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Cv =
Fo\/ AP, (3.1)
Where:  C = Valve sizing coefficient
F. = Piping geometry factor
q = Flow rate, gpm
AP_ = Allowable pressure drop across
the valve for sizing, psi
G, = Specific gravity at flowing

temperature

L Bl o 5 oS Oy OV B 5 1y Ol lis e gl plad b o7 e o OT ale eyl b 2> S

MTM‘?CAMJULs’tifd:o@;Tcﬁfuﬂ&L@J%ﬂdT)beﬁdejﬁ

o le b 235 Ol o8 oy 3590 03 S el @

23,5 > OT s 55 iy S8 b il 5 4l 2alS 5550 50 38 Gny (005 U2 pbe Skl Jls 5,
Sl 4 1035 28 o Jlw ol mn Sl slgalm 135 8 sl 0T 53 58 5l el 5 4T 0 b s b
0 b 3l b Oislas &7 Lol b opl 3 5 (Gl i sz 51 ) oy el b ()Lad &5
b e LS D13 rimmed cylod o (Sl s £ 90) TS piizn sl anl bl 4S5 GG b
O 5,5 5 5 (G6 e o i) mle SIS Cop o il g o3l o 5 08 0 ) Ll I
5 Soos 5o slul Sl iy 5 4 o3ls lasg ol & 208 o UL Sl psiase oy sl
SLkily el v osle oty pl S oo Conslin 55l ol 53 638 oS Usmmn 5 35500 0T & (g no

)‘M}ﬂbb}i\ C,&ng.wﬁTuﬁ u.':.’.Lf. L;‘ada:-U.A J.:L’B'J)LMUAL{ oJ‘J.:“L:@Le EERA &‘JC»\.L’U‘JW

3 Shock Wave

www. power pl ant ac. con


https://www.powerplantac.com/

phao S 2B 55 and s 0o pasia s o s O sl 5l glhs 33,5 b ey > DL
L glalis @ shine Glalis ol gl 5o T s BT 4 50 Gy o (ol a5 L Ol ses ol (g5l
Bl 535,525 2887 5 Jlw QL alal sy 155 0 il y SUbI 3 Lt 2als 538 0 s odls
sl

S 4 Slas dglm 048 5 L gl g5 058 3l 3y Gl b 9T Sl S 53 @ O sl S
E g8 03 3 3shn ohd S e 3l 38 e 03 Sl wT s s Sad et el b
ooy Sor ST 35 Sl cann il s Slad bbbl lple IS L g o5l s Slleg ¢ gl
ol Wl s S s LS im0 bl 55 S5 plals bl Jor (5o Ol G ale 5 0
(IS et 3 5358 S a5l 508 Slarey me Ol oS sty 058 4 e Slado 5 g
Seh ek 5o MIXer Ky by o gleale s Sb> slaedals

.xs)l.‘xfsa <> » Cavitation and Flashing «5" T ‘a5 o > O gl oS 5 92 Jola S sk Ol
il o gl (Zoadl oa g (Al Blod Sl o J S hs 0 o

thplesd 35 Flashing ooy 5550 3 55 el s &

Olea 3 el il & Slles b o b Jbo [LEd 5 @ ¢ g5 Skl jlzs  Flashing e s
b Sl bl (J S b e s byl o 8 338 i b s 530 il & e
D seliy ol ety 53 J5 338 0 T s by 4 e lsil bl dlw UL s <o, erOSTON
el 5 edd SL5L Vena Contracta abis s b o Jlw STl [lid s 5 il )l de
35 5225 4 6 s b ek 457 03 S ShOCK Wave sl 5 oS5 5 a s vgy o bl sl

4 Inertial Cavitation
5 microjets

wWwWw, power pl ant ac. con


https://www.powerplantac.com/

deal 955 L@p’bﬁ:&)ow Recovery s ol Lo slas « Flashing saas 5o 8 sl a5 5 &5 opl @

S 5

1 69,5 i > Vena Contracta ki <

P, | > < I P, Flow

Pressure
4
F— P, = Inlet Pressure

=3 P_=Qutlet Pressure

P = Vapor Pressure

P, =Vena Contracta
Pressure

\ wmnce
\VApORZaton slans >
as prassune dops ~avitatin r >
Bslow the vapor Canitation starts as

X bubbles colapse when
pressure of the ; pressure rses above P,

fiawing flud
9—- Microjet

5}; =~ )3Vena Contracta b 5 oyleds Jg.;

2348 ssh <X Vena Contracta (Sl Jlid) S o i b (Sl jlas op 28 | abis
I slas s Il OT Sl JLed 51 2eS” aaais OT L3 Sl 5Lis S0l o ls god e i UL S

(dy o o> OT 53 Jlw by [Lid 4 g 03 g iy 2l dl &b\

9 J}.»L;a a-\.AT Serg A 6"@"‘*" UJ.”{)S C».Gl.’ i Recover L.’. u’l'.’.JL’ JLﬁ 0.‘333 ..\.”.{ 3 (:3.3 alags @

Al daly 3L Flashing s laa s oty dy 3535 b5k 5Les 15,57 o 35m |y O gnly 5187
?V{‘}@dﬂ@jg&b‘bé}@ﬂﬁb}@d}i{w”C,\.w‘g‘).iw
Pl V.:sbl}} ISA 5 1kl 55 J =8 b ,ud ol

AP (cavitation) = F> (P - P,)

www. power pl ant ac. con


https://www.powerplantac.com/

Where:
F. = Liquid cavitation factor

(Typical values for F.are given in|Table 3-I

P, = Upstream pressure, psia

P, = Vapor pressure of the liquid, psia
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APt = Terminal Pressure
Drop

Flow, Q
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Use Equation 3.3 to check for choked flow:

AP, = F2(P,-F.P,)

Where: F_= Liquid pressure recovery factor
F. = Liquid critical pressure ratio factor
P, = Vapor pressure of the liquid at inlet
temperature, psia
P, = Upstream pressure, psia

1
See Table 3-Ifor F factors for both full-open and part-

stroke values.
F. can be estimated by the following relationship:

P

F.=096-028 | (3.4)
J P

c

Where: Liquid critical pressure ratio

5=
P, = Vapor pressure of the liquid, psia
P.=

Critical pressure of the liquid, psia
(see Table 3-I1)
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INTRODUCTION

Valtek uses a systematic method for selecting body
types, sizes, materials, pressure ratings and trim sizes

s based upon the
. This standard
and the corresponding measuring standards contain
Equations used to predict the flow of compressible and
incompressible fluids in control valves. Slightly differ-
ent forms of the basic Equation are used for liquids and
gases.

S o s 23l STy s Ko 1) O gl slST 5 00k Choke 4y e L5 3l 655 o ad e s
L;Lk:—u».Jg’b4.&..21;@OHL‘;&}KQ‘JCJdL«.‘.‘:—‘ca.k..?:;:d.b.’bu,ab‘fﬁ}&bﬂfljr@xﬂﬁpdﬁ

.an\.‘g’j\{ﬁlﬁjb r)LEA b‘)ﬁ)‘ o)L&»'\g’”’hTrlmM’Mb cﬁjﬁjﬁjb

The required C, for flashing applications is determined
by using the appropriate AP allowable [AP , calculated

from|Equation 3.3]
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Example One

Given:
LI e s s snmssmn s Water
Critical Pressure (P) .......cccooune....... 3206.2 psia
Femperatireioscss. ....coouovsee St oo 250°1
Bipstream PIessHie (P.) ... SESE. 314.7 psia
Downstream Pressure (P,).................. 104.7 psia
SPECfic Gravilyl «omnsnnanernnanss 0.94
Valve Action .........cccccoeeiiieiie. Flow-to-open
EINE:SiZEuwncanmnmnninmy 4-inch (Class600)
oW REIC). X.. oo oo oo oo o ey 500 gpm
Viapor Pressure.(B ). awvdivi ] 30 psia
Kinematic Viscosity (V) ............ 0.014 centistokes
Flow Characteristic ................. Equal Percentage
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AP = 314.7 psia - 104.7 psia = 210 psi

—_—

Step 2: Check for choked flow. Find F, using|Table 3-
I. Looking under “globe, flow-under,” find F,_as 0.90.

Next, estimate F_ using Equation 3.4:

30
3206.2

=0.93

F.=096-028

Insert F,_and F_into Equation 3.3:

AP, = (0.90) [314.7 - (0.93)(30)] = 232.3 psi
s 8] s s 0Ly Choked FIOW iy s ol & (glebasly 4l axils sl o &

AP, = F2(P,-FP,)

?%ﬁ@gﬁ%ycuﬁalg@%u);{ualju}mwwujgﬁ&;FLQQW

ol ax s 5 oSe w

s P e e el g calies gl ST
* Liquid Pressure Recovery Factor, F, (predicts the amount of pressure recovery
that will occur between the Vena Contracta and valve outlet)

e Liquid Critical Pressure Ratio Factor, F-(multiplied by the vapor pressure, predicts
the theoretical Vena Contracta pressure at the maximum effective(choked)
pressure drop across the valve)

* Reynolds Number Factor, F; (is used to correct the calculated C, for non-turbulent
flow conditions) §°

* Piping Geometry Factor, F, (The effect of reducers and expanders can be
approximated by the use of this factor)

* Expansion Factor, Y (accounts for the variation of specific weight as the gas
passes from the valve inlet to the Vena Contracta and also for the change in
cross-sectional area of the Vena Contracta as the pressure drop is varied)

* Ratio of Specific Heats Factor, F, (adjusts the equation to account for different
behavior of gases other thanair) ™

* Terminal Pressure Drop Ratio, X, (is used to predict the choking point due to the
sonic velocity limitation across the Vena Contracta. It is a function of the valve
geometry and varies similarly to F, depending on the valve type)
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1/4

17,300) (1) (500)| (0.90)* (33.4)?
_(17.300) (1) (500)| (0902 @34p | .

' (0.014)/(0.90)(33.4)]  (890)(2)*

N/
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/ C 065
F.=1044- 358 —| (3.6b)
\ Cu /

Where: C = Laminar flow C,
1 / qu \.ZB

* e AR
\ S

s

(3.6¢)

/’

= Turbulent flow C_ (Equation 3.1)

Cvt
F. = streamline flow factor

0.48<Fr< 0.98 &l s Transition <J>= ¢l .cwlLaminar <= ;3 CV Os, 51 Cands gl 3.6C abasl,

:ﬁf@o;@l@b@\j\cv‘gwwdlﬁ4

C =

v

i / (3.6e)
Feiff B=P
i

For laminar and transitional flow, note the AP is always
takenas P, - P,.

P oS i lb 4 o
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rﬁ,)T@ Gy |, (3.6C aayl) rIJT 0L~ CV . Rev<40000and Fr<0.48 cx 5 V\JT O > &
Cv ( 3.6e4kl, ;| « Rev <40000 and 0.48 < Fr<0.98 o~ >4 Transition L Jlasl oL > 2 S,

rﬂ_)jT@ Ca..w.)u b

FP acslow
90> V",‘b; o bl ng S oilul Olea d GYAN Olesl r.;..( awl>=s |, Cv/d"2 4 d/D sl b
anloms FP Jlude ¢ 5 Jgd 93 5 bl g ol 5leslanal 5 b 5l e il 0 J ) Nominal o1l - D

:bj.ﬁs@C\Lp\ 0&|CV3J)AZUA

d/D=2/4=05andC, /d?=33.4/2>=8.35

Therefore according to| Table 3-Ill} the F is 0.97.

Step 9: Recalculate the final C :

/
/ 0.94
-

= — — =345
k o.97¢ 210
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Table 3-llI: Piping Geometry Factors for
Valves with Reducer and Increaser,

Table 3-1V: Piping Geometry Factors for
Increaser Only on Valve Outlet,

F, versus C /d* F versus C / d?
cld | d/D cld | d/D
| 050 | 060 0.70 ] 080 | 0.90 | 0.50 [ 0.60 [ 0.70 [ 0.80 | 0.90
|4 1099099 [1.00][1.00|1.00 4 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
6 0.98—L0.99 0.99 | 1.00 | 1.00 6 | 101 ]101]101]101[1.01
[ 8 | 097 | 098099099 | 1.00 | 8 [ 101 [102]1.02]1.02 [ 1.01 |
10 | 096 | 097 | 0.98]0.99 | 1.00 10 | 1.02 | 1.03 | 1.03 | 1.03 | 1.02
12 0.94 | 0.95 | 0.97 | 0.98 | 1.00 12 | 1.03 | 1.04 | 1.04 [ 1.04 | 1.03
14 0.92 | 0.94 | 0.96 | 0.98 | 0.99 14 | 1.04 [ 1.05 | 1.06 | 1.05 | 1.04 |
16 | 090 | 0.92 | 095|097 | 0.99 16 1.06 | 1.07 | 1.08 | 1.07 | 1.05
18 | 087 [ 0.90 | 0.94 | 0.97 | 0.99 18 1.08 | 1.10 | 1.11 [ 1.10 | 1.06
20 | 08508909209 | 099 20 110 [ 112 [ 112 [ 1.12 [ 1.08
25 | 079 | 084 | 0.89 | 094 [ 098 25 147 22 oal122 | 113
30 "hf?a | 079 [ 0.85 [ 0.91 | 0.97 | 30 | 127 [ 187 | 142 [ 137 | 1.20
35 1068|074 | 0.81|0.89 | 0.96 | 35 | 144 (165 | 1.79 | 1.65 | 1.32
40 1063069077086 | 095 40 175 [ 241 314 | 241 | 150 |
NOTE: The maximum effective pressure drop (AP Where:

choked) may be affected by the use of reducers and
increasers. This is especially true of Valdisk valves.
Contact factory for critical applications.

:&ﬁo:b@ji@&é;&-g@jb&%'f@wy 51 ft/Sec s50> 5 Cs oS

:mugwwjjgjﬁ Q&ﬁcTrim 4 Cv owﬁ‘J|QbU‘b|ﬁ|>[{QgL€JJJ

d = Valve port inside diameter in inches
D = Internal diameter of the piping in inches
(See Tables 3-VIl and 3-VIII)

0.321q

A

W

As a general rule, valve outlet velocities should be
limited to the following maximum values:

Liquids 50 feet per second
Gases Approaching Mach 1.0
Mixed Gases| 500 feet per second
and Liquids
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r O 5mliy 387 ozl O s 5 03,8 3l Slona 2> el Il s 9w (61250 sus a8 0358 0 abo>le
Trim Size = 3 Inches ., » 4 &5 o (o ool L THm o3ll s Sllaslla rsﬁTu‘ s ol
w2015 2
(FP awlms 5 5 /D and CV/A"2 e
adl sl o dgd b6 ST 23 ft/Sec b ool pl 9 * e e 3 INChes ¢ Trim Size 5 Olosl cpl b
cage Jolt ¢ JSC5 5 JU e Bl 51 o sumin THM sy Gd gl o8 D0l &5 Jlail S i
S Pl O gl 5S4
(64 0315] ot <dn) 334 4T s Cows Sl g Cv

L.’ S Sl OT cwd : ny S g5 osla! U‘)SL;‘ r-é Reduced Size uJJ:'{ o 5 S -’*-,;-,{L‘JB RIS

2X47 gm ABl o 515,0 Trim Size = 37

(008 5wty o (25 Gl)pnled (B ALk L dls,y e o2 Ko meln o

Pl o slr s Jlza

www. power pl ant ac. con


https://www.powerplantac.com/

LIGUIA consmsmnsmmsnismms s Ammonia
Critical Pressuie (P, ) ssuwmumnnnns 1638.2 psia
Temperature ...........ccocoeeeiieeiiieee e 202 F
Upsiream Pressure (P, ) ... mmresen 149.7 psia
Downstream Pressure (P,) .................... 64.7 psia
Spetific Gravity's.cnsmmnmmsasnsmng 0.65
Valve ACtiON ........cccoeensmmmsrsnmnessnnness Flow-to-close
LI SIZE scssemssnssignsns s 3-inch (Class 600)
FlowRateim....c.onmbmmnsmnminn 850 gpm
Vapor Pressure (P)........cccocoooieno. 45.6 psia
Kinematic Viscosity (V)............... 0.02 centistokes
FIoW:EharaGleristic .......c. o menmesmns Linear

U"‘ U"‘J"L"’ A M\):- Jy QL‘:‘J&- w(@‘ oJ}AS )jloJ u)l.’):- R J}:; JL.&.B ol Jl.)uuj‘ é,,al

yljhﬁal&lﬂmf@g&ﬁljjjwa|

45.6

F.=0.96 - 0.28 /
V' 1638.2

Insert F and F_ into Equation 3.3:

0.91

AP, (choked) = (0.85)2[149.7 - (0.91)(45.6)] = 78.2 ps

10 el 987 sy (6l

AP (cavitation) = F2 (P -P, )

Cwd o) QJMVAL}J|JL25 ol |

AP = 149.7 psia - 64.7 psia = 85 psid
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ool Jlzd Oollesl 5l 28 OT e &5 NP RCT (O sl 3187 oy (ol jlad Colist] asloen 1
floa OV PP =105 o S 55 1 il gl o 5 ot Jatoa OT Ol ) g 2

b oS s

. = 850 / 065

v

=77.5

Body eSS ¢600 g lis WIS 5 o5 JU > Slussas Osg Linear « «> g L Vendor Jyue 51 Ji-

r?.(@ub;:.:lc@‘3wx coJaT@.\gCV«g«q—jl.ngize

Step 5: Fromthe C_tables (Mark One, flow-over, linear,
Class 600) select the smallest body size fora C of 77.5,
which is a 3-inch body.
Fr:].’\."q:”ﬁjMw"’&l{‘ﬁ&ML{)WJKGAQWUJ‘-U)}:{JJJ»C&)A@‘JJ
Trim Size and Line Size =3 &l 4 4> 5 L r*fu" dslss CVIAM2 5 /D (L & 4> 5 L 1, Fp
Pl 55 OV Jluia g wotsgr U3 5 da 1) ) se Olod 5 5580 s, Fp g 31 oy « INChes

e 2 77.5 Olea CV e g sal g o

DSy .x.a|,>38ft/SeC JJJ}JJJW{J)TUA C,».w.b37 d.bbjl ‘J)-::“’J‘ 09.-3)5- N W

As a general rule, valve outlet velocities should be
limited to the following maximum values:

Liquids 50 feet per second

Gases Approaching Mach 1.0

Mixed Gases| 500 feet per second
and Liquids
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dgpdleectionMqmﬁgwlfl{m‘ﬁxiul‘g;p;;;dA)Ja)|x\;lrg|):6g4§\,Trim o 1]

Ol 38 Slla>le gl s Cage > 5 Trim o= Koy ol

505103, Gl 5 5e Jgar slme Sl s 08 9 35 Oppulty g8 Jlazl o2 L5 e 3 87 08 a5
ulmdjkbjlﬂf}>,¢u.:;um.<@b>‘wﬂjm:s,f,u;ﬁ;?mo;m&“b”:gwu
U""’:‘(’i"b rbu‘ b CaQEJTrIm wbﬁ&jdlﬂﬂ ub:’;,\ Lg‘ﬁ Sl 4r$2’mlb d)mt’.g‘jlf dy VA_)L’

~Z .
Bl e o psle 5 pSU Ll dias e iy 1) S St e 5 O gl 58

ol U5 5558 CV sioes Slawlows (s OT Style U 5 o511 slat) rAA e Trim &1 e
=
(a8 5 a5l (25 () eS (B b L dlos et o2 K5 (2 926l @

4SS
b o Sles b oy casls S cru\.b‘ ol 4 o5 Flashing Osls & =l & 05 5 o !0
S Gasls oo g dlw Sl L85 51 28T (g o 5ld ST 8 8l aylin cds (o Ol 4 75 Plug

s el 15

Koo Sl sl 43l O g3k Bl 5 00 gr o o2 b 1 ST Jloa ¢ Flashing ey 03508 )2 (5l

Al lads oS Sl LS ok bl o e
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Example One

Given:
LIgEid s mmmsmnsmnimssnamnsmnsmnins Water
Critical Pressure (P.) ......ccccooovevinne. 3206.2 psia
T EMPETAIIE s 250°F
Upstream Pressure (P,) ...................... 314.7 psia
Downstream Pressure (P,)................ 104.7 psia
Speeic Gravily uoawasasnnnmarnne 0.94
Valve ACHON.......... Lcosueaecunensansssunensas Flow-to-open
LINe:SiZ8ummnnnannsmy 4-inch (Class600)
Bl At e e s e e s s 500 gpm
ViEPOFRIESSUre (P) v iiiisnas 30 psia
Kinematic Viscosity (V) ............ 0.014 centistokes
Flow Characteristic ................. Equal Percentage

104.7psia L > > ,Lib < 134.5psialy coa

T s @

ﬁ)}T@w-b‘)XJ‘-LaﬁjoJ;W

h, = 321.8 Btu/lb at 350° F

(from saturation temperature tables)
h, = 302.3 Btu/lb at 105 psia
(from saturation pressure tables)

h,, = 886.4 Btu/lb at 105 psia
(from saturation pressure tables)

f

(321.8-302.3
= ) X 100% = 2.2%

\ 8864

www. power pl ant ac. c

Yo le.n.a LS‘J'E uTJbu d)-b;jl .ol 350°F cOwU—Jjjjlkwjbjxfs@)ﬁJJ LA)J?Susz

Jf‘)‘f CL.&‘ JL&& ‘C'iLG-"JL" 4> >

bk e (ol a3 ¥ ) ail o Sles slos 5o b by LLad 5l 5 only (s Skl Lz

Ol 5l e 1> Flashing

L 25 palis T by dgis Sl

AL flashing ws s Ols X
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h 'hfz \
X=| — } x 100% (3.10)

x = % of liquid mass flashed to vapor
h,, = Enthalpy of saturated liquid at inlet

temperature

h,, = Enthalpy of saturated liquid at outlet
pressure

h,, = Enthalpy of evaporation at outlet
pressure

= 20 g x_ X
A qk 100% | ‘= *100% Vsﬂ 2

Where:
V = Velocity, ft/sec
w = Liquid flow rate, Ib/hr
g = Liquid flow rate, gpm
A, = Valve outlet flow area, in?, seem

v, = Saturated liquid specific volume (ft¥/Ib at
outlet pressure)

v__ = Saturated vapor specific volume (ft¥Ib at
outlet pressure)

X = % of liquid mass flashed to vapor

Sl 5lsae ol &S 156 ft/Sec cils Bl ‘V'“'{ dsloen “5}-{’%‘ Ly e Jfl Visfuajb Jie @ dues
Olea L Hardened Trim).ﬁ,l.g Jors Olals 2l 5 ol Flashing Jl> & Ll ces 28" 500 ft/Sec

(oS 2aley il b K il 5 od o Trim
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i oS5 Ul <l Control Valve Sizing

A 1 Sl 65 o) Specific Gravity 0us (S« &7 s aalgs - ke Expansion Factor el o
lf.) (20 C}: 93 cobJ.{ lea.ﬂ Jls O gp ny gbULl U‘"L‘“‘JJ uﬂ‘fl*’ JET. V) @,ﬂ)f Slis u’i&l.{
..>J3TC-.A.3 Olg &

J..’Z:b @)f.-) Jb}ﬁ QJJJT Cowds d)‘ 4.[7-),4

variapies avananie:

w =63.3F,CY,/ xP,7, (3.11)

X (3.12)

Q=1360 F.CP,Y

w =193FCPY /XM, (3.13)
V T,Z

1

—
Q=7320F,CP,Y \/’M = (3.14)
1

w

Where:
w = Gas flow rate, Ib/hr
F. = Piping geometry factor
C, = Valve sizing coefficient
Y = Expansion factor
X = Pressure drop ratio
Y, = Specific weignt at iniet conditions, Ib/ft*
Q = Gas flow in standard ft*/hr (SCFH)
G, = Specific graviy ui gas relative to air at
standard conditions
T, = Absolute upstream temperature
°R = (°F + 460°)
Z = Compressibility factor
M,, = Molecular weight
P, = Upstream absolute pressure, psia

NOTE: The numerical constants in Equations 3.11-
3.14 are unit conversion factors.

r:f deloa |, 58
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Terminal Pressure » (cowsUb slas jlid o jlis Olesl os 5 Ratio of Specific Heats factor Olea U F

Drop Ratio or X:

k
B~ ==
1.40 (3.15)
Where:
F. = Ratio of specific heats factor

k = Ratio of specific heats (taken from
Table 3-VI).

2l el Choking o&ST Fic. X s e X Jlaia ST o

AP

X = —— (3.16)
P
Where:
x = Ratio of pressure drop to absolute inlet
pressure
AP = Pressure drop (P, - P,)
P, = Inlet pressure, psia

o
1

Outlet pressure, psia

J‘th.:éuﬁ Q))}T Cewdo lej" m&{ oslamul X Lgl:‘-‘u FkXt J‘Jlﬁ)‘ LS:’“%L: QJ«;ChOke C)J}.ﬂ JAA.(

:rz;{@os\.&.ulxjdjv\q-

Table 3-V: Pressure Drop Ratios, x,

Valve Type Flow Direction Trim Size X,
Globe Flow-to-close Full Area 0.70
Flow-to-close Reduced Area 0.70
Flow-to-open Full Area 0.75
Flow-to-open Reduced Area 0.75
High Performance 60° Open Full 0.36
Butterfly 90° Open Full 0.26
Multi-stage Under Seat All ~1.00
Ball 90° Open Full 0.30

:@JJT@ Cawds |, EXpansion Factor ..
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X
Y=1-=

(317}
3FkxT

NOTE: If the flow is choked, use F x. for x. o

sl Sk b sy (S5 e Ola L Z e

1.02 -
Tr=2.50 -
1.00 > /
NN A
0.96 NN i ]
g-g‘z‘ NORESRREL Tr=1.80 T
N 5
% 02 HINN
% 0.90 \\\\\\ \\
0.88 N
& 0.86 [T\ DN Tr=1.60 ,/
Tl TAVA N /
5 0.84 H N //,
g 082k NN Tr=1.50 LA A
™~ L1
2 080 o) /
€ 078
g HRELEE! IEEEEEY SN/
O 0.76 \ N Tr=1.40 %/ /
074 L\ A A
0.72 N /
1 y, My
g‘gg N Tr=1.30[ ¢
i N
066 Tr=1 20 \[ 1 Y= / Tr=1.20
064LL L1 111 Al ) A

|
0 1 2 3 4 5 6
Reduced Pressure, Pr s
Figure 3-5: Compressibility Factors for Gases

with Reduced Pressures from 0 to 6.

(Reproduced from charts of L.C. Nelson and E.F. Obert,
Northwestern Technological Institute)
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Pitzer Correlations for the Compressibility Factor:

et Sl glos 5 )L 51 (l cGilia DUl (gl (5o o 2 4T o0 OLES (g o Sltalite
g dalgt 5 S8 4" bl Sl gm0 o058 el pl g

S5 e L i 8 aglin G Sl Olan b iy (alS7 Lt 5 s s oSalSin el s
il el Ol ol 651l K 4 JTos) 56 s, 6@.& 5 Al Sl Gk

Wl e (335 T 0935 5 0528 08T O (slool Sl gy blite Sl (g 2l 55 618 Ogr
DUl 2Ll m s S (D S g gmn 250 02 585 2 08liin (g Fin O 58 Ol sl oy UL gl
(IS5 Sl S pas) 233 8 gl bl

(o 6B esls 5 03,8 Sio S e Jlw aw (gl OT e ¢ " (638 a0 5" Olen |, OMeEQA i i |
Jol i 8 aylin LS oaals SLss 5 bos 53 (s b OT ol 1 S iy S5l
43,5 15 oo " bl Sl (il ae g5 Sladie sl ol yled o

Sy e b oaals gles 5 ls o Saln sl ails SLS 65 0 2 b S UL ol
Sl 3101 K edToms] 56, 51 (Ko 5 el walps GLSy ady o515 s 35 ayli

(1 osls slgniny S sl 251 Kaa 5 Pitzer (BT |, Acentric Factor ).cils dual s

Theorem of Corresponding States

L1 [ e
R R 2 T 1 I f I I ] I |
1.0 O 7,=2.00 o
)
‘: e ¢ 0 818 5T
BN
0927 S
QAN @ )
NG 7,=150 &
A% A\ “Ne O T e “
08—  RAL N O™ .0 E0% T o & o -
* - * + o+ € he .
| 4 % D, L» T,=130 T
07 g R ¥ Ay ~"F0, g A
S S + Ao a® no 404 %]
ENES ki + - oe
& 06 ; ONg 7,=120 .c =3
3 N % a
' he o Sao ® s ! €
0.5 B A % oo 7
o P = < 2
04— o ceta o Legend =
c
e o + E{Twlllane @ i-Pentane
» o © Ethylenc © n-Heptane
03— 2 T,=100 7~ & Ethane & Nitrogen —
2, e © Propane © Carbon dioxide
A o n-Butane * Water ¥
oo A
02— o0 Average curve based on =1
data for hydrocarbons
5 O | B8 N8 8y S f BNER )Ny Sedeoly
o 0.5 10 15 20 %3 30 35 40 45 50 5.5 0 6.0 7.0

Reduced pressure, P,
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PVT Behavior of Fluids and the Theorem of Corresponding States

Acentric Factor
* To improve the accuracy of property predictions, Pitzer and
coworkers introduced the acentric factor ® as a third correlating
parameter

Z=2T.,P)+wZ"(T..P)

* The acentric factor was developed
as a measure of the difference in
structure between the material of
interest and a spherically symmetric Sl s oetosslon

gas such as argon 3 Ak & %o
. ® g (w=0.0)
» Therefore, the parameter is related % ™ :
= 0
to a molecular property fon >+

a0
(©=0.635)

* The parameter is defined using the

reduced vapor pressure i o, —
T.=07 & UT,=143
st E)
o=-log,F,, g -1

g

Two-parameter and three-parameter
theorems of corresponding states

*  Two-parameter theorem: all fluids, when compared at the same
reduced temperature and reduced pressure, have approximately the
same compressibility factor, and all deviate from ideal-gas behavior to
about the same degree. - p

* Define reduced temperature and reduced pressure: 7, = = )= ~

* Not really enough to describe the state, a third corresponding-states
parameter is required.

— The most popular such parameter is the acentric factor (K.S. Pitzer, 1995):

P

w=-1.0-log

7,=0.7

* Three-parameter theorem: all fluids having the same value of ®, when
compared at the same reduced temperature and reduced pressure, and
all deviate from ideal-gas behavior to about the same degree.

P IS Sl (b o 3 S

Olaghas a5 b doles Sl 51 S 5L sl o 1L, CV lade Fp=1 55 L ¢ ZFactor s 5l ax

.Véf@wbwcxiljéjdw
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g masl p Sk FP =L 550 1OV L sl gl o p b (ST e s sl Bl OUSL S

rfu‘ o lsesl Vendor

Table 3-llI: Piping Geometry Factors for Table 3-1V: Piping Geometry Factors for
Valves with Reducer and Increaser, Increaser Only on Valve Outlet,
F, versus C /d? F_versus C / d?
C,/a? d/D C.l & d/D
0.50 | 0.60 | 0.70 | 0.80 | 0.90 0.50 | 0.60 | 0.70 | 0.80 | 0.90
4 0.99 | 0.99 | 1.00 | 1.00 | 1.00 4 1.00 | 1.00 | 1.00 [ 1.00 | 1.00
6 0.98 | 0.99 | 0.99 | 1.00 | 1.00 6 1.1 101 | 164 [ 1.01 | 1.01
8 0.97 | 0.98 | 0.99 | 0.99 | 1.00 8 101 102 182 (102 | 1.01
10 0.96 | 0.97 | 0.98 | 0.99 | 1.00 10 1.020159503511008 | 1.03 | 1.02
12 094 | 0.95 | 0.97 | 0.98 | 1.00 12 1.03 | 1.04 | 1.04 | 1.04 | 1.03
14 0.92 | 0.94 | 0.96 | 0.98 | 0.99 14 1.04 | 1.05 | 1.06 | 1.05 | 1.04
16 0.90 | 0.92 | 0.95| 0.97 | 0.99 16 1.06 | 1.07 | 1.08 [ 1.07 | 1.05
18 0.87 | 0.90 | 0.94 | 0.97 | 0.99 18 1.08 | 1110 | -T5E0[ 100|106
20 0.85 | 0.89 | 0.92 | 0.96 | 0.99 20 110 | 112 | 1420 28 |08
25 0.79 | 0.84 | 0.89 | 0.94 | 0.98 25 147 | 1.22: | 1.24 {45228 8413
30 0.73 | 0.79 | 0.85 | 0.91 | 0.97 30 1.27 | 1.37 | 142 [¥8¢ |11.20
35 0.68 | 0.74 | 0.81 | 0.89 | 0.96 35 144 | 165 | 1.79 | 165 | 132
40 0.63 | 0.69 | 0.77 | 0.86 | 0.95 40 175 | 241 | 314 | 241 | 1.50
NOTE: The maximum effective pressure drop (AP Where:
choked) may be affected by the use of reducers and d = Valve port inside diameter in inches
increasers. This is especially true of Valdisk valves. D= Ir].emaLdjamel;er iping in inches
Contact factory for critical applications. (See|Tables 3-VII and|3-VIII)

.Viﬁf@ B s 1, Fp=l KT sl Sem9 5 5l A 9 )8 Reducer and Expander (Increaser) )fl 3

Increaser |, sExpander 553 5 Reducer code b g ,ais cla Fitting plod & Cwno > @

Asl o W Se s sla Reducer Ol s Expande/ Increaser élj 3 9 Cans Jgamn 5L
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Q

M(gas)= — ~a (3.20)
9574 A, [ KT
VM,
Q
] Lol KR
G
g
Oa
M (air)= —— (3.22)
1225 A, \/T
WV
M (steam) = ———— (3.23)
1514 A/ T

Where:
M = Mach number

Q_ = Actual flow rate, ft¥/hr
(CFH, not SCFH; see page 3-13)

= Applicable flow area, in?, of
body port (Table 3-VIII)

Absolute temperature®R, (°F + 460°)
= Mass flow rate, Ib/hr
= Specific volume at flow conditions, ft*Ib

= Specific gravity at standard conditions
relative to air

M, = Molecular weight
k = Ratio of specific heats

no< E-_‘ }
I}

.F|aShingdwwwﬁtgb.g.>|.>J|J§)B.\.A.Lll.g\)u;rlff%sf;}}ﬁﬁﬁ;r@\&%b,&gcﬁs
Joule-Thomson Effect @b kb b« ny 22 O3 e 1) (g sles (sl 5 Cen jasia sl

2 I3 A dian 2ol oa Noise Level dlus bl .ail

AR ARIE A NELAL A L A A

Caution: Noise levels in excess of 110 dBA may cause
vibration in valves/piping resulting in equipment damage.

VATrimSizeC:..ﬁ;é'ﬁCJLQLA)‘AJ’L?C,&).».A:-J)}ﬁjbrg);w&'lviggbwd.{r&g)&);

LQJL? 6‘)‘3 u.p_,..,.a;';gCZN.‘,.‘tNOiSE &W&Q;
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As a general rule, valve outlet velocities should be
limited to the following maximum values:

Liquids 50 feet per second

Gases Approaching Mach 1.0

Mixed Gases| 500 feet per second
and Liquids

?gJIJ;le&UImlﬁJW{w,ﬂ”,wmm;,\ib.ra 50 feet/Sec ,Las Jl>

oS5 b sl sl e

S 1 T IO I .~ Natural Gas
BRIV CTAtUNS) v amvmssamnmns e 657 F
Upstream Pressure (P,) .................... 1314.7 psia
Downstream Pressure (P,).................... 99.7 psia
FlE | e | (- 2,000,000 SCFH
BIARIE  ACHON rxcnvvvnssmmmemmansvi Flow-to-open
Critical Pressure (P) .......c..ccccocoo. 672.92 psia
CHgnl Temiperature (T ) .. a8 k........... 342.8°R
Molecular Weight (M) ..........cccccoeiinis 16.042
Ratio of Specific Heats (K) .........ccccccoeeeeennnnin. 1:31
Flow Characteristic .............ccccoeeeiiieeennnen. Linear
Line SiZe ......c.ccooeimeiimensoas Unknown (Class 600)

.(,55@4.,“1»\) Xy Fk o YN T il
V.;..{uﬁ oJLL’;»|3165315 b‘}))\VAijx Lgb.’)r.:,\};-@ JJJ,.J ‘th

1.31

F=1°1 - 0036
1.40
x= 18147-997 _ 599
1314.7

X =0.92 and Fx.X;=0.7
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:rg;f@ 4> |, EXpansion Factor J\- -rw:?u‘ B3 Sizing Sl ¢l o X gbw 1) Xt

y=1- 070 = 0.667
3(0.70)

il 35 2 12303 ] (Slas) oudlS jLid o s dbuly |, Z FaCtor do s opl s

1.02
Tr=2.50
1.00 a
N
0-98 KT~ Tr=2.00 1-LH
0.96 NN T 11
\ T
g N Tr=1.80 T
0.92 TN
0.90 AN
0.88 FEN
0.86 i\ <
0.84 /
0.82 - Tr=1.50 ¥
0.80 HH\ 5 i
0.78 AT/
076 \ Tr=1.40
0.74 A WA L /
0.72 - N ALY

\ /|
8 N Tr=1.30
0.68

066 1r=1.20 |- ] Tr=1.20
064LL1 1 11 7 A I
0 1 2 %) 4 6

Reduced Pressure, Pr 0175

Compressibility Factor, 2

Figure 3-5: Compressibility Factors for Gases
with Reduced Pressures from 0 to 6.

(Reproduced from charts of L.C. Nelson and E.F. Obert,
Northwestern Technological Institute)

Z=0.86

.ViMT@gM,\{I)Tszlu;,él),.g,.wlowrgljé()v 03,81 Conds byl 5 Ul

w&;coMWWCVL§|ﬁ49" 6qu»u{j|_|nearcﬂdgfuvwd‘jju(:vkj)bﬂ

W{@ ub-...a‘ Iy @‘ \,0 SR Ak o 1l
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a5 )3 g @,“f AV L FD Jlde ol oais oLl s Reducer Ll 51 Pipe Size « bl s

G_JJ"J-’rc*-(@“w“‘(_ub”ﬁfﬁj"wﬂ‘:’wﬁ_"w”6‘)’“*' Abbj‘w\.;{w;&f&:cv_)l-\.b

555 o SUPEr SONIC & gz Ol = Limes 5 55 dal g 31 =iy Mach Number ¢ J 8™ .5 5|

297,720*
M= ( ) =6.61

/
5574 (1.77) / (1.31)(65 + 460)
V 16.04

.NoiseOIMW’:\{wlxb;j)l:wTOﬁgcﬁ.cﬂUﬁﬁiﬁjﬁI,,,zTrim e

23 Flsae 5 s &S A8 ) g 03l L Trimor Body Size (S (o il o o iy Ul
o |)CV J‘J@E‘L@)QJ{ oj‘.U‘ Sgo 2 dl.g‘J?- CJ\;-JJ ch\.‘J.IaLJLAMJ.}yuAJva- @3)5-

1] O)JJTCAMJ\{ ‘JTrimSiZEJ 03; uL...}- b&fmck.»w,a CLA She d‘f ol s el e ol

297,720 CFH
0.5M= A, =16.3in
5574 A / 1.31 (65 + 460)
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Given:

Temperature
Upstream Pressure (P,)

Downstream Pressure (P,)

Flow Rate
Valve Action
Critical Pressure (P,,)
Critical Temperature (T )
Molecular Weight (M)

Ratio of Specific Heats (k)

Flow Characteristic
Line Size
Specific Volume

ﬁ&{‘jéupks‘jrjadbﬁ

..................... 50 psia
.............. 10,000 Ib/hr
............ Flow-to-open
.............. 3206.2 psia
.................... 70558 F
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1=

0.64
3(0.71)

= 0.70

: V’«Jb Compressibility Factor/Z Factor ! .
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140

P = =0.04
3208.2
+
- 450 +460 oo
705.5 + 460

Using Figure 3-4, Z is found to be 1.0

:V:‘{@WL’“&]-B Aol 5IFp=1 o 3L 1, CV s

10,000 /| (910)(1.0)

(19.3) (140) (0.70) v’/ (0.64) (18.02)

v

=47.0
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Step 9: The gas is steam, calculate the Mach number
using |Equation 3.23.\ Assume a constant enthalpy
process to find specific volume at downstream condi-
tions; from steam tables, v=10.41ft/Ib at T, = 414°F :

10,000) (10.41
M = ( Pl =0.74

1515 (3.14) M/ 414 + 460
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