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1. IHLEDNING,

Ventiler och pumpar 8r vanligt f&rekommande reglienkom-
ponenter. Ett flddessystems karakteristika beror i

slor utstrdckning pd ventildimensioneringen. ©Ltt mind-
re lampligt val leder till att systeme® kan bli starkt
clinjért med 4tfdljande svévigyeter vid regleringen.
Omvédnt kan ett klokt val leda till att mdnga problem
undvikes. T detta avsnitt ges en kortfattad Sversikt ;
Sver fundamenta for ventilier och pumpay . Jag vill fram-
fora mitt hjdrtliga tack till Ing. Lars Enfors ;.Landin

& Gyr som latit mig ta del av hans kunskaper och erfaren-
heter om reglerventiler. Han har ocksd list en tidig

version av manuskriptet och f¥reslagit manga férbittringar.
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2. VENTILKARAKTERISTIK

Vi skall undersdka hur tryckfallet Sver en rdrstricka
R

med en reglerventil beror av flddet och streypningen.

Idealiserad Analys

Fér att f4& insyn i sambandet skall f8rst ett idealisce-
rat fall studeras. Betrakta en inkompressibel fiuid
som strdmmar genom ett rdr med en strypning. Strém-

ningsbildens principiella utseende framgdr av FPig. 2.1
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Fig. 2.1 Flide i ett rdr med en strypning.
(Efter Prandtl and Tietjens "Applied Hydro-~

namics"  Dover 1957 p 7u5)

Om friktionsfdrlusterna f8rsummas kan tryckfallet mellan
punkterna P, och P, Dberdknas ur en energibalans (Bernoullis

lag). Vi finner




Tryckfallet mellan punkterna P, och PS kan ej lika ldtt
bestdfimes . ur en energibalans d3 det sker en avsevird
energidissipation i form av friktionsfiriuster § den
starkt oregelbundna strdmningen efter strypningen. Fop
att berdkna tryckfallet mellan P2 och PB anvdnds I st&l-
let en balansekvation [&p rérelsemdngden. Andringen i
rirelsendngd QAlvg(Vg“V2> dér A, dpr rérets tvidrsnitis-
are, p Iluidens tithet och vz'och Va hastigheterna i P2

resp. Py, Om vi antar att trycken 4r konstanta Sver

tvBrsnitt genom punkterna P, och Py erhalles 44

{(2) Al(Pz*PS) = pA,v Cv3mv

i3 )

2

Llimination av P, mellan ekvationerna (1) och (2) ger

- o

Py Pyt ellvy? 1lvp2 v

En massbalans ger vidare
vy = Vg = q/Ag
v, = q/A2

dér g Hp volunflddet och A, ventilens tvirsnittsarea.

Tryckfallet kan sdledes skrivas p4 f8ljande sitt

(32 P =P - P =D (V -y )2 = pq2 (1 _ 1 )2 = ﬂ?
S A 7 R, "X 2
) 2 i A
dér
{4y A = AlAZ/(AlhAZ)




Den férenklade analysen leder sdledes till att tryak-
fallet &r proportionell mot fluidens tHthet och mot

flédets kvadrat., For en reglerventil &v i allminhet
A, avsevdrt mindre &dn A, och det gdiler dd att A ~ A,
och tryckfallet dr sdledes approximativi omvént pro-

portionellt mot ventilareans kvadrat.

1 formeln (3) brukar talet A hdllas ventilens konduk-

Ians eller dess flédeskoefficient (flow coefficient).

Storheten R som definieras av
] ?
{5 R = 1/A

kallas ventilens yesistans. Dessa begrepp dr bildade
med utgdngspunkt frdn formlerna

(6 P/p = Rq2
{(7) q = A P/p

genom analogier med sambanden mellan strdm och spdnning
f8r en resistans. Observera dock att konduktanser Sr

kvadraten p& resistansens invers.

Nigot om den Bistra Verkligheten.

Dern analys som gavs ovan. genomférdes under starkt idea-
liserade férutséttningﬁr. I verkligheten dr fdérhillan-
dena mer komplicerade.
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Flédeskoefficienten & dr sdledes ej given av uttrycket

{4} d.v.s.
A = AEAQ/(A{A?)

Detta bexor bl.a. pd kontraktion av stllen vid strypning-
en. Vidare beror flddet ocksd av temperatur och viskosgi-
tet., P& grund av friktionsférluster fordras ocksd ett
visst tryckfall 4dven d& flddet &v mycket litet.

L praktiken utgdr man d&rfdr frén ekvationen av typen

P = flq)

g= £

{(p)

ddr funktionerna £ och g och deras parametrar har bestimts
emiplriske. Fdr reglerventiler Hr de fdnktisnsformer S0
ges av {6} och (7) ofta goda approximationer och &verens-
stdmmelse med verkligheten kan erhillas genom limpligt val
av parametern A. I sampand med det internationella stan-
dardiseringsarbetet har man dirfér tagit formeln (7) som
vtgéngspunkt £8r beskrivning av en reglerventil: Ge t.ex.
IEC/TC65/WGY {July 1972} ~ Draft 65 Control Valves. En

reglerventil beskrivs dir av ekvationen

q =A'fi(;1) : fz(X) '\[%




dar fl anger yiékositetsbevoenﬁet och f? dppnings-
areans beroende av ventilldget. Talet A 4r en karak-
teristisk konstant vilken kallas flédeskoefficient
(flow coefficient) och har dimensionen mo. Karakte-
ristika fOr pumpar av olika slag kan erhidllas fran
pumpleverantdrer. Se Appendix. I instrumentkata-
loger Dbetecknas ofta flddes koefficienten med Cv och
anges 1 den ilntressanta enheten US gallon H,0 per
minut vid ett tvyckfall av 1 psi. Speciellt bdr man
hér vara vaksem pd amerikanska tillverkare med ang-
elska filialer, vilka ibland utnyttiar Imperial
gallons i stdllet f&r US gallons.

I dldre svensk teknisk litteratur fdprekommer ocksd att
flddeskoefficienten anges som "liter vatten per minut
vid ett tryckfall av 1 atmosfir!,




3. KRETEALGEBEA.

vid analys av elektriska n#t #r det bekvimt att utveckla
en kretsalgebra som gdy det mdjligt att bestimma strdmmar
och spidnningay i komplexa strdmkretsar. Kretsalgebran
byggs vanligen upp genom att £8rst hirleda formler £8r
enkla kombinationer av resistanser. P& analogt sdtt kan
man utveckla en kretsalgebra £8r fluida element. Vi skall
- h&r 1 korthet illustrera hur detta kan gbras genom att
studera serie- ach-parallelikogplinga

Seriekoppling.

Batrakta tvd seriekopplade strypningar enligt £ig. 1.

P4 . P2
< > <4 >

A"}

.0

Fig. 1 - Seriekoppling av tvd strypningar.

L&t tryckfallen Sver strypningarna vara Py oc¢h p,. Efter-
som det glr samma fl8de g genom béda strypningarna glller
enligt (18)

2 ' 2
1 AZ 2 ” e
By ﬁz

L8t p beteckna det totala tryckfallet. Vi finner 4a

{8) P = Py +-pz = g{é% + »E]qz = i)-(Rl + Rz)q
. Al Az




Vid seriekoppling av &va strypningar g8ller sdledes form-
lerna (1) och (2) om p betecknar det totala tryckfallet

och A den sammansatta kvetsens konduktans. Det gdller att

P
[Le}
S
|
!
[

[med Y

3
+ 1
A A Ag

bt

eller
R = .3 = R 4 g
(310) ;? 1

Vid seriekoppling adderas siledes resistanserna helt i
analogi med Ohms lag,

Parallellkoppling.

Betrakta tvé parallellkopplade strypningar enligt fig. 2

= e

g

i _

Gy :
—p—{

Fig. 2 - Parallellkopplade strypningar.

Lat fl&dena genom strypningafna vara q, och g,. D& det dr
samma tryckfall p dver bida strypningarna géller enligt (17)




.= o \[2B
‘?‘z“‘ﬁ’*z\/‘1

p

Det totals flédet 3y

= + - 2p
(1) g = gy 4 Gy = (A + A,)

Vi finner sdledes att vid parallell koppling av strypningw;

!

ar sa gdller att "konduktanserna" adderas.

Uppygifter,
1. Ange formler f&r seriekoppling och parallellkoppling

av enkla strypningay om det férutsittes att Fluiden
dr kompressibel med a) adiabatisk tillst3ndsférind-
ring och b) igoterm tilletdndsfdréndring.

2. Betrakta en strypning som karakteriseras av ekvatio-
nerna

r = REflqg)

Q,ﬂlfﬁl(P/R) = Cg{p)

dédr p 8r trycket 8ver elementet ("tvHrsvariabeln®)
och g &r flddet genom elementet ("genomvariabeln%).

Ange formler fUr serle- och parallellkoppling av
alement. '
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4. BN BNKEL KRETS.
Som en tilldwpning skall vi nv studera £18det i en enkel
krets enligt fig. 3 best8ende av en fix strypning och en
variabel strypning.
O 7

Flg. 3 - En enkel ventilkrets.

Enligt ekv. (4} giller

ddp AG dr flédeskoefficienten (konduktansen) f8r den -
fasta strypningen och A fl8deskoefficienten Fop den
variabla étrypningen. Antag

; 0 £ A ¢ Amax

For att besgkriva fl3det éenom kretgen infbrs funktionen

Ekv. (1) kan 44 skrivas




1 1

[a ] EEeas 4 L

[A2 2
Mmax

Funktionen £ kallas ventilens karakteristik. F8r att be-
skriva karakteristiken Hr det bekvimt att infdra den re-
lativa Sppningsarean

(16) % = A/A

max
och talet
2 2
1
(17) g = /Amax - Ay ,
2 2 2
LR * /By Byag * By

Talet o kallas ventilauktoritet {(valve authority) och an-
ger f6rhallandet mellan tryckfallet Bver ventilen och to-
tala tryckfallet vid fullt Sppen ventil. Observera att

Med den nya parametriseringen kan ventilkarakteristiken
skrivas

A 1 ®
(18) f(Aiﬁo) = - = = 3‘ = < =
P . 2 N ¥ -
Arax V& + {gja } {i=a) V“ + x"{1-a)
max '
= g(x,p)

Ventilkarakteristiken framgar av fig. 4.




12.

10

=
7

e = {raciion of iotal pressure
diff. across control valve -
when wide cpen

]
A

MNormerat flode

O %2 oA Toe TBE 16

Relativ oppnings area

Fig. 4 - Karakteristiken £8r en ventil i en enkel slutai
krets,

Observera att g(x,1) = %, d.v.s. om ventilauvktoriteten Hr
1 84 &n ventilkarakteristiken en linjdyr funktion, F&r 1&-
ga vdrden pd ventilauktoriteten o s& Hr karakteristiken
starkt krdkt. Detta innebdr att ventilen fungerar prak-
tiskt taget som en helt 8ppen eller helt sluten ventil.
Mycket smd fOrindringar i ventilliget medfBr siledes myc-
ket stora flideslndringar. Om man énskar att en ventil
skall fungera som en reglerventil b®r man ej vilia ldgre
ventilauktoritet &n 0,25. Detta gpeciella virde Hr rekom—
menderat av Eckman (1962). I praktiken h#nder det ofta
att flddessystem och regulatorer dimensioneras av olika
paersonar eller av oliké organisationer. Det dr ett mycket
vanligt fel att flodessystem dimensioneras sid att regler-
ventilerna f&r f8r 1&g wventilauktoritet.

" Kurvan i fig. 4 Hr alltid krdkt (konvex) f8r « < 1. Fér
att motverka denna k¥#Skning kan man utforma ventilkdglan
sd att Oppningsarean 8r en olinijir funktion av ventilli-

1 get. Den funktion som. anger £l8deskoefficienten som funk-

tion av




ventilslidens ldge kallas Sppningskarakteristiken. Om

Cppringskarakteristiken, d.v.s. fl8deskoefficientens A
beroende av ventilléget y, betecknas fmed A = gl(y) blir
sdledes flédet

. 2
(19 g = aly) =8 B« g(g (y),a)
pa

A8y g 8y ventilksraskteristiken som dges av {11). Funktio-
nen

(20)  92(v,%) = glgy (y),a)

kallas den totala ventilkarakteristiken. Den anger sfle-
des hur flédet genom kretsen beror av ventilslidens lage.
Genom att vdlja en konkav Sppningskarakteristik kan man
sdledes 1 viss utstrickning eliminera inverkan av den
krbkta ventilkarakteristiken i fig. 4. Kvadratiska och
exponentialfunktioner #r vanliga Gppningskarakteristika.
Det dr sjdlvfallet mdjligt att vilja Oppningskarakterig-
tiken sa att den totala ventilkarakteristiken blir linjiar.
D& ventilauktoriteten beror av kretsens utformning blir
en sddan Gppningskarakteristik starkt knuten +ill den spe-~
ciella  tillémpningen. Det &r sdledes nigot som kan £111-
gripas d& utrustning skrdddarsys.
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5. PUMPKARARTERISTIE.

Forutom ventiler och ledningar ingdr ocks& pumpar i flui-
da system. Centrifugalpumpen, som schematiskt visas i fig.
5, dr en vanlig pumptyp.

TD%CHARGE

IMPELLER
VANE

IMPELLER

Pig. 5 - Schematisk skiss av centrifugalpump.

PGy att f£& en kénsla.av hur en centrifugalpump fungerar
tilldmpas Bernoullis lag - pé& en strémlinje som bdriar i in-
loppsrédret och slutar i utloppsrbret. Om det férutsittes
att ingdende och utgdende rdren #r lika tjocka giller en-
ligt Bernoulli

(21) B m(Eﬂi = 0
P 2 -

ddr p dr tryckfallet, p vitskans tHdthet, o pumpens vinkel-

- hastighet och r dess radie. Den andra termen motsvarar

sénkningen 1 potentiell energi beroende p& de yttre kraf-

ternas arbete. Vi finner s&ledes att tryckfallet bestdms
av




P mjyirw)z
2

Denna formel &r approximativ Lty man tar ej hidnsyn till
tryckfdrlusterna i pumpen. Detta &x proportionsllt mot
flédets kvadrat och man far a3

)
(22) p = LES wz - qu = R(rmz - Riqz)
2

2

vilket #x en vanlig approximation av karakteristikan §8r '

en centrifugalpump.

Storheten po= p(rm)2/2 dr tryckstegringen vid flédet noll
(ddmda punkten), vilket &r analogin till inre elektromoto~

riska kraften hos en elektrisk motor.

Uttrycket (22) &r ocksd en approximation. Beroende éé pum-
pens utformning kan man £§ andra karakteristika. Nigra
exempel ges i fig. 6.

Stigande
Rak
< Fallande
2
o
~ 0
0 Flode

Fig, 6 - Exempel pd karakteristika f&r niAgra olika cent-
rifugalpumpar.




£. SAMMANSATTA KRETSAR,

vi har tidigaﬁe sett hur man kan gdra en kretsalgebra f£8r
en krets som endast bhestdr av strypningar och vi skall nu
undersdka hur man skall behandla en krets som bestdr av

pumpar,; ventiler och strypningar. Vi ndjer oss med att be-
trakta ett enkelt exempel och Gverldter &t ldsaren att ge-

neralisera.

Betrakta en krets enligt fig. 7.

L ey

O—
Pump

Fig. 7 - Sammansatt krets.

Enligt avsnltt 4 kan allt utanfbr pumpen beskrivas med ka-
rakteristiken (8)

p = pRq’

Om vi fdrutsitter att puﬁpen har en karakteristik som be-
skrivs av ekv. (22) gdller f&r pumpen

p = ng(rw)Q-ﬁ Riqz}
2z L

Fltdet genom pumpen sammanfaller med flddet genom den ytb-
re kretsen. D3 tryckfallen dessutom mdste sammanfalla gdl-
ler uppenbariigen '




qu = fw?) - Riq‘2

Vi far sadledes en linjir funktion f&» q2 vliiket ger

q2 - b m_wz
R + R,
1
ellex
q =\ et
R.+ Ri

17,
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7., REFERENSER.

Vid berdkningar av fluida system &y det rekomwendabelt att

repetera hydromekanikens fundament. Se t.ex.
R.C. Binder: "Fluld Mechanics®, Prentice Hall, 1855,

En OSversikt av reglertekniska karakteristika 8y ventiler

och pumpar ges 1 kap. 7 1

D.P. ®eckman: "Automatic Process Control®, Wiley, New

1

York, 1962, p
En alternativ referens finns 1 kap. 10 i uppslagsboken

Considine {editor): "Process Instruments and Controls
Handbook”™, Mec Graw Hill, 1957.

Praktiska regler for ventildimensionering finns ocksd 1

G. R. Kents "Sizing Control Valves - for liguids®

Control Engineering 13 (1966) May 87-92

G. Rl HXent: "Sizing Control Val#es ~ for gases and
Z~phase fluldg"

Control Engineering 13 (1966) June 69-73

En Sversikt med speciell tonvikt pd tilldmpningar inom VVS-
tekniken ges 1

L. Enfors: "Reglerventiler ~ Nigra synpunkter p& sam-
gpelet reglerventil»rérnatﬂcirkulaticns=
pump”, V8 (1962}):3, sid.

Uppgifter pé ventilkarakteristika kan inh#mtas i1 datablad
fr&n Masmeilan, Nordarmatur, Kille, Billman, m.fl.
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This appendix is added (1) to provide valuable infor.
mation which cannot resdily be included in the previcus
sections; and {2) 1o present a hrief discussion of some
subjects of a technical nature which may be veeful to the
sfudent of the art of design and application of gontrol
valves in the vast and growing fields of automatic conlrol,

o=l Coefficiens

The use of the Flow Coefficient Cy, first Introduced by
Mason-Neilan in 1944, quickly became accepted as the
universal yardstick of valve capacity. So vseful has Cy
become that practically all diseussions of valve design
and characteristics, or flow behavior now simploy thig
coeflicient.

By definition, the vulve flow eocfliclont Cy i “the mum.
ber of gatlons por ndnele of water which witl pass through
8 given flow resteletion with & pressure drop of 1 paih,
For example, & controf valve which has a maximizm flow
cocfiicient Cy of 12 has nn effective port area in the fujl
opeu position such that it passes 12 gpm of water with a
1 psi pressure drop. Basically it is a capacity ndex with
which the engiuneer is able rapidly and accurately to esti.
sate the required size of a restriction in any fluid system,
By use of formulas fsee page 67) & nunber is obtained
which makes engineeving sense. It has vienal magnitude
whereby valve sizing §s remarkably simplified,

By use of the formulas, it is possible

{1} to determine the maximum capacily of any valve,
whether in lignid, gas or steam service:

{Z) to determine the required size of g valve;
(3) to determine the flow voefficient, Cy, of any valve,

The Masoneilan Slide Rule solves directly in torms of £y
and also gives eapacity information on the more common
types of control valves.

The formulas are perfeetly general and can be used to
determine the data for any control valve, hand valve or
other flow restriction.

The basie value of Cy is the same for liquids, gas and
steam. If the flow conditions are known for any one of
these fluids, Cy may he computed directly. For example,
if & valve Cy is determined from a set of conditions
on liquid service, the formulas can be used 10 obtain the
capacity of the same valve on gas or steam service.

Fiow Characteristics
PERCENTAGE CHARACYTERISTICS

The term “Eqnal Percentage™ is conmmonly used when
speaking of control valve flow characteristics, There have
been many varieties of definitions for this characteristic,

T I PR\ b ey W ot i gy

i* '

BTy s T = Tt e

AE.

resulting in confusion as to its basie advantages, The
following definition sdequately expresses the principle
involved:

A velve having an equal pereentage charecteristic will
produes a ehange in flow for n unii ehrnge in 1Y whickh i
proportionsd {o the quanity flowing just before the change
B amvaule,

In other words, when the fow jx small, the change in
flow is small; when the flow is large, the change in flow
is targe; nod the change is always proportional to the
quantity fowing,

Organic growtl, decomposition of radium and com-
pound inlerest are bot a few of the multitude of processes
following this law ~ which in mathematics s known as the
law of geometric progression,

LIMEAR CHARACTERISTICS ‘

In & valve having linear charactevisties, the fow s
directly proportional io the lifi, e.5., 505 hlt will produce
30% flow, ste. '

When comparing valves having equal percentage char-
acteristics and Lnear characteristics, it should he remens-
bered that under normal steady operating conditions and
Svhere load Buctuations are small, the behavior of the twe
types Is similar. Under alisolutely steady conditions, the
shape of the port in the valve s not important; it could
be spherical, reetangular or triengular, since the valve
opening is merely a fixed restriction in the line, In other
words, for a given limited range of flow variation, there is
an exact size of g linear valve which would give perform-
ance almost identical to an equal percentage valve through
the same range, ’

FLOW CURVES

Fig. 1 is g plot of a typical flow curve for Masoneilan
Percentage Ported and Percentage Contoured valve plugs,
together with that of a Lincar plug, on uniform coor-
dinates, i.c., flow and kit scales are evenly divided,

fop T80
[
w1 WG i ..
. 0 , |
-2 FEETEHTICE
o . ]
= i =
“ §0
i ]
VAl
& e
+f 20 TYPICAL FLOW CURVES |_
x ¥ i i’/,{/ UNIFORN COORDINATE
ooxe e i = an
g Co , Pl
o BTl A ]
-4 B 2 g g & 2 3 3 g
FERLINT OF MAXIMUB FLOW
Fig. %

The lincar plug can be thought of as having a rectan.
gular slotted port. Flow is then directly proportional to
the lift, e.g., 505% Lift giving 50% flow, ete.,

63
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The Percentage Poried and Percentage Con-
toured curve staris out al a much slower rate:
for example, at 30% Lt the Percentage enrve
gives about 13% of maximum flow. Thece
eurves shew the flow characteristies previeusly
described.

For belter comparison, Fig. 2 shows the
same fwo curves plotted on semilogarithmic
coordinates. Note how the flow seale s divided
into two sections (156-10% and 1096--100%)
called cycles. Any munnber of cyeles ean be
used to cover the required flow range. The
flow range curve never resches zevo, This type
graph gives significant information in exactly
the same way thal a slide rule does, 1.2, regard.
less of the. magnitude of the pumber, the
percentuyge accuracy is the same.

Fig. 3 'These curves show the Percentage
Piston {small Percentage Ported) family, One
of the important featores of this type graph is
the clear porirayal of the relative capacities of
the various valves. The spacing between the
lines s a direct indication of the percentage
increase. For example, the 3”7 (orifice} valve
is just about as much bigger than the %4 as
the 14" vaivé s bigger than the 34", The
much greater spacing between the 14" and 147
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Fig. 3

valve indicates a large relative change in ™ irsn.—_emcn pcmnl" ?"‘if f/ J
capacity as would be expected. The steeper i It i Il oV AAN i
slope {net parallel to othiers) of ihe charse- _ib _A f ____,ij/h_,: <! :
tetistic curve of the 14" valve indicates a ,,Mﬁﬁf_m_,;ﬁ‘t oy j/i,?;f e 7
smaller flow range which is imposed by " ~——|7«f-/ F e ,{/ ﬁ///z——
physical limitations in the design of such an » ‘7"4;‘{4' vl Tits //l‘;/f/ }};//" r
extremely small valve, = e ’j”{; L~ VAP’ /f T
ia - - o £ —— -4
AN A
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Fig. 4 Theac curves show the 10000 Series TR AR TRTOYEEOR AN 33E g
double seated Percentage Ported family plotted €209 SOTFEICERT: Sy of WitrR AT18 £41 en
in continvation of Fig. 3. By moving vesti- Fig. 4
cally from the plot of one valve characteristic
to another, a comparizson may be made of the .,
[ . . T Y T YXTTE e Y
valve position resulling fromn the choice of Y| g0l [ A dHiE f E 11/7'_% vf/i:}’ Z
different valves sizes for any fow condition. 5| sold o et CoNTOUREDT: //';/ '/LL 7 /’T 2] i
For example, » 17 valve at 1000 Lt {ie. at 3 v HiZe [/if—l)’,fli// “
rated opening) is equivalent to a 1%4" valve 3 &0 Ty 'I‘ 14—1112‘ Py ~ pe -
at 84% lift; & 11467 valve at 749 lift; & 27 3| %0 W TR T
. . GTo A 1 Coond 40— 7= ! 78
valve at 629 kift, and so on. g v J i,)/// A : .-//’
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Fig. 5 The 10000 Series double seated Per- & 1o /c;’/ /] " /,/ ST
) - » . 3 e
centage Contoured family wmay be used inthe ™ %55 2% 342- ~ WY eez 3§ 83888 g83838 g £
same type of analysis. The major difference o T T R T
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A plot of valve flow characteristics on these caordinates
shows the behavior at low lifts as accurately as at high
fifis and a series of characteristic curves may easily be
plotted without interference or ecrowding. The most
important property of this graph is that an eqoal pereent-
age characteristic plots a siraight line, The slope of this
line is an indication of rate of change of flow for 5 unit
change of lift. Thus we are able to identily the equal
percentage flow characteristic.

In Figs. 1 and 2 flow characteristics have been plotied
in lerms of percent It and percent flow, By using the
flow coeflicient Cy, however, s much more eomprehensive
picture is obiained (Figs. 3-5 )0

One feature of the preceding graphs js helpful in prob-
leme involving reduced capacity trim, or in selection of &
valve for 4 wide range of operating conditions, Fist,
solve {or C,, through use of the {ormulas on page 67. Then
loente these values along the lower edge of the appropriate
graph and move vertically to the plog of the valve being
considered. This method s an aid to engineering judg-
ment on the more diffieult applications,

Rangesbiiity

In this brief discussion of a complex subject, range-
abilily is considered an inherent property of the valve,
unaltered by the physical conditions of the installation or
operating conditions of the system and unaffécted by
pressure drop in series with the valve,

Rangeability of a control valve is defined as the ratio of
maximum controllable flow to the minimuwn controllably
flow —a definition which is sbstract and without qualifi-
cation. A conirol valve with a soft seat could be said to
have a controllable flow range of from zere to maximum
and therelore, by definition, infinite rangeability, This is
obviously not the intent, but gensrally speaking, all coh-
trol valves have s rangeabxhty limited aniy by the leakage
flow in closed position.

Since the definition considers only minimu and maxi-
mum flow, it would have no real meaning unless it in-
cluded flow characteristic, Thus a more realistic definition
would be “the flow range through which a particuler flow
characteristic is maintained within predetermined limits,”

The most common ratio in practical use is 50:1 with
Percentage characleristics. Plotied on semilog coordi.
nates the Percentage curve revesls a unit sensitivity,

T

A3,

Wanlivwe Sixing

(peveent change of flow per pereent change of 1t} of 4%
per ¥,

Althongh the Buear curve is plotted as haviag a range-
abifity of 50:1 and is commmonly so eonsidered, the unit
sensitivity varies widely belween mininoum and maximum
flow, betng 20% ot 5% it and 19 at 10055 it

It should be remembered that all these curves are
idealized, 1t is physically impossible to produce a perfect
50¢1 egual perconiage characieristic in all sizes of conven-
tional valves and at the same time maintain demanded flow
capatities. This is partienlarly trug in the small sizes be-
caust of physical limitations in ninhvium controllable flov.

. . i
Valve Sizing
OPERATING CONDITIONS

The selection of a correct valve size as determined by
formula or slide rule is always premised on the assumption
of full knowledge of the actual flowing conditions. Fre-
quently, ene or more of these conditions js arbitrarily
assumed, It is the evaluation of theso arbitrary data that
renlly defermines the final valve size. No formulas - only
good common sense combined with experience - can solve
this problem. Theré is no substitute for good engineering
judgment, Most errors in sizing are due lo incorrect
assumptions as to actusl fowing conditions. Generally
speaking, the tendency isdo make the valve oo large to be
on the “safs” side. A combination of scveral of these
“saiety faciors” ean result in a valve s0 much oversxze as
to be troublesomie,

Fressure Drop Across the Yalve On a simple back-
pressure or pressure reducing application, the drop across
the velve may be known quite accurately. This may alse
be true on a liquid level control installation wheee the
liquid js passing from one vessel at a constant pressure to
another vessel at a lower constant pressure. I the pressure
difference is relatively small, some allowance may be nec-
essary for line friction, On the other hand, in a large
percentage of all control applications, the pressure drop
across the valve must be chosen arbitrarily.

Any attempt to state a specific numerical rule for such
a choice becomes tov comiplex to be practical. The design
drop scross the valve is sometimes expressed as a per-
centage of the friction drop in the system exclusive of the
valve, A good working rule is that 50% of this [riction
drop should be available as drop across the valve. In
other words, one-third of the total system drop, including
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all heat exchangers, mixing nozzles, ete., as well as piping,
is assemed to be aheorhed by the control valve, In many
cases. especially iy high pressure centrifugal punips, the
head eharactevistic of the pump becomes x major factor.
For valves installed in extremely Jong or high-pressure
drop lines. the percentage of drop across the valve may be
somewhat fower, bt ar least 15% —up to 25% where
possible - of the system drop should be taken, This rela.
tively fow percentage drop is permsissible, however, only
when the variation in fow is small,

I some cases it may be necessary to make an arbiirary
cheice of the pressure drop ncross the valve because
meager process data are available. IF the valve is in 3
pump discharge line, for instance, a drop of 10 to 25 psi
may be assumed o be sufficient if the pump discharge line
is not extremely loug or complicated by large drops
through heat exchangers or other equipment, The ten-
dency should be to use the higher figure.

In the intercst of économy, the engineer tries to keep the
control valve pressure drop s low as possible. However,
a valve can only regalate flow by absorbing and giving up
pressure drop to the system. As the proportion of the
systent drop aerdss the valve is rednced, its ability further
to increase the flow rapidly disappears.

On more complicated systems, considerstion should be
given to both maximum and minimum operating condi-
tione. Mason-Neilan engineering assistanee is availuble in
analysis of such applications,

Flowing Quantily The maximum flowing quantity han-
dled by the valve should be 25% 10 100% above the
rormal flow required by the process. The normal flow and
maximum flow used in size ealeulations should be based
on actual operating conditions wherever possible, withons
any “factors” having been applied,

On many systems, a reduction in flow means an inerease
in pressure drop and the port arex range may be much
greater than would be suspected, M, for example, the
maximum operating conditions for a valve are 100 gpm
at 10 psi drop, and the minimum conditions are 10 gpm
at 40 psi drop, the port arca range is 20 to 1, not 10 fo 1
as would appear at first glance. The requived change in
valve port area is the product of the ratio of maximum
to minimum flow and the square root of the ratio of maxi-
it Lo mininum pressure drop. In this example

100 x+/40 20
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There are many systems where the increase in pressure
drop for this same change in fiow ia proportienally mueh
greater than in this case,

Specific Gravity In the flow formulas {page 67}, the
specific gravity is a square root function; therefore small
differences in gravity have a minor effcct on valve capae-
ity. If the gravity is not known accuralely, a reasonable

assumption wili suflice. The use of .9 specifie gravity, for

example. fnsiead of .8 would cause an error of less than
5% in value eapaeity. .

¥izcasity Some published literature gives various meth-
ads of correcling for the effect of viscosily on v":‘tﬁve
capacity. Generally, the correction factor should be hased
on Reynolds number whieh canuot hie conveniently deter-
mined for the complicaled flow patiern threugh o control
valve, Moreover, viscosity correction data available doea
ot extend to high viscosities where valve sizing becomes
a difficuli problem, It is consequently almost impossible
to establish a hard and fast rule for correcting for the
effect of viscosity, The relative infrequency of such instals
lations does nok warrant the complicated study which
would be necessary for full understunding.  However, a
practical rule to follow is to increase the reguired flow
coeflicient by 50% fot vissosities up to 10000 SSU,

Vaparization No reliable method, for all Jiqquids, has
been advanced for ealeulating the required valve size when
partial or complete vaporization of & liguid takes place in
the valve because of pressure reduction. Onie method of

 caleulating valve: capacity for. saturated and subcooled

water at the valve inlet is presented in Mason-Neilsn
Technical Data Series No. 10-10 {copy on request). An-
other method sometimes used involves separate caleulas-
tions of normal sizes for vapor and Yiquid and adding the
two together on an area basis, This method of combining
flow cocfiicients is effective on low to medium pressiire
drops, or where it is expected that a large portion of the
vaporization will take place upstrenm of the valve,

Generally speaking, there is evidence that vaporization
&t the valve orifice has relatively small affect on valve size
as long as the valve outlet piping has ample capacity. A
satisfactory working rule is to select a valve one size
larger than caleulated und rapidly expand the valve outlet
to the ultimate pipe size. There are a great many valves
in service which have been sized by this method and there
is every reason to helieve that the results are just ag reli-
able and accurate as those of more compliented methods,
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Valve Sixzing
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VALVE CAPACITY

any rvestriction can be determined. Note that Cy does
As previousty stated, the use of Cy (Flow Coeflicient)

nol invelve any specifie Row restviction, Tt is based on the
has remarkably simplified valve sizing. 1 is essontially a fundamental Jaw of fluid flow (V==+/2 gh}. Under
capacily index. Any flow problem either for gas, steam or spoecial conditions. sueh as bigh pressure drop or use of
liguid can be converted to the equivalent valve flow cocffi- special plag aund body de*;nnq deviation fram ihe simple
cight, Cv. Thus the flow of any fluid through o vestriction fundamental law can be ii]hkldnhﬁﬂ Special rules might
with a known pressure drop can be cony erim} 1o the egniv- be formulated for certain of these flow probisms hut thc
alent amount of water at 1.0 psi pressure drop.

extremely complicated tabulation of necessary data is
Using the basic conversion formulas helow, the Gy of hardly justifiable for practical valve sizing.

MASONEILAN SLIDE RULE
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o All Masoncilan Control Valves are rated in terms of C,. or. gas. Using G, rating from tﬂblﬂahons in this catslog
(C:j The ratings are conservative and are based on pressure {or on insert supplied wiih the Slide Rule) valve capacity
dl‘ﬂp atross the inlet and outlet of the vaive, There 18 Ho for any valve size ean be vead (hrccﬂ}r from the rule. H
allowance for pressure drop in adjacent piping. requited flowing conditions are known, flow, valve size
The Masoneilan Slide Rule solves for C, in most and Cy are read dirvectly from the rule.
* instinces with only one setting for either liquid, steam

€y FORMULAS

NOMENCLATURE

Py == inlel pressure — psia {147 -} psi gauge)
P2 = outlet pressure - psin {147 -}~ pei gauge)

i' V== flow in ULS. gpm

Gy =zsp, g @ fowing temperature
| Q =cth @@ 14.7 psia and GO°F

T, = flowing temperature — °F abs {460 + °F)
W o—IL/hr G = gas sp, gr. {air == 1.0} T, ==superheat in °F
‘ sh e
. . Tiquid [+ Saturated Superticated
Presired Known @.‘litl:-f;x @.?!!)mm
UsS, gpm Po/he @ sett Gibie / fhe
4
PO 1.5 AN B w @ Qv w w (DL T AW
s E LY ¥ = R - Pty ey
G, LV O T T 20 o - T 4::2\/' O DT R L 30V(P, -~ PRl TPOGy A SEET P URY] AR O 2 WS PP P
A <, Q . A .
Ferng, G &P, LT
c Cotrevted T, IV SB R T P
Wik, he) SR ey e O TR PARY Y o L v i o S [V D R T{ S
;fUS g = T i MRS = 1+ P} o - 2AC A (I = PP+ Py
v :Jli;:r'ff)m] G, Pt,::. Pyi{= " G, 5000, V(T i',;(., -—-—-—ﬁ~—m- 3,230 (P~ Pl 1 PGy na.lc.v’{?.-l:,u]-,-rl-'ﬁ R YT
fgas
Yo ok, 963¢, VP P37
Conivted T VT, “

m When P, is Iess than E—‘» the expression V(P — P14 Pa) becomes €.87P,

@ Gn ges flow the cffeet of flowing temperatares may be neglected for all tempcraturea betwean 30°F and 150°F.
For higher or Jower lcmp::mturcs a turreetion should bc included,
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