAT _
> . \"
VALYE suf-\ . - .
e . \ - ) a00Y
- N I ' N
SEAT WELD b
) WELD FASTENED SEAT ) -
. ‘ ’ v
% Fig. 2.7 Methods of securing non-replacecable geats -

* Masoneilan International, U.S.A. ™
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geat and body, or the disc seating force may be increased because of

the differences in temperatures and thermal expansion coefficients
of the valve body, bonnet, and stem. The design for the valve must
include provisions for these thermal streéseé, particularly if the
fluid temperatures are subject to rapid fluctuations. 1In valves

with screwed-in seats, the thread clearance should not be so small

_ thgt’'an interference fit or high constraint is provided. In valves

wiéh shrink-~fit seats, the degree to which the‘peht is compressed

3hould be limited so that thermally induced stresses will not crack

-

the seat.

5

In valves with welded seats, tﬂé seat~-to-body weld'should
not be exposged to the thermal stresses just discussed. Normally;
thevseat is designed with a shoulder, as illuséréted in Fig. 2.8, so
that axial ?xpansion is constrained by the shoulder an& not the weld.
When fitéing up the'seat'in_the‘body, the seat should be in full
contact. with the shoulder before welding. Since it is important

that thermal stresses be kept off theweld, %he weld ‘is normally.

placed on the bottom of the seat adjacent to the seat shoulder.

S

1f the welds were placed at the. top of the seat, undesirable thermal

stresses gould result. Since it becomes difficult to place the weld

below the seaf in smaller valves, it must be placed above the seat

\ w

for better accessibility.u The se;t design then ghould have provision
®

to allow for thermal expansion. In this case, the shoulder should be
moved up to the top of the seat, gnd-a gap providéd between the bottom

of the seat and the body, as illustrated in Fig. 2.8.
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Radial thermal expansion of the seat must be carefully con-

trolled to ;;reclude seat warpage and the consequent loss of °

tightness. '

SHEAR FORCEY
o wey

VALVE SEAT . )\ 1 \i
1y |
= : , o
d t\A w S
. ‘ VALVE

EL
BOOY

A

WELD SEES MIGH COMPRESSIVE WELD SEES HIGH SHEAR
AND TENSILE FORCES FROM FORCES FROM SEAT' THERMAL
SEAT THERMAL STRESSES STRESSES AND DISC -
AKD DISC SEATING FORCE SEATING FORCES
NO SHOULDER DESIGN , HO SHQULDER QR GAP,
: UNDESIRABLE UNDESIRABLE .

§
) VALVE BODY /— WELD

'

-od

WELD

AXIAL FORCES ARE TAKEN GAP AND SHOULDER TAKE
UP BY THE SHOULDER, SHEAR STRESSES OFF OF
SHOULDER DESIGN THE WELD.
' BETTER ) ' BETTER

* - P A——— ————— A \

Fig 2.8 Design for Shoulder .in Valves With Welded S’eats.

}

- s ‘

i

Seats are usually well constrained by the body, and thermal expansion

1

in the radial direction is generally taken up by internal stresses with

perhaps some strain ratcheting. Some attempts have .been made to reduce

the possibility of seat warpage by thermal effects through the use of a

"floating" seat design, as illustrated in fig.2.9. Such a Eesign rovides

*Note: Masoneilan International, Inec.

1
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between the seat and t}]e body to free the seat from
) I |

radial bBody constraint. Thermal expansion. of the\valve body can some-

an annular gap

times be uneven due to its geometric configuratidn.~ It will cause

"

compression of the seat riné and eventual 'warpage du'rihg ‘il;ermal
cycling. A "}‘\loating" des.i n may be considere;i. However, this design
suffers frc.wm other drawbackl, including those normally associated with a ¢
any deep crevice within a vajlve. In additionm, the;i:e is the possibility

that the weld, wiill be subject to even greater stress.

ANNULAR GAP

HARDFACE
VALVE
"SEAT
1
. ' N ’ } l v
VALVE soov-/ ) J ‘
- ’ WEL -
' " S :
£F1g. 2.9 "Floating" Seat Design. N -~
R - <
2.4.1 Sea) and Disc with flat face design. Along with the material

requirements for|valve seats and discs, mating geometry is an fmportant
tgign for le k—t%&htness. Globe valve seats may be of

dit-faced type illlustrated in Fig. 2.1 or the included ‘

seat angle type 111lustrated Fig. 2.2.- The included seat angle

types may have shallow or deep angles and differential

*Note: Fisher Controls Company, U.S.A.
\
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angle features. The widths of the se

3

be small or large, and the width of the mating sutface of the seZt'

may be different from that of the disc, It may be important izi'f:‘some

/ Y
- applications to allow for lapping the hard-facing as the lifdgime 'of}

PO LTS

the valve progresses. The type of mating contact lYISEd should be
considered in providing disc guidance since certain types of mating

contact may have very low tolerance to a slight out-of-alignment

condition of the disc.

The case for the flat-faced seat and diSc geometry is straight-

forward, This geometry has the advantage of being simple and not

< susceptible to alignment problems. Contact is usually of the "area"

type, and machining of the fla< and right-angled dimensions .to good ‘
tolerances ,is relatively easy. \ The seat can be machined and inspected

Wto a given flatness tolerance. Almost no disc alignment 1is necessary

Ecause the disc is guided by the mating surface of the seat. Since

‘area contact is used, lateral guidance is controlled only by the

amount of overhang provided by the disc.

The disadvantages of the flat-faced type of seat-disc mating
\surfaces are also quite clear, First, design is more amenable to
the area type of seal. For a flat-faced type of seat and disc to
have a line——con:act pressure type of séal implies either a thin
seat surface or a small differential angle on the face of eit‘her
the disc or seat. A thin seat involves the risk of deformat:ign and

failure, and a small disc or seat differential angle ¥akes away the

-advantage of flatness. Further, line-contact pressure seals require
: ¥

i

- PR — (RN ’oe
& e o D‘J\
. e . i - C @  —— . n ey w
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AL




- r— AT . o -

' a certain amount of seat elasticity that is not easily obtainable in

a flat-faced seating design. As a result, a minute out-of-flatness

condition in a line-contact pressure seal on the part of either the

seat or the disc would require excessive stem forces to achieve the

necessary complete contact. For these reasons, the flat-faced type

i

of seat-disc geometry generally employs area contact and a wide seat.

2.4.2 N Included-Angle Seat and Bis& Since mating condition§ ’

’

Eénnot be controlled precisely, valves with in¢luded—-angle seats and
discs are more amenablel to line-contact pressure mating because of

the additional mechanical advantage built into the seat and disc con-
tact through the wedge design. Some typical includedJangle valve

seat configurations are illustrated in Fig. 2.10. However, slight out-
of-tolerance condit‘ions in the angles or the circularity of either

the seat ;)r di:c; can leave large portions of the mating surfaces out

of contact and result in leakage through- the seat.
e

Included-angle seats and discs increase the contadt pressure by

bl

factors of about 1.5 to 5 without the use of heavier and larger stems
and yokes, Included-angle“seats have greater elastigity than flat-
faced seats because of the elastic properties of the inner diameter

of thick-walled cylinders Includedrangle seats also have some ?éll-—‘

known deficiencies, If the angle is narrow, the disc can seriously @

¥
. impair seating. Care must be takg}"to limit the applied seating force

or the valve body may be overstressed as a consequence of the mechani-

cal advantage inherent in the wedge design.

B -
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Fig. 2.10. Typical Included-Angle Valve Seat ‘Configurations.

The mechanical advantagcle obtainable with included—~angle
_globe valves as a function of the included angle is illustrated in *
Fig. 2.11, Surface friction, which reduces contact pressure, has been
considered, If mechanical advani:age increases rapidly as the included.

a.ngie becomes larger than 40° or 450, especially for the low friction °

factor curves. However, above 60° approximately, there is an increasing

’

‘ probability that friction can be high enough to cause sticking of the

disc within the seat. The boundary at which sticking is apt to occur

is superimposed on the graph. It.is clear that above 70° or 800, .

surfaces ean stick together even with low friction. '

“

From the curves shown in Fig. 2.11, it may be concluded that

uations where thermal effects are:present and the
. .

roughened by erosion, the maximum practicable
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angle is about 55° to 60°. It should be noted that the friction

4

forces occurring in valve seats result from very high contact pres-’
-

!
{
&
by
b
§

¢ tan

sures. In addition, such friction factors may vary over the wear 1life-

. time of the surfaces if disc-seat galling occurs. The results of

"y

. Jfriction tests made on some materials under high contact forces
ccﬁZditions indicate that while friction factors can be below 0.2 and even

g as low as 0.02, they will increase rapidly in the event of seizing or
ga:Ll:i.ng.[26---l g

Actual valve practice reflects these conclusions drawn from Fig.
t

2.11. Most included-angle globe valves have seat angles of approximately

) 45°. This makes substantial use of the mechanical advantage' while pre-

o 3 eIy wf/w’-i“'ﬁ AR L) v enae

cluding the possibility of disc sticking. Nor does it put a restrictive

limitation on the design of the seat for resistance to overstress under
thejPombined 4influence of stem and pressure forces. .
The maintenance to be performed on seats and discs should be

1 given consideration in the design of in&luded-—angle globe valves. The

cross-sectional dimensions of the seat and disc will change progress~

« 1vely after successive refinishing operations, as illustrated in Fig.

) ' 2,12, As may be seen, the hard—faging is applied to the seat in a ’

manner to account for the included angle. Allowance should be made

for several refinishing operations throughout the service lifetime
.of the valve with 10 to 20 mils removed at each operation. Line
(kconta‘ct: should be maintained throughout: the lifetime of the valve.
The small differential angle must be reestablished in the refinishing
.operations. This auglei u‘zaually allows the line contact to occur on
N .

Ny

.

-
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the lower or inside portion of the seat, Normal valve practice dic-

tates that the differential angle be a positive one that allows con-

tact on the inner edge,

-

DISC |

INITIAL . " REFINISHED
' hY
Fig. 2. 12. Geometry Changes Causedf»ny Refinishing Operations.

1]

2_./4.3 v Alignment of Seat and Disc. With respect to the align-

ment of the disc within the seat, the area comtact typé of disc

is'ipherently more self-aligning than the line-contgct pressure t:ypg.
The two types of 1ipe-—contact included-angle seat closures are illu-
(strat‘hd in Fig. 2.13. One type employs the knife edge of the disc to

r~- ¢ .

achigve line contact, and th;a other has a wicie disc sealing face but
makes use of a s'mavll differential angle between the seat and disc to
establish line-éontact. In either case, when\{he valve is being closed,
the centre lineslof the disc and seat must be aligned when the s'eal
mating surfaces come into contact, ];f the disc guide is not sufficient
to do'this, the disc will not contact the seat uniformly around the
periphery of the mating area and good pressure contaét will not be

obtained. The gelf-alignment properties of discs with line-contact

closure are nét as good as those of discs with area contact closure.

- 52 -

% -

L a &



ettt A AP S

pesip->miniiifiiipety

\‘LINE

CONTACT
AREA.

LING
CONTACT
AREA .

SEAT SEAT

(

Fig. 2.13 . Line-Contact Pressure Type of Included-Angle Seat Closure.

The line—~contact pressure,type of included~angle globe valve seat

requires disc guidance of both the stem and the geat for best results.

N

It should be noted that one disadvantaée of the line-contact

4

included-angle seat without the differential angle is that lapping

operations will tend to extend the area of contact. This tends to

- reduce contact effectiveness as we'll as the allowable time between

lapping operations. Perhaps some margin could be gained by design-
ing the seat and disc/ contact initially as a non-differential type
of contact and proceed through' lapping operations to th;a lipe-contact
differential-angle type of seat and disc contact. However, tﬁis is

somewhat exotic and more complicated than should be necessary.

Discs are sometimes designed to be self-aligning on the seat.

\

This means that as the disc approaches the seat, a 1o§e3: tailpiece or
disc guide contacts the inner edge of the seat and aligns the disc

seating area on the seat seating area, as 1llustrated in Fig. 2.14.

'

b ‘ °8.
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Such a disc guide is "considered useful for large .valves where mis— )

aligmment between the body and the bgnnet could cause poor seating

i
1

PN of the disc. The disc gui:ge normally has a slight taper and should

" be designed so that it camnot contribute to disc sticking within the
seat. Disc. guides\can be used on globe and check valves but not on

L, *
gate valves. Since these guides can provide an extra measure of

o

leak tightness, especialiy for larger valves, greater seat tightness

is usually achieved in globe valves than in gate .'valv\es.

3

~// ,\‘

N

0ISC ALIGNMENT

ALIGNMENT A
/ TAILPIECE .

" CONTACT AREA-

*Fig. 2.14. Disc‘Aligr'xment on the Seat. . . g

. If the dis¢ is guided by the stem, more allowance in the guide .
design should "be given for transverse disc freedom than angular free-
dom. Stem‘ transverse misalignment and slight misalignment caused. by
cocking of the disc require take-up in transverse freedom, as is‘il—.

lustrated in Fig.2.,15. It should be ‘noted. that--angular misalignmemt

) N between the seat and disc will alwavs occur, although it is usually

—

*Note: FPisher Control Company, U.S.A.
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.small. The geometrical anaiysis\of the reduction in effective contact

ig difficult to obtain accurately, however, this type of effect can be

.

+

Fe———— MISALIGNMENT

%

oISC

LEAKAGE

SEAT

. »

ANGULAR MISALIGNMENT NOT TRANSVERSE MISALIGNMENT

SELF CORRECTING WITH STEM SELF CORRECTING WITH '
FORCE . STEM FORCE .

. Fig. 215. Leakage Caused. By Disc‘Misalignhent.
o .

. K}
H

easily measured in a function type of test performed during the initial

A o

valve leak-tightness qualification. If necessary, this type of test
could be performéd by conducting valve opening and closing cycles with

the stem in a horizontal posiqiod and subsequently testing leak

4
‘

Eightqess.

AN © .

The conclusions that may be drawn from the preceding discussion
- u )
of seat and disc geometry are as fggzows. In high~pressure and high-

N
temperiture applications, the line-contact pressure type of seating

-

y S

with hard-facing is mandatory. An included-angle seat with a wide seat-
ing surfacé could reduce flow erosion, particularly at the, seal contact

"line. Thus, a differential-angle line>contact type of geametry might
- l ’
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be selected. _Ihe seat ‘angle would be 45° to preclude the possibility

I

. of disc selzing and to reduce hoop stresses in the valve seat and body.
1

Th%s type of arrangement requires very accurate disc alignment, There-

fore, thg_disc would be aligned on both the gtem, with a slight amount

" of*lateral allowance; and on the seat with an eitended tailpiece below

, ~N

the seat. v

2.4 Quidance for Valve Disc. In mechanical movement of the

valve, the disc is normally ﬁqved from a position out of the flow:

stream to a position in the flow stream and then to a position against

\\ . B <
3

s+ the 'valve seat. Movement of the disc must be Buided to preclude

s °

vibrations, disc cocking and hangup, and to promote good and accurate

geat ng. Within'these guidelines, there is some margin for slack.

relatd e freedom of the disc. Whatever the valve design, thgre are

Some valveg do not require disc guldance for seating purposes but m;rely

to prevent xcessivg'vibration‘éf the disc while the valve ié open. How-

ever, disc g%idance is an important chtor in the lpak-tightness of

globe valvgs.\ The disc guides necessary to provide good seating of the

" \

vguidance for proper seating in included-angle valves is alsg” dMscussed.
[y - N . - .

Since globe valve discs, especially the line-comffact variety,

‘P ‘ . . g

3

\ ¢1sc and prOper geat motion in globe valves are discuséed here./K;he disc
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require close guidance during valve operation, guide design is an im-

portant part of the valve. In smaller globe valves, the stack-up of

tolerances .tis not large enough to seriously misalign the bomnet from

t -

the body of the valve, and the disc can be accurately guided from the"

stem. Virtually all globe valve designs have the swivel disc feature;

’

that is,.the disc is allowed to rotate witfh respect to the stem.

This 1s important in the design of globe valves since it has been ;
T b

)
proved that sliding contact of seating surfaces does not contribute

as much to leak tightness as it does to wear of the seating surfaces.
This applies régérdless'of the size of the valve or the material of !

Miﬂg surfaces. Swivel type ,of seating contact is therefore

recommended for globe valve seats éxcept for the backseét: where
heavy wear action does not occur.

Since swivel disc design is an integral part of globe valvés,
the dimensional tolerances of the swivel disc connection require care-
ful analysis. Se;reral consideration; are of utmost importance, Stem
forces can be generous to(prevent an excess,ively high contact pressure
beﬁeJn the stem and disc¢. Otherwise, this area is subject to galling
and seizing that re:aul‘t:~ in loss of swivel action and rapid wear of the
gseat contact surfaces during valve operation. ‘At the ‘same time, the
toleranco:as mﬁst be tight enough to provide good disc alignment and
seating, espgcially if the disc is alignedi off the stem. A céreful

balance of disc ‘tolerances must therefora‘te obtained.

As previously noted, it is most important to precludepddisc cock-

ing and amgular misaligmment with the seat. A certain amount of lateral

. : e
e . -

-
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qxisalignment is allowable and necessary to account for bonnet misalign-

Q
ment with the body and to make up i\‘ whatever angular misalignment

occurs. Given this fact, it becomes clear that the proper alignment

: \
can best be achieved by using a degp-disc design with the stem inserted

deeply within the disc, as illustrated in Fig. 2.16. Not much aggu.lar

. misalignment can be expeéted to occur ‘in this design and there is

still some freedom for transverse of lateral hisalignment.
:‘ 9

In larger globe valves, guidance of the disc by the stem is

o less reliable because the stem itself may be misaligned with respect .
J . s
to the seat. This 1s brought about by the maturally lar\ger stack=-up

’

: R
N
‘ ‘ § LONG AXIAL \couuc'r
f § 1y AREA TO MINIMIZE
‘ N ANGULAR  MISALIGNMENT
j _J% oF DiIsSC.
§\\ . ' -

i

L - -

¥Note: Rockwell Company . o

-
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*Fig»'2.17. Design for Body-Guided Disc Globe Valve.

Pl [y
5

varikety; Measx;res which may be used to preclude these problems in
clude the provision o\f deepA engagement between the guide surfaces
at all times. In addition, corrosion mua,t be minimi;ed 'and enti‘ap
ment of corrosion particles muét be reduced. Carbon-steel wear

surlgaces ,are not satisfactory in this .a,ppli’cation, and they must be
supplemented with; corrosion re.siqtant liner. - Stainless steel ma
- be more satisfa'ctory in this. application, especially if the wear surf-

ace 1is polisﬁed.‘, ’ ;
¥Note: Rockwell Company

RN




SPINDLE GUIDE.

®pig. 2.18. Spindle-Guided Disc.
7 N

A}

' Gulde spindles are ftequeﬁtly used in throttle valves, and this

spindle arrangement for disc guidance is generally quite satisfactory
and trouble—free. It alldus -for a tight dimensional tolerance and at
the same time provides for disc swivel freedo;n. The parts involved
are not p;:essure boundaries and any wear does not subject the’ valve
to the possibility of body leakage. Since the wear surfaces in this

’ -
arrangement are g£maller, it 1s not as difficult to provide hard-facing

*
:

or a special liner for wear surfaces. On the other hand, the spindley /

type of guide is sgmewhat more difficult to arrange properly within

4

the valve because of the complicated geometry' involved. Unless the

.

possibility of casting defects in the pieces can be accepted, internal
fasteners and locking devices are necessary and these are undesirable

because of the possibility of their coming loose and beiné swept into

the flow stream. !

Some success in disc guidance in globe wvalves has’ been achieved
! Y, ' ¢ o ) é

through the use of disc.tailqﬁieces that align off the valve seat. This

‘% Note: Fisher Controls Company

o
o
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arrangement has -the'big advantage that the disc is guided off the
part to which it must be ali‘gned, as 1llustrated in Fig. 2.19. If the
tailpi'ece is not’'deep and tapered at the end, it can be subject tc;
cocking and sticking caused by thermal cycli;xg. In ‘generai‘, good

results can be obtained with this type of guide without the expense

ASSUME SLIGHT
LATERAL STEM R .

OISPLACEMENT ' , .
OFF CENTRE. pise

5
—ANGUL AR
GUIDANCE FROM
7] Tue sTEm.

S

LATERAL /
GUIDANCE
FROM SEAT. . :

Q \FN\\\\

v ' - SEAT ¢ \

Fig. 2.19. Disc Guidance Off the Stem and the Seat.

of providing a disc spindle arrangement. However, this type of guide

* may not be as desirable as the spindle type of guide for t‘rip valves el
) since the disc tailpiece disengages and the spindle does not. . Engage~
ment during rapid tripping action may either damage the seat or in-
‘ ' crease tripping time. These considerations cam largely be eliminated /
3 ~..through proper geometrical dimensioning and tolerance design, with "

proper control over®the dimensions during the lif(:i of the valve.
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Chapter 3 ~ THE SIZING OF CONTROL VALVES

3.1 Introduction 2

£
The need for an accurate valve sizing equation is necessary, for

manufactuteré and users of control valves. }t is recommended that
when selecting a control valve for a system, its capacity calcu- '
lations must meet the requi?ements of the actual installation. The
actual sizing techniques for control valves should include the con-
ditions "at" and "in"‘the valve ;nd adjacent piping, because when the

valves are mounted between pipe reducers to cut cost, there is a

decrease in/"inherent" valve capacity. The reducers create an ad-
* .

>

ditional pressuée drop in the system ﬁg acting as sudden contractor
or enla;gement in series with valves. |

In this thapter fundamentals of control valYe sizing for
liquids and'gases will be discussed. '

3.2 Sizing techniques for liquids

a) General sizing equation

The folléwing formulae are based on Instrument Society of

America's (ISA)-S 39.1, 1973. For explaﬂltion of symbols, see

S

Nomenclature.

For the flow of single *Newtonian liquid through a control

4

valve, use the general formula

q= N F, F FLul L - P

-

* Newtonian fluid deforms continuously under shear stresses.
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* Table 3.)1 Numerical constants used in the equations

-
syt il
ity - - =

N ” q

Py. P d. D sy
gpm IN psi
gpm /ypsi

N1 = 1
=0.865

ps:a
bar

Ng_'—': 890 \""
=0.00214

gpm N psi’ oo |,
gpm [fpsi | ----

apm N psi in.
gpm [ypsi

N3 =i -
=645 T

Ng = 17,300

gpm [ psi | ---- in.
gom [ypsT | ----

gpm Centustokes

Centistokes

= 76,200 | m3/n

L

-t
-

t)

Reynolds Number Corrections

The Valv; ‘sizing coefficient (Cv) is useful in sizing valves
for flow of liquids. “ But when viscous conditions occur, significant
slzing error will occur. The coefficient Cv is determined using the
standard liquid sizing equation 3.1. Co

. This Cv’ along with the f£low and visc:)sit:y can be ;used to
determine a fluid Reynolds Number Factor. Fp can be obtained from
Fig. 3.1.

This factor is required when non-turbulent flow conditions

are established chrough a control valve. This is due to a low pres—

4 sure drop, a higt{ viscosity fluid or small valve Cv' The FR factor

can be determined by ISA Standard S$39.2. The Valve Reynolds Number ) ' )
can be calcylated using the following ISA forpula:

Lo 2 2 2 P

Re o MY R G 4 ey ~

4
| VJ iiﬂr—;, F.Cy N,D . | :
/ *From fsp. Standard 539.1
R ) - - 63 -
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Fi'gure 3.1: Reynolds’ Number Factor for Liquid Sizing 2 o

-~

The bracketed quantity in the preceding equation accounts for the
"velocity of approach". Except for \wide-Open ball or butterfly valves,
this refinement has only a slight effeéct on the Rev calc‘.}xlgtions and
can be neglected. Also, the Reynolds number Re expresses the ratio of)
inertial forces to viscous forces in the fluid. At high Reynolds
number, inertial forces predominate, and flow is pmpo'rtional\ to tha .

square root of the pressure drop. At low Reynolds number, viscous

forces predomiLate, and flow is linear with the pressure drop.
1

4
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Liquid choked flow factor —F,
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Liquid pressure recovery factor —F_ '
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Figure 3.2: Liquid Choked Flow Factor - Fy

3
/ -Pressure ratio

) 24]

The following formulae are suggested by Brodgesell.
AP:KQL,LL. e e e o W(320)
éuch a linear flow law makes calculations simple. "The complex~
ity ;:omes in trying to estimate the laminar flow charact'eriétic 'from
the given values of C;’ for turbulent conditions. One Snethod, as
suggested by Li{)tak,zo't' viscous flow sizing, proceeds as follows. ’ L

1f /u L i1s the viscosity corresponding to a fictional transition

point between laminar and turbulent flow, then the ratio of/l L te /L

will also be the ratio of the available and siz‘ing pressure drops.

-
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*TABLE 3,2 REPRESENTATIVEF _FACTORS AT FULL

\

RATED TRAVEL FOR FULL SIZE TRIM

Valve Type Flow Direction Trim Type FL
Single Port or .
Doublg Port Globe Either Ported Plug 0.85 - 0.95
Double Port Globe - Either Contoured Plug 1 o.85-0.90
Sinéle Port Globe |}, Flow-To-Open Contoured .Plug' 0.85 -0.90

< Single Port Globe Flow-To-Close Contoured Plug 0.75-0.85
Angle ‘ Flow-To-Open 1 Contoured Plug 0.85 - 0.90
Angle Flow-To-Close ~ Venturi 6.45 - U0.55
Ball : Characterized 0.60 - 0.65
Ball =~ Reduced & Full Bore 0.55 - 0.60
Butterfly 0.55 - 0.65

;V-f‘T/N\TIe above values are typical and do not include variations between

valve sizes, other types of trim, full or reduced ports, and manufacturers.

-~

. )
M. available A P

Ji° Sizing AP R &2

a
»

.From the above relationship, a viscosity correction factor Fvisc is

defined: .
: Iu_ . ' ,
Fvisc.“& e e e e e e bie e s e e e e e (3.20)

-
1

Therefore, Cv (laminar) = er (turbulent) . . . . . . . (3.2.d)

Fvisc.

The start of laminar flow in the valve is taken at valve Reynolds

~

number Rev = 500, a}nd the pipe flow Reynolds number Rep corres nding'

to the start of laminar flow in the valve i8 calculated:

v - [ e e e e e e e e e e e a(3.2.0)
o RePl'pe- 5 J110 R‘v«m | -

Once the Reynolds number in the pipe corresponding to the start of

* ISA STANDARD ' :
. - 66 -

1




Typical values of F_ for Reducer and Expander
of the same size.

*Table 3.3

i
. N3C,/d2
d/D ” 10 -  db ~ 20 25 T30
—0.67 0.98 0.95 0.91, 0.87 0.83
<0.50 0.96 0.91 0.85 0.79 0.73
ag
laminar flow in Fhe pipe is known, ) 3160 QLG e . .(3.20)

I3

. L~ D Re
P

With a value for Al_, the correction factor Fv can be determined

isc.
from equation (3.2¢).. If the ''VISCoUS"™ Cv ca(culated does not match -

r

the Cv of the valve picked at the start ‘of the calculrat:ion, the pro-
cedure should ‘be repeated for anoé'her valve size. "

c) ‘Liquid Choked Flow Factor, Fy.**

The 1liquid choked flow factor, Fy, covers for thé effect of
“different valve geometrieé and fluid ppdperties on choked flow., The
factor Fy is the ratio of actual chokefi flow tﬁrough _the valve to g:h;e
calcdlra‘ted flow through the'. valve assuming nonvapourising, incom'pres-

. 8ible flow. It may be caluclated from ISA $39.1 formula:

wa P-F‘P )
Fy = FL 'A; v-_‘-------’---—- . s . (3'3)

o
\
° ]

. 4 ‘ ‘ ,
- Limiting value of Fy = 1 or read Fig. 3.2. -

d) biquid Pressure Recovery Factor, FL; ‘ )

'l'he/{ liquid pressure recovery factor, FL, accounts for the in-

“ fluence of the valve internal geometry on the choked flow valve

t

# ISA SIARDARD 339.1
** SEE APPENDIX C-1

Az




Liquid critical pressure ratio, Fg’

EY. Vapor pressure

s oo PC. Criticol pressure

: 2]
fFigure 3.3 Liquid Critical Pressure Ratio FF

o -

o

kY
B

‘Gapacity. -In table 3.2, .typical values of Factor F. at full rated

L
travel for full size trim have been quoted by ISA standard. Also, the 4

following equa;.ion as re.con;nended by ISA can be used to determine FL
i ¥+

AP :
iR --emm- -G

The- above e/i;ustion' is used for the test specimen under incompressible

.flow conditions. The factor FL can be determined experimentally using

1SA standard $39.2 formula FL = ._%AL_p ————a .(3.5) ’ ,
. k ‘ . . NiC, 1 ~©0-9G ), .

To meet the maximum deviation of * 5% normally required by ISA standard

$39.2, F| must be determined by testing. When the installed valve is

of other| than line size, and when estimated values are permissible,

e .

r
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L

e

R I
“ ol

|
v - e

~

the following ISA formula may be used: .

: : - . o '
- (R YK (G ‘ g '
FFeEp o F ELN_ZL(T;)JM e e e e (3u6)
,{ | , - S

In the above equation, K1 is the head loéq coefficient (Ky+Kgp,)

3
'

of the reducer or other devices between the upstream préssure tap and
inlet face of the control valve.

e) Piping Geometry Factor, Fp

<

The piping geometry factor, Fp, accounts for reducer and/or

expanders attached to the control valve body. The Fp factor is the

. pt

ratio of flow through the valve as installed with reducers to the flow

that would result if the valve was installed without reducers in a

e

‘standard.manifold as described in the ISA standard S$39.2 anﬂ tested

uider identical service conditiohs. The pressure &rop must be limited

to valves such that no choking of the flow takes place.

To meet a maximum deviation of & 5 per cent as allowed by the ISA

Standard, Fp must be determined by actual test..
s .

When estimated values are permi;te&,'the followins ISA equation

‘be used -~

s

‘F - 1 — ____-);-. e e .(3.‘7)4

P .|, EKE Cv\2 >
AN AA
I+ Np d") q

It the above equation the factor, K, is the algebraic sum”Jf the effect-

‘

ive velocity-head coefficients of the reducers and/or expanders at-

tached to, but not including, the valve and within the space'alloca;ed ‘
, \ ' )
to the pressure drop of the valve. Thus K* is defined as !

2Kak|+K2+K31_Kaz :-----.... « e e o+ s e u .(3.8')

* SEE APPENDIX D-1




S + o .

3 ., , R e

1 .".(3.9)

Kg; = Kez . o /
In those casee, Phere inlef and outlet fittihgs are different, LT o

"n &'\. * .\ - - "rél - = '
. ' Kay c.‘ﬁd/of Kgp = 1_. i) ——— s e .‘.' . ’~.(3.10) T

whene experim tal Kl and KZ values are not available, the follbwing LR .

* a

ISA formulae pan be used to calculate the approximate values:

. .
4 . ‘ S '

‘ \ . . y . ,z . . P .
i R & 16 5 S I
1 o K[Kz‘, 15(! )‘ - - : § (3.1
Y‘ . s "~ For reducerﬁ only, L For expander only, . .
~ ' 22 42 !
~ d .
t L K, = .5(1 e - - -(3.12) K-io(l )-- * (3.13) -
, ' \ N DZ ( 2 ' . /
| ' £) Lﬁgtid Critical Pressﬁre Ratlo Factor, Fp» - -
' : ) e 4 2 1 R i . » )
B e The ratio factor, Fp as defined by ISA standard, is the ratio of f
Y . . - - .
b - *veng conkracta pressure at choked flow conditions to the vapour .
1 N pre‘sure\of the liquid at the]inlet temperature. Values of FF may M
. N . ‘ | .
L . . } w

E ' ! e determined from figure 3,8 of ISA Standard. Also, it can be calcu-

* . . [l . -

//lated from the following ISA standard recommended equation,

- o

d

e - , . ( ]
¢/ * apparent N ) S . ,
/ / < ‘ > v 7

/o , /o = o
L = =09‘é-0281/—€-' S (3.14)
- F . (] N Y Pe - e o - - - . t‘- - - - . .

.

g) Valve Style Modifier Fagtor, Fd' . _

L

Fd is described'by ISA standard as a valve modifier factor.

4 -

< 3
-

Test results of a numbe% of valves show similarity of the character-

‘ - © istie cur%e of Fig. 3. l This permits generalization of valves with

different style, .size or port opening %(as déEtribed in Chapter 1) with

' E%%% . ‘a standard curve of Fig., 3.1, The curve represents, as per.ISA

Y




&
M &
Stanc‘l.ard an Fx”value of 1.0 for V-notch ball valves and for single-

N ] .
. W r '
ported globe:,valves. However, a deélue of 0.71 may be used for
valves with two parallel flow paths such as double-ported globe, (see
hapter 1, Fig. 1.1) and butterfly valves. Nevertheless,  caution

must be used in applying the figure to other valve styles since all

valves may not show the same characteristics.

h) Cavitation and Flashing ) g
A more common problem dévelops when‘cavita'tion_‘or flashiné
conditipns exist. These two related phen%\mena can place a signifi-
cant limitation on the basﬁ: liquid si&ing équation.‘ Since both cavi- .’
'J:ation and 'flashing occur«"ﬁ& 'many practical app‘licat_ions, they are |
worth cohsidering in some detail. Both cavitation ht;d flashing tend

-

to limit the flow and must therefore be taken into ‘account in order

to accurately size a control valve. When either of these_ two pheno-

mena are present, the‘ 't;;:\lt&uid sizing equation is not a valid

representation of what actually exists ,i'nWheqvalve.“ Flashing of a

liquid to a vapourvwithin a valve'is related to pressure recovery
because a liquid static pressure etists within the valve rather than down-
s _ "y . .

N t
stream. When the static pressure is reduced to the vapour pressure’

of the liquid, flashing occurs. If pressure recovery causes the down-

Physical damage to

valve trim, valve body or downstre occur.

5 -

S M .o
the valves, vapour

- -
L
contracta pressure




L&} 3 i N .
’ " increasing flo{; rate and increasing pressure drop to the one-half

F)

power deteriorates with the vapour cavity formation. When sufficient
. vapour has been formed, the flow, will become compieteiy "choked" so
that there wil} be no increasesin flow as the pressure drop (4AP) is in-

creased. The following ISA formulae should be used to determine the

L

maximum allowable press'ure drop that is effective in producing flow.

!

. . It should be noted, however, that this limitation on the gizing pres-

sure drop, & P(cm w’, doea not imply that this is the maximnn drop that

n

may be handled by the valve.

e

» ‘A" Vo . ' .
. ¢

AP _ (P P\/) .~.'..........(3-15) ‘;ZL;

(aow)
« ISA has recoummended three altern&ive methods of sizing control valve.

3

The first equation is for a Newtonlan fluid (liquid) under non-
" ¢ '

cavitating or ndn—flashing cdnditions. The second and third equations

\

/ give the maximm flow rate at chokéd conditions and with ISA standard . ,

and non—standard test manifolds respectively.

3

T . =N R ]/ A '
. S -,q'max ' e FLCy e e e g .h.(3.17)
. ' +.

v T ‘ ‘L Fpev]/-x-u N 18 1)

~\«Equation (3-16) yields a flow rate of q which must be compared with

¥

the detemined from equations (3. 17) or (3. 18), which equation
Imax

is used depends on the piping. - 'I'he q and U values are compapked

and .the smaller value is used to determi%e the size of the control valve.’
» ! - . . . ‘ l

et

\‘“\ Ll




) 4 ;
N
' / o T . ?
.; / , 3.2 Sizing techniqu;zs for gases and vapours . I
| =3
! 3 a) General Sizing equations a X -

7> N

>

streams such as vapour-liquid or gas-solid mixtﬁres."l >

|
| _
;, - y :

) ] Jwom Ngl“pCvY J AT e e o T e o o
y N .
1 (O

) . - B . + q= N'I-chvplY/—x— ". ¢ o 8 o e v 0/ s e e o
| v GTZ

‘/ wpa::NBI.‘pCVply ﬂ__ . A4 - L - . [ () . - - ;
N 7 » ’P"‘]Z

h ,} ’
) . q= Ng]’pcvply X . ‘ . ,.‘. @ - o
. . . v MTZ E .

where Y=1 - X L AL I T Y A R e
3FkXT N : ’

and Fy = k/140 T L
3

- g

In all the above formulae, x may not excéed

. LN
actual pressure drop ratio is greater. /

i f

y
Values for N are listed in Table 3.4 . "
»

pveee b \MM';‘”‘M;’-« e
-

N - A . M '
{ , . b) Expansign Factor, y and critical flow.factor Ce
. . 1 :

‘
o

[
3

— T T 3

>
v ' ‘ > /

The following ISA flow equations through a contr 1 valve pre-
sented are for use with gas or vapour, and are not infended for use

with gas or vapour, and are not intended far u§e with/ multi-phase
- P

.(3.19)

.(3.20)

(3.21) 7

.(3:22)

.(3.23)
.(3.24)

/}Lr even though the

The numerical constant N is a function of the measurements used.

. . The factor y accounts for the éhaugg;in fluid density as it

passes from the valve inlet to the vena contragta. It a]_sg;. accouni:s

for the change in area'of the vgn'a éopi:ra/cta as the pres<sure &fop is

)

[

&

_varied (cgp-tractibn coefficient).

n

!

L]




N

e

0.00214
890

0.00241
1000

27.3 _ - .-
63.3 - psia

417 - - bar.
= 1360 .- psia

94.8 . , bar
19.3 . s psia

7320 - scfh psia

-~

2240 . - 'm3/n§ bar

", i . . . * .
*The standard cu/bic foot is taken at 14.73 pswa and' 60°F, and the standard cubic -
“ N A Y

meter at 1313 millibar and 15°C.
. o ' 4

a
, R . el

Theoretically, y is affected by all of the followitrg

l 1) Ratio og,p/mrt: area to body inlet area;

.

2) Shape of the flow path;

3) Pressure di‘z&, X;

4) Ratio of specific heats, k. ' : w7

. ) N LT ﬂ , ~
The influence of 1),-2) -and 3) 1s defined by the sizing factor Xqn» Which
. ,

lmay be eatablis!ﬁ by air tedt in accordance with ISA standard §39.4.

i ¥" .

The same critical—flow factor, Cf, is useful for flashiunids

L oF critical compressible flow.’ Results of tests by manufacturers and

a -\‘ e Ly

*; SA St#adard(ISA 39.2 and $39. 4y wii:h water and air show surprisingly :

s »

lose correlation when \Itlrmining C £ This izﬁplies the same ~general

degree of pressute recovery for liquids, vapours or gases, because the '
r

critical-flow!acr.or is a measure of the tendency tox\:ard pressure

" I'ECOVEI'Y» Table 3, 5 shows critical-flow factors for )typical control valve,

"

ol ¥ ’

* ISA STANDARD . : o ’
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13
Table 3.5 Critical f1®w factors for control valves at 1007 1lift. (Cf) +3
N
' e - - — .
L - ar,
) Flow to closs plug  0.85 Flow to closc plug 0.80 2
Parabolic plug  0.90 LR Flow to open plug  0.90 Flow to open piug  0.75 :
V-Port plug .00 Parabalic plug onty Parabolic pliag anty PO
) Parabolic plug 0.62 \bﬂﬂw to close plug  0.50 Flow to close plug  0.50 4
V.Port plug 0.55 Flow to open plug  0.90 Flow to open plug  0.90
\'{"'N"c plug enly Parabolic plug only 5
Double-part, globe body Single-port, globe body *]___ spiit body
) T
Flow to close piug 0.48
q‘-so 0-68 t
\ Flow to openlplun ot 0.50 b/d=1 a=90° 0.58 = (A) Full Eppacity trim, onfice diameter=
— Faravetc plug only O 8 valve'diameter s
Flow to close plug  0.55 Drd=2 9007 0.62. B) Reduced capaciy tnm, 50% of (A |
Flow to open plug  0.95 /d=2 a=90" 0.50 gn)d less. apaciy tn 6 of ()
Parabolic plug only ’ ‘\
. But 2rlly . ¢
_ Angle body . , TN,
» 7 :
Note: The listed values apply for equal port area valves only
and do not include corrections for pipg friction.
- * \ N
r v , y
3 b -
L4 ) From table 3,5it is evident that 2 low num¥er implies high

pressure recovery, wher'eas a number approaching unity implies very

-~ * little recovery. . . :

\ {25] ‘

Baumann suggested the following formula:

. ’q/g=|3gg~ip'cu P- PzVP-&-Pz

which accurately predicts the flow rate at critical compréssible’ -

I

« flow, but some measurable error exists in the transition from early

»3

.(3.25)

N

. “dncompressible flow,at a very low pressure differential to critical

(28}

flow. The following formula was introduced by Burésh and Schuder

\ - |

. to eliminatg the error mentioned above:




-
|
.
o

\j Fractlon of predicted critical flow
1.0 -

! Fluld Contmls . “ 4

£ 0.8 . Institute 4 ~ Sincle. 2 ¢ o 1
\ S [ Formua N globe bty |
‘ 0.6 / ~
i o Butterfly )
\%\ . - ‘ \ Me , X, ‘
. 0.2 : \ Angle body -
, 0 02 04 06 08 1.0
. - «fAP 9
. )
Fig. 3.4 DEVIATg)N ot actual flowa for selected velves at [iSJ
. “ ~maximum opening when compared te flow predicted by formula. N
| o ¥ : |
r L~ ' .

The previous equation (3.26) is an em%airicai expression designed to

-4 ‘predict maximum flow; and was presente& by Buresh and Schuder as the
/ ,‘ . simplest empirical statement fitting closely to ~an accumulation of !
* experimelntal data. Another form of such an empirical relétion has '
' Beenrdeveloped by vafious manufacturers and individuals. The method
. l used 1s outlined here. Fig. 3.4 shows flow-—t;est: results purposely

\

selected to illustrate the range of deviation from predicted rates of ‘kL

flow when using the *FCI gizing formula for. compressible fluids. The

[y

FCI formula is as follows.

Y =963 QV%H‘PQQ’:+P23 P e le e e o (302D
. GT .

Pressure differential for critical flow has been taken as 0.SP.
» +
\ The control valvg_s that produce a critical flow rate muc lower than

* ’ A

% FCI: FLUID CONTROL INSTITUTE, U.S.A.

LY




"
.o, N
» Y Fraction of critical flow rate ’
1.0 _ \ v
~ , . 6 1 . \, .
. 0.8 - i . \\
' . . . ‘ ’ I
- 06 — :
| , . /
f ] . .
‘ ' 0.4 s
3 ’ ' ?
) ‘ ( 0.2 ‘
. \ ' {l
0 R o s

0. 02 04 06 08 10 12 14 1.6, .

1 < . "’ M (whereY =—-—' '63‘f—A—E ) o

ﬁ . ) v . vV Py .
| ~Flg. 3.5 FLOW correlation establisned from actual test data " 23

for many valva cenfiguratjons at maximum valve opening

om

i .

[, 13
. M

A Y ! . [

F ¢ ¥ . Y

. v

e +

1

predicted have high pressure recovery. A unified pattern of all avail-’

e

N
.

able dat,::a]relating to critical compressible flow has been established
6 _ ~ - ) - ,
. . ., by Boger. He plotted the fraction of critical flow rate ff versus z\h

- » new term y where . )
; : y,.'_c’_'-’iéf e e e e e .. .(3.28) ¢
: » 3 eF P’ .
i ' The resultimg”dimensional plot is shown in Fig. 3.5. The shaded area
‘ ) in the figlre denotes the sprggd of test data. The least polynomial '7
’9’ - fit to the mean valye was taken to establish the following relation [
k . . . EQSJ “
by Liptali< - : / | R
' o . 3 . , o v e e . ’ . . .(3.29
'Fc. = VY ~-0.148Y ( )
: o S , ~
¢ V‘Ihen y has a maximum value of 1.50, the above equation becomes equal C
4 ‘ ’

to one. However, an equa'tion- to predict critical flow rate may be




:
0 1]
' ) ¥V Y-0.148Y ' ‘
. T 5
« - .
1.0% /..1__1
; . / ’
i 0.8 P
H ! \ -V :
° 0.6 /
. . ' ‘ )
0.4 : .
] - ™
“ ' e 0.2 v
¢ o
P > T % 02 04 06 08 10 12 1 6 ‘
| . .( -. X X Y K 1. 4 L. \

<

6]
: , Fig. 3.6, GRAPH estmblfahes value for correction factor.

\ . ' t

L 0§ derived from the basic FCI equation (3.25) by using critical pres-

) sure .drqp'. So derived and adding Cf, }:he equation hecomes

' - 834¢C R . )
3 ‘ ‘i’a o Ceee e 020)

The expression-derived from Figure 3.6 may be used to modify equation

N -

(3283 for subcriticél flow., The completed empirical equation now

become__s {‘ .
"334 Qv_—ﬁﬁc.x;ﬂ (y_o‘l4gy3) . ,".._. e e e e e (33D

- 9
. 3
: Both equations (3.33) and (3.28) require a'preliminary (':aflculationk-alvnd.

inspection of the result befote continuing with the complete solution.
Although equation (3.30) can hardly b‘e considered of less complexity,

it does contain C; rather than a new factor.

[
'

{gain, a correlation of factors may be drawn.

C271 -

<
e e v e e e e e e o(3.32
¢,=16.5C; . 332

AN
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N

‘means that nuwerically the value'of y ranges between 1.0 and 0.667

. tested as a unit. When calculated values are acceptable, the follow-

'In this equation,¥pp 80nd X, are the installed value and rated value

1l [

Tests by various manufacturers and ISA;standards have 'shown that .
. I

critical-flow factor Cf determined with cavitating water flow and

:critical air flow, are similar enough to be accepted as one factor
for present purposes. ‘ ‘ ’
a (2] -

c) Pressure drop ratio factor, X ’

1

.

If the inlet pressure (Pl) is held constant and the outlet

pressure (Pz) is prdgressively lowered, th% mass flow &te through a

§
control valve will ‘:ncrease ‘to a maximum ?min. A further reduction

in P, will produce no further increase in|flow. This limit {s reached

when x reaches g value of Fk xT The value of x is use;-‘d in any of the

“

control valve, ISA sizing equations ('3.19) through (3.23) must be held

to this limit even though the actual pressure drop is greater. This

and the slope of the y versus x curve is establisfxéd by the product

»
.

x&l" “\ ) ‘ .
1f a valve is installed with reducers,. expanders, or other

5

devices attached to it, the value of XT‘is affected. To meet the

specified tolerance limitation, "the valve and attached fittings must be

ing ISA formula may be used:

—1 ¢

XKi((?v Y i 18 X 3

réspectively of the press{.\re drop ratic factor, and Ki ig the inlet

ve@city head coefficient (K,+ Kﬂl) of the 'i;ducer or other device -

between the upstream pressure tap and the inlet face of the control
. ! : ‘

valve. . N ' \




: - 2] R
d) Ratio of specific heats factor, Fk[ : ‘ )

The factor Xp 18 based on air as the flowing fluid. Air has

a ratio of gpecific heats k of 1.40. If the flowing medium differs

in this respectf, the fg}gtor FK is used %o adjust Xep for the flowing

¥

fluid. * Both theoretical and experimenta]l evidence indicate that a S
linear correction is adequate for control valve sizing calculations, y 1 -
. N\
apd that F, o K _. . }Il \ }
“ 1.40 -
e) "’ Compressibility factor, Z o/ .

The ISA equationé (3.20), (3.21), (3.22) do not cont'a;({x_(a\ term

for the actual specific we'ight of the fluid of upstream conditions.

14
v

Instead, this term is derived from the laws of perfect gases, based on

the jnlet temperature and pressure. Under certain conditions,

deviation from thése laws can result: in grbss error. The comﬁressi-

.

'bility factor must be included to rectify this error. The typical .

valu@ can be found from Fig. 3.7.

3.3 Sizing Application Procedure Recommendation

A method of control valve sizing for liquids and gas that is
as pimple .as possible is recommended. The following preliminary pro- L
N .
" cedures are recommended:

For liquids - by observation, it may be evident whether flashing exists.

If there is any doubt or change in data available, ‘calculation can be -

AP

I
made by ISA equation,

(allow)

=R'(R-ER) ... .

or equation suggested by Boger APm .—.(Cf;)z(P,- Eu) R

] i

« +(3.34)

335y L8




- s g A B A

et

Foxr Gases —for most purposes, the use of the ’basic FCI sizing formula,

If the actual AP is less than AP(QHQW)’

actual AP exceeds A?(Q"m;,y (allow)

damage, the nl,aximum allowable pressure differential should be limited

use AP to prevent cavitatiom

Xl

to AP( aﬂo:"v)' This may be accomplished, in some instances, by select-
ing a control valve with a High critical flow factor Cf or by ingtal-’

ling control valves in series.

P

together with equation (3.28) for critical flow, result ix; acceptable
accuracy. By inspecting, it may be evident whether or not critical ,
flow ig indicated. If there is any doubt, ;:alculate the control
pressure drop\A Pc as suggested by Bogerf,:(;:l j \ e . | ~
- AP=O.5(CF)2\‘P, ,.;....”.....(3.3‘6)
¢ A

hi J

1f (PJ. - Pz) is less than 4 PC, use the actual & P to calculate Cv'
If (Pl - Pz)‘ exceeds A Pc, then use equation (3.28) fér calculating t
critical flow, and divide the resulting Cv by Cf to increase the

9

requiredl Cv‘ If greater ac':curacy is desired in the transit'ion region,
equation (3.26) may be psed. Calculate y as per equatior; (3.28).

If y is less-then 1.50, compare with Fig. 3.6, which shows graphically
the relation qf {y ~ 0.148y3) to Y. Substitute this val..ue fof

(y - 0.148}73_) in equation’ (3.26).
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/

Q“/ ' existing flow. , 3 '_

in the

travel alway; produpéa the same equal percentage change
, \
) 9 \ co .
4.4-  Modified Parabolic Characteristic .

A vdlve w;lth a modified parabolic flow characteristic.is -
sometimes r:af.erred‘to as a throttle plug. Figure 4.2 shows that the
' ~ flow increases rather slowly at small tfavels, but progressively in-

creases more rapidly as the travel increases. KIn this respect, it

S v .
N is similar to the 'equal percentage flow characteristic, but the"
N ' ’ . ) *
' - _ rate of flow increase is more moderate. ' -

H

The valve trim parts are contoured so that the exposed flow .
. Al P .

. area varies as a parabolic function of the valve ®ravel.

'AssumiEthhat the flow is propbrtional to the flow area, the
19 "N «
flow equation can be expressed as:

QokES e e e e e e e e e e e e (b5

The slope of this flow curve maintains the same constant

by . . 2
R .

proportionality to the travel at every flow conditionm.

: . N —. The valve plug can be sha'fped so that the area exposed to flow

b

| .'is a parabolic function of the travel, but in real life, the flow is

not necessarily proportional to- the area. This results in an actual

\ -

- 1+ flow characteristic which departs éogghat from a true parabolic

.

o relationship, thus giving rise to the name modified parabolic. _As

mentioned earlier, the modified parabolic flow character;stic is now

used less commonly than in the past. . 2

N
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4.5 Linear Characteristic o . g

-~ , .

+ Proper con&ouring of the valve trim 'parts can maintaim the

" 1linear flow characteristic throqgﬁout the 'full travel of the valve.

N

This contouring reduces the quick opening aspects of the valve so

-
¢

that less fldw area per increment of travel is 6btainé§ in the low

.

flow region. This accounts for, Ehe'slope of the linear flow curve
in Figure 4.2 being less than that of the quick opening curve. Note,

fhoweGer, that the slope of the linear flow curve is the same for‘the

v .

entire travel., Equal increments of valve travel result in equal in- .

-/ )

crements of flow. An equation that expresses this linear flow chai- '

o
acteristic is: '

)

Q= kx RN T L I T T B " s(406);

where °

i

Flow rate

Valve travel.

A‘broportionality constant which dependiiupon‘the uni;s for Q

and x.

4.6 . Recomméndation

Some guidélines that will help in the selection of-the .

e ————— o —

flow characteristics have been given in Table 4.1. It is

~ - N

limport nt to remember, however, that there will be occasional ex-
to most of these recommendations and that a positive result
trol 1dbp. It should also be noted that where a linear character- '

ecommended, a quick opening control valve ply
. t

17

could be

Y - 90 -
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Flow Tontrol Processes

[y

FLOW MEASURE-.
MENT SIGNAL

LOCATION QF !
CONTROL VALVE
"IN RELATION.TO

BESTINHERENT CHARACTERISTIC

Wide Range of Flow

Small Range of Flow but:

. Large 4PBhange at Valve
, :YO GCONTROLLER MEASURING ELEMENT Sat Point with Increasing Losd

° in Seti Lin Equal-P,
- P i N " []d Q‘tl: lﬂ:'nth.
Yo Flow

In Bypass® Equal-hrcnnuv

in Seriss Linear .
Proportionst To B
- Flow Squared

Equal-Puc-nu'gc

In.avplu' * Equal-Percentagn Eq’unl-l’tmnhgo \

P

*When sonirel vatve closes. fow rite " vy

1 ‘ > -

Pressure a);ttr'ol Systems ,

Bast inhezent

Applleation Charscteristic

Hiquid Process . . Equal-Parcentage

Gas Process, Small Voluma, Less Than 10 f. of
. Jm Batween Control Vaive and Load Vatve

Equal-Percentage

Gas Process, Large Volume (Process hasa Linear
Recerver, Distribution System or Transmussiondung .
Excaschng 100 f1, of Nominal Pipe Volume)
Decreasing AP with Increasing Load. 4P at Maki~ ? o
mum Load > 20% of Mimimum'Load AP

Gas Process, Laige Volume, Decreasing AP with
Increasing Load, 4P at Maximum Load < 20% of
finvmum Load AP ’

Liquid Lovel Systems

Equai-Percentage

Best lnhuron'(
Characteristic
Constant 8P Linear

Controf Valva Prossure Diep

Decreasing AP with Increasing Load, AP at Lineas
Maximum Load >,20%of Minimum Load 6P

Dacrassing AP wul{ Increasing Load, AP a1 Mani- Equal-Porccpuqn
mum Load < 20% of Minimum Load AP

increasing AP with Increasing Load. 4P at Max- Uinear
L mum Load < 200% of Mimmum Load AP

Increasing AP with increasing Load. &F at Mixs-
muym Load > 200% of Miskmum Losd AP

F]

Quick Opeming

C19]

Table,4.l, Illustration. of Control Valve Flow Chayﬁbﬁeristics

~ ; v

~

L}
’

v

4 o

used, and while the controller will have to operate on a wider bro—

.

p?rtional band settin‘g, the same degree of control accuracy may be

expected.

»
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valve positjon and devéloped torque. . -
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Chapter 5 CONTROL VALVE ACTUATOR >

i
L t ‘

5.1 Intt'bduc tion

The prime function of "a'valvé actuator jc.s to move the stem

_under all conditions of 6pposing force. The force required to move

the stem vary greatly and are ypendeﬁt méinly on the bystem pressure),

fludid ‘motion, and the type and tightness of the packing glana .

The frequently used types of .remote actuators for large
valves are pneumatic and ele\ctfic motor actuator. Although hxdraulic

and electro-hydraulic ‘actuators are rapidly gainirig ground. .‘

Hydraulit dnd pneumatic actuators ca'n be controIled by the

operating p’essure of the fluid and the area of the operating piﬂ:bn

K om\\;iiaphragm. Motor actuators, which/act through gear drives on the

stem, are controlléd by limit torque switches that are actuated by

* - Q

\ © It 1is es(é%ntial to ensure that these devices are religblef- to

“o 8

avoid damage to the valve or actuator. When c1~osing and opening
speeds ;are high, t'l;e valvé desi;_n'must have :-an aéequate provision for
shock loading. It may be important to provide a means of reducing the
hi‘gh trénsient \forces thrc;ugh the ﬁse of energy absorbing devices.

Dashpots or springs may be used to reduce i:hg velocity just pridr ta

disc contact with the geat. Three basic types of actuators have been
. "

discussed ‘in this chapter. : . ‘ o )

g
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v o . ACTUATOR.

!

/ . . . - -
[ ‘

5.2 ‘Elec tro-hydraulic act;xatot -

¢ o

~ !

A typical electr::—hydraulic valvé actuator_has been showmn in

.

Fig. 5.1 : - T

R (2] N

- . ,FlﬂUf.Sa"AN ELECTRO-HYDRAULIC VALVE

. ! .
There has been an increasing acceptance of |electric control- .

ling instruments in the instrumentation and controls industry over the

past several years. These instruments, instead of producing -a pneu-
-~ ! \

matic error-correcting signal, yield a variety of low~power electric
signals which can be either.transduced or transposed at:a pneumatic

control valve in the fieldf as or when combined with an electro-

i .

. hd .

hydraulic valve actuator, can make a single control loop without eny

additional réjui ment'for a pneumatic power source. 'They do, how-

.

ever, require a separate electric power source.

L . €« ~

These low power electrical signals are generaily 24" to 65 .
volts d.c., and are of the order of 1 to 5, 4 to 20, or 10 to 30 .

milliamperes.

The current signal in one representative design, as illu-

strated by Figure 5.1, is fed into a moving coil. As the signal

’ "

N P
. [y

‘l . " ’ '\ ) N -
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'cgrrent varieé,‘ i:he coil -,moves co-r:z—'es;mndi:ngly witixin tixe field ;:f the
‘permanent m‘agnet. ;rhe coil in this partiz'cular design 1s algo attached‘
to a ‘pivoteé nozzle, through which a high pr;?ssure hydréulic oil 'Xflows.
As tl}e‘sigiml varies the p;)sition of the moving coil “i:h't'ough the pivot, .

L}
the nozzle injects fluid at a high pressure into one or the other of .

two cylinder pressure pickups, which either incregses or decreases the
hydraulic pressure on either sic}e of the plston, causing the valve to

move. The forces acting on the nozzle are balanced when the valve

) R X

/. . .
reaches a new position;itherefore, the nozzle re-centers between the

[+

cylinder pressure pickups and there is no,further valve movement

Other electro-hydraulic actuators on the narket are similar to

N

the one described here, except that they differ in the way in which

the hydraulic pressure is picked up by the cylinders. At least one

other manufacturer uses & conventional flapper nozzle /d‘esign of: the.
&

coll to change the .pressures on either side of the pistonmn.

Electro-hy&raulic actuators,- in general, offer the advantage

that tl:xey can be place;i rémotely from an instrument,’where there may
bg no other auxiliary pressures, such as a pneumatic pressure, to
operate a \"alve.“ They have/not been widby recelved in the chemical
andqe\troleum processing /plants, probably because they continue to be
ex{:ensive in relation to\a diaphragm actuated control valve with a
transducer, and because’ the essence of the design requires a _coxhtant

. source of pressure, wh’ich means a c\:onstant use of eiectric power to
pump the.hydraulic power fluid. \Fdrther, their operatling sp;aeds are

\ ' -

sometimes lqw'erf than can be obtained with a diaphragm actuator, and ' ’

even at this writing, their maximum stem thrusts are somewhat loweér -

. ’ . '
than can be obtained with large diaphragm actuators. p

~
[y

- 95 -




o

LI

5.3 //Electric Motor Actuator \ o
’ ° ° v . - \
Electric motor actuators are suited to those applications where' v
the energy requirements to operate the v7a/1ve are large and a slower

@

operating time is acceptable to the fluid system:'Electric motor

actuated control valve has been described beldw in Fig. 5.2 .

.,
- \

woToR« e ,
T 0
- e

.
sowr.
\
’
.
. :
< . -% A ’ '
B 5 I
+ .

. C . [zj ' 4.
Fig. 5.2 T[Electric Motor Actuated Control Valve

Electric motor actuators consist of a reversing’moto®; reduction

v
.

gearing, and the various switches to start and stop the motor.

The limit switches are capable of limiting travel in. both the
open and close directions, and most: actuators are also eq.ui-pped with
torque switches capable of limiting the appliedystem thrust in both

opening or closing. This design feature is for the protection of the

valve and actuator should any foreign matter obstruct movement of the

valve disc. a
B




valve is operated by motor. The drive trainlis'provided‘wfth % "lost-

* for this important function. ,

H . ’ ‘

“ N
A handwheel is provided on the valve actuator. The %ftor is . -

)

normally d}sconnecte& from the drive when the valve.ls operated manu-

) o N ¥

ally and the handvheel 1s disconnected from the drive train whem the

. .
il LN

motion" device that will allow the motor and geari&k to pick ‘up full

speed and momentum before torque is applied to the valve stem nut.

»\ 5

Such a device will increase the effecé&veness of the unit in unseating

sticky valves and it should be effective'for both manual and electrical
v - 14 ’ * - " »

operation. ' Lo Ny / .

.

5.4 Pneumatic Digphragm Actuator
Pneumatic diaphragm dctuators are widely used in nuclear and
fossil power stationg for remote operations of valves.
. Actuatofhoprovide high operation speeds, in a single and reli- /
aﬁle a;tuatqr. The air supply needed tolactuafe the diaphragm ig

readily available from the plant air system, but ‘care.should be taken
to operate with air which is free of moisture and oil, .

Pneumatic dlaphragm actuators are often used with throttling
. ’ T~ e
control valves, and they provide a responsive and accurate actuator L

'

\,

)

-

A typical Penumatic Diaphragm ?ctuator and Valve Assembly. 1s sHown

S

Y

o

in Fig. 5.3.
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CONCLUS IONS

. Any attempt to subdivide control valve into various types will be
E c * + ) s
" less than perfect. Nevertheless, in chapter 1, the selection into globe,

ba.l'"f and butterfly valves comes closest tio describing the broad- categoriee
o ~ of contrdl valves presently in use. One‘ shc;uld appreciate that there are
numerous variations withir} these broad categoriee. ‘For g,icample, the

: - globe‘ valire caée\gorry inoludes three—way‘an'd angle style lapdies and is mnot
restri_ctedL to designs having reciprocating stem movement. There is also .,

a definite trend towards flangeless (clamped between line flanges) body

styles with either reciprocating or rotary stem motion. While tWese

~

valves do not look liké conventional flanged globe si_:yle designas, they

fulfill the same function and have similar perfoﬁiance charaéteristi;:s.

.

; . . Early sixties, the acceptance of 3 ball valve as a modulating

. device has gainegd confidence. " Two very distinct concepts developed in

the evolution of tlie ball control ‘[ ve. e type which evolve\d from - *
’ pot ted entirely by t:he seats.

the hand valve utilises a full ba

The second cpncept which developed alopg the lines of the concentric
plug valve utilises a hollowed-out, sphe.ical segment, supported by two
stub shafts running in bearings. For the purpose of clarity, this

latter design has been referred to as a characterised ball valve. The

characterised ball valve is:so named because a spherical segment with a'

1]

V-notched or parabolit leading edge will produce aﬁ'eseentihlly equal

'pef:centage characteristic. The full ball valve differs from the charac-

Ve

VI tetised ball valve in that its plug is n&ade fx;ém a solid sphere with a-”’

e
passage drilled through it. The ball is normally sulyted entirely by
/
N a pair of seat rings usually made of/‘l‘eflon. The limitation of. the ball

\

,-93_
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depends lafgely on the type of seating material used. Resilient seats

have essentially no leakage, but limit the temperature capability to

1

that at which the resilient material begins to soften under load. Metal

geats increase th{ temperature capability considerably, but have a
iy , . .

kS \ T

7
higher leakage rate. Current designs are avallable wit&x allowable

1Y \ . .
differentials in}(odulating service of up to 1000 pounds\\per square
. \ . .

N

inch. . AN

™

N

!

The most common type of rotary valve used.fo'r control is the
butterfi&‘valwe typical application range as shown in Chapter 1 ‘ ,
varies from 2 to 36 :l‘.néhes or Jlarger for low or moderate pressures or ‘
on unusual applications involving larg’gr flows at high static pressures,
but wit:r1 1im1ted pressure drop. The typical_ valve, on throttling
service, is limited to 60 degrees opening, resulting tn a Cv rating of
18. 1In recent &gsigns. special shaped vanes are qsed to red}yce the .
dynamic torque and to permit wide open operation of increaseé capacity
on certain installations. The most common body design is the ;legeless
"wafer" type for bolting between line flmées. American National
Society standard body ratings are used, but the valves are also rate?l
for maximum pressure; drop in the closed position and in the sixty degree
_open position. Properly selected, the bdtterﬁly valve, generally in

sizes 4 inch and above, offers the advantages of simplicity, low cost,

light weight and spacé\segvipg, in combination with good f£lew contw:'ol

characteristics. ) .
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mended to test various material combinations and seat-disc designs to

A o~ .
ing, alignment of moving and stationary parts of the valve, radiation

It is beyond the scope of this report to attempt a comR}ete study

of the seat-disc design. But a reasonable discussion of the many known
’ Y

technic;l\vagiables which must be controlled, of the design have been

discussed in chapter 2. 1t is clear from chapter 2 that this is a dif-

A .
ficult and complex subject which has been solved acceptably omly in a

few applications. Although certain facts are well established in the
valve industries, no rigorous mathematical analysik and experimental

data are readily available to public. TWf argument pﬁt Fforfard by the

manufacturer for not publishing data is that these are proprietary

information. A long range research and development-effort is recom-

i

1ts in

determine limits of known technology. for achieving b

steam, éas, liquids and high pressure, high temperature water app

a

cations specifically for nuclear generating stations. Flow erosion)

geating surface wear, corrosion, contact pressure at seating and seal-

4

N
damage effects, dimensional changes of valve parts from ambient to

operating temperafures, and geometry of sealing and seatiﬁg surfaces
and other pertinent parameters should be qhantified as to limits

which determine repetitive Segt-disc tightness over a prolonged period
v <

of service. The end product of this iavestigation is envisaged as a

series of technical specification inserts for direct incorporation by

the users into specifications used to purchas% important key valves.

In essence, chapter 3 is the analytic section of the valve. b
Improper valve sizing can be both expensive and inconvenient. A valve
that is too small will not pass the .required flow and the process will be

affected. A valvé that is oversize will be unnecessarily expensive and




N - By cL

¢ Ay
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it can also lead to instability and other crit:[.cal problems\" The :
days of selecting a valve based upon the size of the pipeline afe

~ gone forever. Selecting the correct valve size for a ‘given appli-

cation requires z-ahknowledge of process conditions that the valve will

. T TR AT BTSSRy e o

actually see in service. The techniques fot using this information .

< for sizi;lg valves have been di‘éﬁ\?xssed in chapter 3 It is apparent N
\fro‘m chaptér 3 that accurate valve sizing for liquids requireé use'Ff\b/
the dual coefficients Cv and Km. A single coefficient is not suf-

; ficient to describe both the,capacity and the recovery character-

istics of the Valve. S'imilariy, for accurate valve sizing for com~

pressible fluid, the use of the dual coefficients Cgand Cl is requiréd.

. ' t .
It can be concluded that the proper selection and sizing of a control

valve for incompressible and compressible flulds 1is a\ highly technical
N i
problem with many parameters to be considered; however, accurate valve

v
e, ey w £ PN WS SO

sizing can save money through improved performance and '1ower initial

cogt. Technical inforﬁgtion, test data, sizing catalogues, nomographs, . ¢
sizing slide ‘rules, and even comput;er programmes are a;vailable that

remove the guesawork and make wvalve sizi:ng a simple,l accur‘ace procedure. .

It is obvious from chapter 4, which describes the valve char-

acterisation. 4s with all technical subjects, the study of valve char-

N
acterisation can be as complex as one desires to make it, but the fun-~ 4
) damental discussed {n the chapter can go a long way towards helping one’ ——

3

to select the right valve char'acteristic' for the application. To con-
clude, guidelines des&Fibed in the chapter that will help in the selec- *

tion of the proper flow characteristic.

[ 4 [ : [}




In Chapter 5,"various basic types of actuators have Been
discussed. It is evident from the discussion that to work success-
full} with a control.valve, an actuator must be able to move the

L)

- o > !
valve stem continually. Dynamic performance can be importamnt,

toa. «Resistance to oil and water in air supply lines and to cor-
rosion from the environment is often necessary. Specialldesign ’

considerations must pe considered when the actuators‘are ins;alled
in the radiocactive environmegt"pecayse ‘frequent maintenance is not
po;sible. Pnedmétic ac§uato§s are commonest today, with electr;c-
motor drive a diSCant*sécond and electro-hydraulid third. fn the
ppei?atié group, linear motion units predominate and can.adapt(to
% . ’ T
roﬁjgx;go }on\to actuate 90-deg valves. Simple crank arrangem%Pt
P rmits th}s.\,The elecéric—motor drive idapts more readily to rotary \

mStion than to linear, but some linear actuators are available,chiefly

. .
ow motion. Finally, it is very important to remember in the

for-

4

loads), and whlere the actuator is heavy, there may be problems from )

its weight ox\from such outside loads as seismic shock. Nuclear . . (
. .
valves and actuators, especially, are aﬁalysed from this standpoint. ‘

‘
A
«

AN
- Finally, a short range research is recommended to abate

a S

tﬁe noise generated from Condenser Steam Dump Valves (also known as

LS

Turbine by-pass Valves) Normally, steam is collected 'in a header
before final dumping into the condenser. \At the junction, where-all

the steam entering into the header creates an organ pipe effect.

A

geferates noise and vibration. Both phenomena have a serious com

sequence on the safety of the ‘system and personal safety. In vilew of

el
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APPENDIX - A1

]

REPHESENTATIVE xy FACTORS AT FULL RATED OPENING FOR FULL SIZE JRIM

a

(2]

T —— e e e by e =
Valve Type / ‘. - Trim Type Flow Direction Xy
X ¥ — .
5 Globe s
; single port ported plug either 0.75
% contoured plug flow-to-open 0.72
E ‘ flow-to-close 0.55 .
§1 characterized cage flow-10-open 0.75
{ ! flow-to-close 0.70
l double port ported plug = T—— either 0.95
3 contoured plug either 0.70 )
i ' Angle contoured plug . flow-to-open " 0.72 \
characterized cage flow-to-open 0.65
: flow-to-close 0.6@"
Venturi flow-to-close 0.20
Ball characterized regular port - - . 0.25
{Diam. = 0.8d) - - 0.15
Butterfly 60 Deg opening | -. -7 0.38
90 Deg opening - 0.20
The Recommended Voluntary Standard For-
. mulas for Sizing Control Valves contains the only .
prior U.S. standard control valve sizing formulas ’ .
"for*compressible fluids. This work was published ! '
by the Fluid Controls Institute in 1962, apdis » '
designated FCI-62-1. In U.S. conventional units
the basic gas equation is: . ' ]
. (P1-Pp) (P1+P9) ‘ '
963 \/ : ’
q= CV GT - . °
where pg 2 0.5p ‘ . .
f 4
Flow predicted by this equaton is almost always’
more than the true flow, the size of the error de-
pending upon the x value af the valve under con-’ + .
sideration. [f the error i8 to be limited to 10 per. )
cent, the pressure-drop ratio must not exceed the ) 3
following limits: i '
| , o (7]
Rated Valve xy . 0.80 0.76 0.70 0.60 0.50 0.40 0.30 020
Maximum x 1.0 0.44 0.38 | 0.28 0.21 0.15 0.10 | 0.065 .

Vo K

e



. APPENDIX Bl . .

]

, Examples of control valve 8izing calculations.

+

Cavitation of liquid. Let us K select a valve type

» - where cavitation may occur.L‘me fluid is steam cpndensate. . :

/

P, - inlet pressure - 167°psia

v 0 ™ —_
_ . Tl“ - inlet temperature - 180°F

Al

‘ \ Pv ~ vapour pressure - ?.5'lpsia S

' First, if otherwise suitable, a butterfly valve 1s accept_:ablé;on a

steam condensate condition. From Table‘33.5, find Ceo= 0.68 for a
. 2 ‘ $

. butterfly valve with 60 degree operation. Hence, by equation (3.35)

AP = c} (PP, )=(0.68)°C167-7.5) =74 pst. .

4

Since the actual pressure drop (105 psi) exceeds the allowable drop’
(74 psi), xcavitation will occur. Secondly, for a single-port, topa

guided valve as describéd in Chapter 1, flow to open, find Cf =0.9

1

- from Table 3.5. )
' AP, = (0:90)°(167-7.5) = 12§ psi. "

In this case, the allowable pressure drop.(129 psi)exceeds the actual -

pressure drop (105 psi) by 23 per cent, which is & good margin. This

valve is a better se]tection than a butterfly valve, because cavitation’
will be avoided. A double-port control valve may be used. The single-
| port control valve offers’lower geat leak;age. The double-port control

valve offers the possibililty of a more econ@ical actuator, especially

in larger valve size. t

h | f\a/
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Subcritical gas’ flow. The following data are giten -

N ’ . ) I

qg -‘160’000 cu. f-/hr. = . "(A ' ¢
Pl - inlet pressure - 2~75 psia

’ . R AP - N ' ‘ . :ﬂ A

) o .
T, - 60, F

? . ' «

4

Find valve capacity. ) C

°
. , (1) Use the FCI formula for subcritical gas flow.

: - c, = % -__ 60000 ‘ '
\ ‘ '13;0‘/93 [P+ R 1360 [0 [275+ 188
X ar V5= 520 z
: ' ' -
- . ) . N
=1i8.6 -

S . : S
; (ii) Use the unified gas—s‘izing eﬁuation for g%eli:er accuracy '
and assume a single-port, top-gulded contrdl ’valve (see chapter 1

, Fig. 1.2).From Table 3.5 find Cp = 0.90. -

g ' \@ Then from eéation 3.28, )
i 163 fap . 163 [90 ' T

Vo < VF T el 75 T J.04 . u
)

From Figure 3.6, find (y-@.148y3) =0.87. ~

, : ‘, [

o ? L
Therefore, e = g qﬁ\lar " leo,000Y520 .

- v

B 83 4 Cc P, (y-0-148y3) ) 834(0-90)(275)(0-9,7)

t
» -

= 20-4' ’ \. . i

This value represents an errqr of apptjoxim;tely 107 in the use,of the
Ié'éI formula. , :
. R & .
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" Critical vapour flow. The following data: are given -

. T Fluid < saturated eteam i @

: - ’ W = 78,000 1b./hr. . 2

N P, ~’inlet pressure - 1260 psia.

3

P27 < outlet pregsure - 300 psia.

\ A heavy-duty valve is suggested for a steam pressure-reducing system

N -

application.. First, assume a reduced trim for a heavy-duty angle

control valve, £1low’ to close, as per Table 3.5. Cf = 0.55. " -

~ 'éhen, by equatioe (3.36) .
| 4R = 0.5 (Y P = 0.5 (0-55)° 1260 =19} psi
E i . using the critical-flow formula (3;4QD for steam giveg: ’
1_ - “ ' Cv = c/;';c;P = mgis_% = 615 ‘
A lcwer C could be attained by-using the valve flow to open, but a
' , more economical choice 1is a single—popt, top-~guided control valve as’
' ) described in Chapter 1; installed flow to open.lSecondly, for a
? ° single~port, top-guided control velve, flow to oﬁen, we find C£"=:O.9
i- from Table 3.5. Hence

? o * 78000 - 37.¢
. .83 (0-90)'2‘0
/ A lower capacity 1is required ‘at .critical flow for a valve with less

pressure recovery. Although thia may not lead to,a smaller control
valve bedy size because of velocity and stability cgpsiderafions, the
’ L choice of a more economica} chtrol.valve-body tyﬁe and a smaller ‘
. e . 7



~

.

. .
\. . . ( ‘ -
acuator requirement is alternative. The heavy-duty, angle valve

requirement is-the alternative. The heavy-duty an?le valve finds .
bor 1iquid service '

.

its ap'blicati:on ‘generally on flashing-hydrocar
> ) L
alves (turbine .

¢ .

¥

yith a éhoking tendéncy or L1z'€mc1¢;txser: steam dump v

by~pass valves).
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