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Valve Handbook : Philip. L. Skousen
Valve Handbook : R. W. Zappe
ISA International Standard

Some Valve Manufacturers Catalogue
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Cvis not calculated correctly - diminished performance

1. Cv is too small - valve will be undersized - process system
can be starved for fluid - higher back pressures :
a) damage in upstream pumps or other upstream equipment
b) higher pressure drop across the valve, which can lead to cavitation or

flashing
2. Cv is too high - oversized valve is selected > cost, size,

weight are major disadvantages

1Cv: 1_;U.S_.gaﬁon'liters) of 6

flows through a valve
drop.
1

* Sg : specific gravi
* AP :pressure drop
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Equal-Percentage Flow Characteristic —Y—Y—

Linear Flow Characteristic —¥'—Y

Quick-Open Flow Characteristic —f—
Determining Installed Flow Characteristics —&
Flow Characteristic Examples —

Choosing the Correct Flow Characteristic —
Rangeability —A—Y—\
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Determining Installed Flow Characteristics —8 —Y—1
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e equal-percentage characteristic =» moves toward linear
e linear characteristic =» moves toward quick-open

e quick-open characteristic = same before and after inst.
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Pump Diagram : P1=100 psi
P2=80opsi = AP =20psi
For Water Sg or Gf =1 1b/gal
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B- with Piping Effects oy
piping losses =o o TTT—

. - T
P out = 8o psi (5.5 bar) i
Q max = 200 gal/min (757 liters/min) ; -
AP(R) =16 psi e
Cv=7?
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A- without Piping Effects iy
piping losses =o - T—
P out = 8o psi (5.5 bar) ? H'\\
Q max = 200 gal/min (757 liters/min) ; 7
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Pump Diagram : P1=100 psi

P2 =80 psi = AP(total) = 20 psi

AP(valve) = AP(total) - AP(R) = 20-16= 4 psi
For Water Sg or Gf =1 1b/gal
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" Rangeability—A—¥—}
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V-notched ball valves (200:1)
Eccentric plug valves (100:1) ®
Globe valves (50:1) ®

butterfly valves (20:1) ®
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Shutoff Classifications —¥'—1
o Standard: ANSI/ FCI 70-2 : Six classifications of shutoff

ANSI Class 1

¢ does not require a test, while agreed between the
user and the valve manufacturer

¢ also known as dust tight and can refer to metal or
resilient seated valves

,/I

Shutoff Classifications —F—1

ANSI Class 11
® Leakage : 0.5% of full open valve capacity.
® Test medium: Air or water @ 50 to 125 °F (10—52° C)
® Test Pressure: 45 to 60 psig or max operating DP.

¢ Intended for double port or balanced single port valves with
a metal piston ring seal and metal to metal seats

Typical constructions:

® Low seat load: Balanced, single port, single graphite piston
ring, metal seat

® High seat load: Balanced, double port, metal seats

—————
— Shutoff Classifications —¥—1

ANSI Class 1T
® Leakage : 0.1% of full open valve capacity.
o Test medium: Air or water @ 50 to 125 °F.
® Test Pressure: 45 to 60 psig or max operating DP

¢ Intended for double port or balanced single port valves with
a metal piston ring seal and metal to metal seats

Typical constructions:
® low seat load: Balanced, double port, soft seats,

¢ medium seat load : Balanced, single port, single graphite
piston ring, lapped metal seats

- - /
e o ——— e
/

Shutoff Classifications —¥—1

ANSI Class IV
® Leakage : 0.01% of full open valve capacity.
o Test medium: Air or water @ 50 to 125 °F.
® Test Pressure: 45 to 60 psig or max operating DP
¢ Intended for single port and balanced single port valves with extra tight
piston seals and metal to-metal seats

Typical constructions:
¢ medium seat load: Balanced, single port, multiple graphite piston rings,
Teflon piston ring, lapped metal seats
¢ medium seat load: Unbalanced, single port, lapped metal seats
e ClassIV is also known as metal to metal

—————
— Shutoff Classifications —¥—1

ANSI Class V
® Leakage : 0.0005 cm3/min per inch of orifice diameter per psi differential
® Test medium: Water @ 50 to 125 °F.
o Test P: Max. service pressure drop across valve, not to exceed body rating

¢ Intended for single port and balanced single port valves with extra tight
piston seals and metal to-metal seats

Typical constructions:
® High seat load: Unbalanced, single port, lapped metal seats, soft metal seats
® Low seat load: Balanced, single port, Teflon piston rings, soft seats,

ANSIClassVI ___ = |
,/"“ﬁﬁ fluid is air or nitrogen @ 50 to 125 °F -
* Known as a soft seat classification.
¢ Intended for resilient seating valves.
Typical constructions:
® Low load: Unbalanced, single port, soft seats
Port Diameter Bubblesper mlper
inches illi minute minute
1 25 1 0.15
1172 38 2 0.30
2 51 3 0.45
Leakage 2172 64 4 0.60
3 76 6 0.90
4 102 11 1.70
6 152 27 4.00
8 203 45 6.75
10 254 63 9
12 305 81 115
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Bady End Connections—¥—1

donio ——F—1

Threaded End Connections —Y—f—\
Flanged End Connections —¥'—f—1
Welded End Connections —f—f—
Other End Connections —3—f—\
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Threaded End Connections —Y—¥—}
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Integral flanges, separable flanges ®

FF,RF,RTJ,... : (Facing) 8,1 ilizo £1g1 ©

———

-
Flat Face (FF)

® Jow-pressure applications

L]

® brass and cast-iron valves
© Face must be completely flat

o Large diameter gaskets

Medium-pressure app.

® 1.6 mm for Low pressure
® 6.4 mm for high pressure
® Serrated or Smooth finish
® Pressures up to 6000 psi

® temperatures up to 1500°F

® Soft and Spiral wound Gasket

| Ring=Type Joint (RTJ

® High-pressure app.

® Face: U-shaped groove

® Pressures up to 20000 psi
® temperatures up to 1500°F

® Soft metal Gasket

/"{/

L
s Welded End Connections —¥—¥—1
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environmental, safety, sanitary, efficiency
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|_Socket weld (SW)
gfl

® High pressure fluids

__ ) ® Hightemperature fluids
I__,F—_r—‘ ® 2inand smaller
® Pipe mate into the valve bore
® Dimension: ASME B16.11

® Welding STD: ASME B31.1 or
B31.3

—]

——— e
""" Other End Connections —A—¥—1

e Nonmetallic valves (plastic) = Male thread = External Nut
v vacuum service < O-ring

e PVC & CPVC =» male-female socket=» cement is used to fuse

the two pieces together

® heat fusion = outside heating source = fuse together

e clamp coupling <> fits into special grooves = allow to be
disassembled for cleaning

e Wafer Ends = Rotary Valve < thermal expansion or fire =
leakage = may feed the fire

,/ - —

Pressure Classes—3—1

dodio —1—0—1

Standard Classification —Y—8—1
Special Classification —¥—8—1
Limited Classification—f—§—1
ermediate Classification —8—8—)
Other —#—0—1\

Buttweld (BW)

® High pressure fluids

® Hightemperature fluids
® Largerthan 2 in

® Backingrings

® Dimension: ASME B16.25

® Welding STD: ASME B31.1,
B31.3,B31.8

B / - T

® Rating: valve is designed for certain range of internal

pressure
® |s not an exact working pressure

® higher pressure = thicker wall thickness
® Higher temperature = lower pressure

® pressure—temperature relationship : ANSI/ASME B16.34




® ANSI Class : ANSI / ASME B16.34
® Class 150, 300, 600, 900, 1500, 2500

e Ends: Threaded, flanged, socket weld, b

- B P
e
’/

Special Classification —¥'—4—1

® ANSI Class : ANSI / ASME B16.34
® Ends: Threaded, welded
® Special examination (NDT)

® Part8, ASME B16.34

o
— Limited Classification—¥—a—1

® ANSI Class : ANSI / ASME B16.34
® Ends: Threaded, welded

® Size:2 %" and smaller

® Threaded < Class 2500

® Socket Weld < Class 4500

® Appendix V, ASME B16.34
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Intermediate Classification —3—4—1

® ANSI Class : ANSI / ASME B16.34
® Ends: Threaded, welded
® Size:2 % “ and smaller

® Para6.1.4




® API Class = API 6D = 2000, 3000(3M), 5M, 10M, 20M
® ISO=> PN = 10, 20, 25, 40,50, 100, . ..
® Manufacturer:

WOG(Water, Qil, Gas)

WSP (Wet Steam Pressure)

/ -

Other —$—48—1

/ -

APl 6D —Y—F—)

® Gate

e Check

e Plug

e Ball

e Class : 150, 300, 600, 900, 1500, 2500
® Size: 2” to 36°

— ’,,//
L ASME B16.10 —{—5—1
® Gate Valve

® Globe Valve

® Check Valve

e Ball Valve

® Plug Valve

® Butterfly Valve

e Class : 150, 300, 600, 900, 1500, 2500

e Size: 4" to 36°

e ,,./
e e
/

BSI-¥—¥—1\

BS 558-1 (FE)
Gate, Butterfly, Plug, Diaphragm, Globe, Check, Control
Size : DN 2000
PN :6,10,16, 25, 40, 63, 100

BS 2080
Size : (1/4-42")
Class : (150 - 2500)
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Body Material Selection—Y—1
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e ANSI/ASME B16.34
e ASTM....

Metal Spring-Energized Rings —#—A—\

Spiral-Wound Gaskets —¥—A—1
Metal O-Ring Gaskets —f—A—1
Metal C-Ring Gaskets —8—A—1

Metal U-Ring Gaskets —Y—A—1
it 8 yhitiut —A—A—1
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Gasket Selection—A—1
dowio —1—A—1

Flat Gaskets —Y—A—1
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» Chlorotrifluoroethylene (CTFE)

» polytetrafluoroethylene (PTFE)

» Soft metals: aluminum, copper, silver, soft iron, lead, brass
» Nickel - 1400°F

» Monel - 1500°F

» Inconel 2 2000°F

/ -
i Spiral-Wound Gaskets —% —A—}
Cont 0 gliio 4o by 45 ©
Bungis Cansd @
3518 515 53 ;i b ¢ s S 3 o ©
o S pao JUSy @
asbestos, PTFE, graphite, mica, ceramic paper : jd ®
tolg g o

304, 315, 316, 347, or 321 stainless steels, carbon steel

Monel, nickel, Titanium, Alloy 20, Inconel, Hastelloy B,
Hastelloy C-276, phosphor bronze, copper, gold, Platinum

Types of Gasket

o Flat gaskets

e Spiral-wound gaskets

® Metal O-ring gaskets

® Metal C-ring gaskets

® Metal spring-energized gaskets

® Metal U-ring gaskets
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Metal O-Ring Gaskets —F —A—1
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i Metal C-Ring Gaskets — 8 —A—)
e self-energizing
® more expensive than most gaskets
® low seating loads and high spring-back
® used for low-vacuum or low-pressure systems
=

/{%“———ﬁm{//
i Metal U-Ring Gaskets —¥ —A—1
® Use where reliability is an important consideration
e For high-pressure (up to 12,000 psi)
® For high-temperature (up to 1600°F )

Metal Spring-Energized Rings —% —A—1
® Similar to metal C-ring gaskets
e include metal springs inside C-ring gaskets
® Expensive
e Application : when the service conditions vary widely

e allows the gasket to expand or contract during changes in
temperature or pressure, while maintaining the seal
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Packing Selection —3—}

doddo —\—4—

Packing Configurations —Y—4—1

Packing-Material Considerations —¥'—4—1
Polytetrafluoroethylene Packing —f—4—1

Asbestos and Asbestos-Free Packings —8—4—1
Graphite Packing —#—4—1

Perfluoroelastomer Packing —Y—4—1

Limits for Packing Temperature and Pressure —A—4—1
Packing Lubricants —3—4—

’/_:Qhkx -y

® Preformed packing : V-ring

® Square packing : square-shaped ring

® Braided packing : woven strands of elastomeric materials
® Packing for rotary valves & linear valves.

® Live loading = compensate packing consolidation= wear, cold

flow, plastic deformation, extrusion

— e — e
| aois —1—4—3

® Ideally: Max radial load = in middle of the packing set

® Soft packing materials < Max radial load <»for Ex. PTFE

® harder packing = maximum radial force < Near the Gland
® Stems are polished between 8 and 4 pin

® bonnet walls polished between 32 and 16 pin

e Small & such rotary valves=» misalign the stem=> leaking
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| """ Packing Configurations —Y—4—1

e standard and twin configurations
e V-shaped => excellent self-adjusting seal» Min stem friction
® Square = twin packing configuration =» lubrication
® Graphite = lubrication=> soft and pliable
® braided packing
¢ high-temperature = solid graphite are abrasive=» high stem friction
o twosolid rings= not adequately seal® braided complete the seal
® One braided ring=» bottom wiper=
e lantern ring
e leak to freely circulate
® Warner for lower packing leakage-> retightening the gland
o Lubrication the packing box
o Liquid packing injection
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Square packing
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vacuum service packing configuration
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fluid medium

® Ideal packing material

creates minimal stem friction

Holds a seal with very little material

withstands extrusion
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Packing-Material Considerations —"—4—1

e variety of valve applications=» wide range of temperature,
® graphite = good for high temp.=» but with high friction

operates within the temperature and pressure ranges

® backing ring: a close tolerance ring =» harder, less pliable
=> fit between packing ring , packing box wall , stem
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,/"ﬁly tetra fluoro ethylene Packing — ¥—3—1

® Virgin PTFE packing < common and inexpensive = V-ring
e Elasticity, V-ring <> little compression, long-lasting seal

® Smooth surfaces =& smooth stroking = min. break-out force
® Very little friction =» wear is not a concern

® Can be used in a number of general services

® Available in a braided packing

® Limited temperature range

® Thermal expansion=10 times of steel = weak in thermal cycling
=» packing loss, shorter life , extrusion < Live Loading

® Not suitable for nuclear valves < radiation deteriorate it quickly
® RPTFE: more rigidity = less elasticity =» greater sealing force
e Combine Virgin PTFE and RPTFE,

e e
Ashestos and Ashestos-Free Packings —8—%—)

o effective high-temperature packing with good sealability

® hook-shaped fibers 2 accumulate into the lungs =2

respiratory illnesses = asbestos-free packing (AFP)

® Substitutes : ceramic fiber for high-temperature

Graphite Packing —#—4—1

® Graphite(carbon-based packings): Good substitute for asbestos
® can be produced either in die-formed rings or braided rings
® Die-formed
® Graphite ribbon = wound and compressed in a die
¢ Density = 1440 to 1600 kg/m? (9o to 100 Ib/ft?)
e Formation pressure = less than gland (or service)compress
® Braided graphite
® winding small strands of graphite together
® Is quite pliable
e forms to the stem = min stem friction
® Anti-extrusion ring on both sides
® grab the stem = not transfer load to die-formed =» high friction, leakage
® Hastendency to break down when compression exceeds 4000 psi

density-compression stress
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Graphite Packing . ..

® Graphite advantages

Remains stable through wide range of thermal cycles (thermal expansion)

does not extrude during thermal cycling

does not lose a seal during thermal cycling

is fire-safe = excellent for chemical and petroleum refining industries

Good for nuclear service

used with a wide range of process fluids (except for strong oxidizers)
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[~ Graphite Packing . ..
® Graphite disadvantages

o when fully compressed= has a tendency to stick to the stem= jerky valve

motion = premature wear of Stem

Rotary valve stem contact face is constant with packing = faster wear

High compression = stem galling < packing damage <»leakage

Is fragile = can be broken easily by mishandling (over compression)

accurate torque wrench = preventing overcompress the packing

smallerdiameter stems = may misalign = create a leak path

Temperature and Pressure Limits for Packing —A—%—1

® packing material affected by fluid’s temp. and pressure

e temperature increase = softer packing = become more fluid

=> extrude out of the packing box
® High pressures also can cause extrusion
e combination of high temp. & pressure = accelerate extrusion

e extended bonnets < temperature limit is always higher

Perfluoro elastomer Packing —¥—4—1

® Recently developed packing
® PFE has a better temperature range than PTFE
® Resists chemical attack

® PFE’s only drawback is its cost =» very expensive

—
/4_9:——_\__%—;‘_”/
LR —
1 I =
e . L Dlwaf sz
o . B Gruidad T2
“ FTFE
. S ;
c o LRy
I v
E T
2
- I
=
Z o
111 1 1 11 1 11
R Ak =L Tk Wl LR

Prossurs (puigi
Extended bonnets (ANSI Classes 150, 300, and 600)

‘7//
e —— I
el
o]
P
b H-F
. . E .
M Clealiles
2 i < D] IT7C
Eoam K -
E “IFE -
| gl
a
20 L L Il L Il L L M|
1 o] 4 X 1 P 8 00 S
Pruszure dpesigh
Standard bonnets
‘,//
B B
-
L] -
E
= 7 el lleas
- Sk FlE
o e e =
. .
2 a3
5
k
i -— sy
: el
2 o =
a
P PR 1 1
120 BIo 402 o | [ae 1] Fomei ] A S0
Prasaurs fpakl]
Extended bonnets (ANSI Classes 900, 1500 and 2500)




Y4

/m{//
i Packing Lubricants —1—4—}

® Packing box = lantern ring = injection of lubricant <
minimize stem friction
® Effective lubricants
o reduces stem friction without increasing the packing box leakage
o lubricant should not react with the process fluid
o lubricant should not attract dirt or other particulate matter
© must maintain its characteristics during severe temperatures
® silicone grease

 temperatures up to 500°F (260°C)

e e
Packing Lubiricants . ..

® Lubrication limitations
® not recommended for oxygen service

® not recommended for flammable services = petroleum based

lubricant could react with the fluid
 In high compression = injection of lubricant may be difficult

e if injection not impossible =»packing box need to disassemble
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Packing Lubricants. ..

® silicone grease
® temperatures up to 500°F (260°C)
® may oxidize at temperatures higher than 500°F
® Turning the screw on the lubricator , forces the lubricant
into the packing box
® Graphite = easily absorb lubricant =» pliable = improving
the sealability
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. Flow Capacity

] Actual Pressure Drop

. Choked Pressure Drop

e  Allowable Pressure Drop

. Cavitation Incipient and Advanced

. Flashing Issues

. Liquid Pressure-Recovery Factor

. Liquid Critical-Pressure Ratio Factor
. Choked Flow

*  Velocity
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Valve Sizing

The Importance of Correct Valve Sizing ———V
Valve-Sizing Criteria for Manual Valves —Y—\—¥
Valve-Sizing Criteria for Check Valves —¥'—\—¥

Valve-Sizing Criteria for Throttling Valves —f—{—¥

dowio —1—Y
Valve-Sizing Nomenclature —Y—¥
Body Sizing of Liquid-Service Control Valves —¥—Y

Control Valves Body Sizing of Gas-Service —f—

e TE T rErr—is cmm

® valve sizing is based on the standard thermodynamic laws
® these laws is affected by :
» function of the valve
» Type of service

» severity of service

sizing = throttling valves

On/off valve:

sized smaller = flow will be restricted = pressure drop = less flow

sized larger = expensive costs (valve, piping)

e P e e

throttling valve :

sized smaller & maximum flow will be limited=» inhibit the

function of system

sized larger = expensive costs (valve, piping) & entire flow passes in

first half of stroke

Because of safety factors = throttling valves are oversized

Valve-Sizing Criteria for Manual Valves —Y.—{=Y
,/ =
® Valve basic function : pass full flow while the valve is open
® valve size = size of piping = which sized by system engineer
® Manufacturers = sizing charts = Q for min , max valve size

® Usually : manual-valve sizing = full bore or reduced bore

Check : valve for full flow or to take a slight pressure drop ?

e full bore:

services with Slurries

v

v

services with particulates

v

Passing pig

v

For high velocities

v

Low erosion




® Reduced bore :
» services without Slurries & contaminant
» no pigability
» For low velocity services

® manual-valvesizing :

» Max, Min temperatures  (T)
» Max, Min pressures (P)
» Max, Min Flow rates Q)
» Max, Min Specific volume (p)

* sufficient pressure drop

* Min. flow exist for open

* Example : pump fails
* Low pressure drop (<1 psi) = Disk will float back and forth
=> wear of moving parts = short life of the valve

* Higher pressure drop (>10 psi) = erosion of Disk

* Cracking pressure :

* min. pressure required to open the check valve

isa fixed number depending on style & size of the check valve

canvary from o.1to 0.5 psi

Is a little concern unless the pressures is low or P. drop is less than 1 psi

Is important if the valve is installed in a vertical line

Smaller lines have higher cracking pressures than larger

 check valves are sized for minimum flow

/,ﬁk__;/

¢ Ifvalve for min. flow < Pipe size < reducers use with valve

* High flow rates = increase frequency of vortices and currents

=> increase the pressure drop , valve wear
¢ Insufficient flow = cause the valve to FLUTTER
* Flow must overcome :
gravity, weight of Disk, spring force, line orientation
* the maximum liquid flow velocity = 3.4 m/s
* The minimum liquid flow velocity = 1.8 to 2.1 m/s

 some designs (such as double-disk) velocity = 0.9 m/s

* For wide range of flow: check valves are sized for min. flow
* manufacturer’s sizing charts =» for the min. flow = if valve size
equivalent to or greater than pipeline size = pipeline size should

be used
* Example :
Manu. Chart >Min Flow - Valve Size=4" , Pipe Size=3" - Valve size=3

* oversize check valve < more expensive = more cost of project

/'f—i\——-ﬁk"‘

@ size of the valve body

® body style

® Material = can accommodate process conditions
® correct pressure rating

® Proper installed flow characteristic

o Standard for flow capacity : ANSI/ISA S75.01




® For correct sizing, following conditions are needed
e Upstream pressure
® Max. And min. Temperatures
® Type of process fluid
® Max. Flow rate
® Average flow rate
® Min. Flow rate
® Vapor pressure
® Pipeline size, schedule, and material
® Max., Average, and min. Pressure drop
® Specific gravity of the fluid

e Critical pressure

k WEW

© Upstream pressure : The pressure reading before the valve
* Downstream pressure : The pressure reading taken after the valve

¢ Upstream pressure = Downstream pressure

=

PF—" FiowCapaamy—T—7—¢

Cv

® The most commonly applied sizing coefficient

® One US. gallon of 60°F water that flows through a valve with
1.0 psi of pressure drop.

® When calculated properly = determines the correct trim size

&

) -
v yar
- = required (kow couflickent for the valve
) = Fhsiy fin gal frmang

L] spectfic gravity of the fluid

AP = pressure drop (psi)

-Sizing Nomenclature —

Pressures Upstream and Downstream —\—Y—¥
Pressure Drop —Y—Y-¥

Flow Capacity—¥—Y-¥

Actual Pressure Drop —f—Y—¥

Choked Pressure Drop —8—Y—¥

Allowable Pressure Drop —#—Y—¥

Incipient and Advanced Cavitation —Y—Y—¥
Flashing Issues —A—Y—¥

Liquid Pressure-Recovery Factor—4—Y—¥'
Liquid Critical-Pressure Ratio Factor —\+—Y—¥
Choked Flow —\\—Y—-¥

Velocity—{Y-Y-¥

Reynolds-Number Factor—{¥—Y—¥
Piping-Geometry Factor—\f—Y-¥

Expansion Factor—\8—Y-¥

Ratio of Specific Heats Factor—#—Y—¥
Terminal Pressure-Drop Ratio—\Y—Y—¥
Compressibility Factor—\A—Y—¥

Pressure Drop —Y—Y—Y

® Pressure drop (or the pressure differential) :

Difference between the upstream and downstream pressures

==
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e Difference between the inlet and outlet the valve

e Ifactual pressuredrop < choked pressure drops = actual
pressure drop is used in Cv equation
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“Choked'Pressure Drop =A-=#="

® Pressuredrop is increased = flow should increase
® At choked flow: further increases in the pressure drop =2
will not change the valve’s flow rate

® In choked condition
e Liquids: flow rate will reach a max. with existence of Cavitation

® Gases: sonic velocity

frm— Cv = Const g =+EF
[ar D wp=pi-;mz 3
u-‘;; P11 = Const Pr.=gt
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’/ﬁcipient and Advanced Cavitation —Y—Y—Y’

® Liquid service = in narrowest point = velocity increase <
pressure decreases = If P < P vapor = vapor bubbles forms <
in larger area = pressure increases = vapor bubbles collapse

® This two step-process called Cavitation

® erosion of metal surfaces

e incipient Cavitation : point where vapor bubbles begin to form

® advanced Cavitation : where Cavitation is at its max. level

® Inadvanced Cavitation, the flow is choked and cannot increase
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Choked Pressure Drop —d—Y—Y

e theoretical point of choked flow :

® intersecting the linear lines of the Cv and the max. flow rate (Qmax).
® Point of intersection = liquid pressure-recovery factor (FL)
® For liquids, FL can lead to calculating AP choked
® For gases, X1 is used to describe the AP choked

® STD : ANSI/ISA S75.01

P — Sl i —

APa
© smaller of the actual pressure drop or the choked pressure drop
* Lead to determination of the correct Cv
* Liquid =» calculating ¢v =» APa should be checked :
« ifthe inlet pressure P1is fairly close to the vapor pressure

¢ if the outlet pressure P2 is fairly close to the vapor pressure

« if the actual pressure drop is fairly large when compared to P1

*APa should be compare with the actual pressure drop

e ——

’/ﬁcipient and Advanced Cavitation —Y—Y—Y’

® and affects the flow capacity & function of the valve
® The point where advanced Cavitation occurs can be predicted

® AP must be determined, using the liquid Cavitation factor Fi
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Distance along flow
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* P2 does not recover above the vapor pressure = vapor bubbles

remain in the fluid < creating a mixture of liquid and gas

* Problems :
 highervelocities

 erosion of valve components

“liquid Pressure Recovery Factor 4=+

e

e critical element in liquid sizing

e Predicts the effect the geometry of a valve’s body on max. capacity

® Predict pressure recovery , between vena contracta & body outlet

® Canvary depending on the internal design of the valve

® Rotary valves, allow for a high recovery of the fluid following the
vena contracta

® Especially ball and butterfly valves

® Globe valves have better FL

® Globe valves: able to handle severe services when compared to

rotary valves
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Fr

® is important to liquid sizing

® Orin the choked pressure drop

o Fa

=
=

e it predicts the theoretical pressure at the vena contracta

® When the max. pressure drop occurs across the valve
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[ e In liquid services, Cavitation or flashing = expands the
specific volume
® Volume increases at a faster rate than the flow increased (due
to the pressure differential)
® Then ,valve cannot pass any additional flow, even in lower P2
e For Gas & Vapor services, choked flow occurs when the

velocity achieves sonic levels (Mach 1 or greater)

® Occurs at any point in the valve body or downstream piping

-
- ——— e
= Choked Flow —\\—Y—Y¥

s
* Massand energy LAW : F + ;p?‘ + pgh = Const
if pressure decreases in the valve, velocity increases inversely

o If pressure lowers=> specific volume of the fluid increases =

sonic velocity is achieved
* velocity limitation : Mach 1 for gases and 12.7 m/s for liquids

¢ Thus, flow rate is limited for sonic velocity through the vena

contracta or downstream piping

Velocity —|¥—¥=¥"
P el
\%

 smaller valve sizes are better equipped to handle higher
velocities than larger-sized

© Butactual size , vary according to the valve style

* Forliquid services, max. velocity at the valve outlet is 12.7 m/s

* gasservices velocity are generally restricted to Mach 1.0

¢ In Cavitation or flashing = higher velocity associated with the

liquid-gas mixture =» max. velocity restricted to 127 m/s

=" Veioclty—11—Y—¥
* Exceptions for liquids :
* If temperatures are close to saturation point : V < 7.6 m/s

 Valve with full flow rate with min. P Drop : V <7.6 m/s

© Valve with P Drop falls below the vapor P, advanced cavitation : V < 7.6 m/s

Wﬂ;ﬁﬁ
i

® Non-turbulent flow = Laminar flow (Oils) = High
viscosity , Lower velocities , Low flow capacity
® Fris used to correct the Cv equation for these flow

o if the viscosity is fairly low = Fr is insignificant

F» - Piping-Geometry Factor =IF=¥=F"

* Cv_=> affected by nonstandard piping configurations

* Example : use of increasers or reducers

* Cvmust be corrected , using the Fr

 Cvtesting : with straight piping , line & valve size are Same

* use of larger or smaller piping size & proximity of elbows =

can decrease these Cv = must be considered during sizing
X
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 —Expansion Factor —1A=¥=¥"|
/

Y

® gasservice :
* Flow moves from the upstream to the vena contracta
e the specific weight of the fluid varies
© Yis used to compensate this effects

* Y is important for :

© Takes into account the changes in the cross-sectional area of the vena

contracta

© And the pressure drop changes in that region

/mw%a@mm
[ Xr

® gasservice :

® Valve choked point = predicted by X

e Similar in many respects to the FL

e Xris affected by :
® Geometry of the valve’s body
® Varies according to valve style

® Valvesize

ation—-Y-¥-¥

deul ation —A-Y-Y

=
" Ratio of Specific Heats Factor =)$=¥= |
g

K

© Cvequation for gases is based upon air = some adjustment

must be made for other gases

© Fkis used to adjust the Cv eq

i

® Gas services :
® Are Compressible
® Change in temp. & pressure = densityvaries = Z takes into

account the compressibility in Cv equation

Basic Liquid Sizing Equation —\—Y'—¥

e formost liquid applications = using actual pressure drop
¢ For non-laminar liquids :

N
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whese walve-miging covficiens
F, = piping g ebrd Fusction
Q = fkw rale |gal
5 = spwcific gravity [al flowing leovperature)

AP = albowalshe prossune drop acriss B valve (pei)




Step By Step
Calculating The Cv

T
Choked Flow, Cavitati Flashing Determi_@M

- a) The choked flow point
AP

ke

= E)

when AR = choked p

“wl trmnperature

F, = 0. — 018

P = critizal pressune of B lgwd peia)

If APchokea < AP =» APa = APchokea in the Cv Equation

Ugud LTRkznl Pressurs
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Common Process Fluids
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| —Actual-Pressure-Drop ﬁm

® AP 3 Before determining the allowable pressure drop

e AP=Pi-P2

“Fi 2 is usually provided'by:the manufagq_@/

o3 Valve Style | Flow Direction Trim Area F,

Linaer glaba Cher saal Full area 065
Over zaal Reduced ama | 08D
Uredar saat Full araa .80
Urder soat Reduced srea | D.80

Baittarily B apan Full aras .76
50 opan Full araa 0.56
Beall B opan Ful ares 0.73
B0° npen Full an .65
it ourrrad Voo Inkramsas’

b Al wlies provdded ane full-open

==
b) The C z wom—— g
AP e ™ FOP = PL)S
advanced cavitation = Tiguid cavitabion facten
Valva Style Flowr Trim Sres F,
Directian
Lingar globa Cluee seal Full area n.vs

Chwgr soit Feacliicysd arsa 72
Under saat Full araa 481

Under ssat Reduced arsa | 081

BEuttarfly E0F open Full araa .65
£0° opan Full araa 040

Bzl S0 open Full ares Q.65
207 cpen Full area O.dd




Specific-Gravity Déterminatio! —f=r=y
/S/ B ven:
g

®  Operating temperature =» Reference table

Approximate Body'Size Selection  — =YY
manufacturer’s Cv tables = smallest-sized body near the

calculated Cv
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Mximate-Fch’ﬁ—f
®  Determining the calculated Cv
® Assumption: Fr=10

®  highviscosity, low velocity, or low flow = Frcan be ignored

/Reynolds- ber-Factor Calculation—Y~¥- —

e valve Reynolds number

/Reynolds- ber-Factor Calculation—Y~- —

* Reynolds-number factor Fr

0 UsuallyRev = 40,000 & FR = 1.0

O IfRev < 40,000 3 #, — T4 — 0358 —= |
&
. O s Epor, 02 (D167
L ¥ = -
F.\ NP | o= Fm| e 1)
ihe 16 isod fram fhe Liquid C oqua
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Valve Recovery Coefficient and Incipient Cavitation Factors
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Pipi try-Factor CalculatM
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T
Fe. For Valves with Reducers and'Increasers ODM
= Gvf d! d ;n
LD | oED | OF0 | oB0 | DA
4 1.00 [ .00 [ 00§ 100 | 100
G 1.01 1.01 -1 )1 1.0
B 107 [ 192 [ 02 f1.02 | 1.01
16 1.02 [ 103 | 03§ 103 | 1.02
12 103 | 104 | ‘04 104 1.04
14 104 [ 105 | ~0G 106 | 1.04
-] 106 | 1 | 081407 | 1.05
18 108 [ 440 [ * A1) 190 | 1.06
0 1.0 117 A2 12 1.0R
a5 117 1.27 1A 1R 1.13
27 | 137 [ 182 | 137 | 120 |
a8 144 [ 185 [ 1.79 ) 165 | 1.32
E¥) 175 [ 241 | 314 | 249 | 1.5D

,,—MMM
//

1 T 0T
o If FrR < 0.48 < Flow is laminar 2 Cv=Cvs « [ i
£\ NaAP
® If FrR >0.98 < Flow is turbulent < Assuming Fr=1.0 2
1
Fr=1.0 9 1, = Ii [
e N AR,

® 1f0.48 < Fr < 0.98 <> flow is in Transitional Stage <
& "'u-
oy ar
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- Final-Flow-Coefficient Calculation —{+—¥—¥

o After Fpis determined = it should be applied to the liquid
Cv equation (Sec. 1-3-3)

The final Cv calculated

.
= it-Velocity CaIcuIa@M

® Velocities in liquids generally < 50 ft/s (15.2 m/s)
It may vary according to the size of the valve
® Smaller valves can handle higher velocities
e the exit velocities from the valve =2

132100

I = vk iy a]
Ay = T area af valie body pom isqoang rches)

® If V>acceptable velocity = larger valve size = for Low erosion

* Iflarger size chosen = Frwill change = New Cv must calculate

) it-Velocity Calculation —\%
| Valve Exit-Veloc

i
Velocity in the pipe: Vp =VvAv/Ar
Ve :velocity in pipe,

Av: valve outlet area.

Vv : velocity in valve outlet,

Ap: pipe area.
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e Trim-Size Selection —
- ———— e
’/

¢ Manufacturers = provide tables 9 including :

® Flow coefficient - Cv

o flow direction

® body pressure rating

o flow characteristic

o size of the valve seat

® length of stroke

o percentages of opening
e Using this table = correct size of the seat , should be chosen
® Trim number = can provide this options

® valve may have reduced-area or full-area trim numbers
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Smaller trim numbers

<

Smaller diameter

¥

Smaller Cv

¥

Smaller Body size

T
o ing-Velocity CalculatiM
’/ =

® Velocity for mass flow rate (w) :

(ARSI
-I,

A« s A
w |I 1 - T Fog t . L _.1|

® Velocity for volume flow rate (Q) :

i x v
= + —_—
2 THIE 52

o

B forkat (T L
v, wikd apacitic voliimes (0 S1h ok owtlet priessinm
¥~ srurnsd vapor spocillc v ok e S g oudel pressure

A
1= parovmdage of Tguid @i Mashed w0 vapon (el 7314

s ing-Velocity CalculatM

® In flashing = liquid-gas mixture , in downstream =
increased velocity = difficult control situations
® Valve damage & wear = special trims or hardened materials

o Flashing applications velocity < 500 ft/s (152 m/s)

Pe Flashing CaIcuIatM
//

e percentage of the liquid = flashing into gas
o Users should have access to steam tables = Listing of

enthalpies and specific volumes

[ 4 : 'I'..l!
L}
I'_l'.‘____

=iy, = enthalpy of saturated Hguid at inled bemperature
h = enthalpy of saturated |sguid at outhet pavssine
X enthalpy of evaporation at cuthet pressure

= 00

.
——— —Liquid Sizing Examples —
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é Basic Gas Sizing Equations —\—f-¥
Choked-Flow Determination —Y—f—¥
Expansion-Factor Calculation —¥—f—¥
Compressibility-Factor Determination —f—f-¥
Flow-Coefficient Calculation —3—f-¥
Approximate Body-Size Selection —#—f-¥
Piping-Geometry-Factor Calculation—Y—f-¥
Final-Flow-Coefficient Calculation —A—f—¥
Valve Exit Mach-Number Calculation —4—f-¥
Trim-Size Selection —\+—f—¥

Gas Sizing Examples —{\—f-¥
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o difference between Liquid ;-Gas. sizing#e
o, oy
® Compressibility :
0 Gas tends to expand
0 When pressure drop occurs ;
Q Invena contracta of the valve
Q It lowers the specific weight of Gas
Q Correction factor : expansion factor
® Depending on the given service

equations is used :
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¥, bt at ket mervice conditions (/e
) = gas llow j=cth)
G = specific gravity of gds relinive mae an standard coreliflons

T 1 g

[ Xr: Terminal pressure-drop ratio (Tables)

= -Flow DeterminatiM

Fi : Ratio of specific heats factor :
K : Ratio of specific heats (Tables) "y
"
1
k LYER e

J-h—m x= P

if X < FxXt =» choked flow is not occurring

if X = FX1 = the flow is choked = let X = FxXr=» Equation

~ Xc:_terminal pressure-drop ratio _//

| valve Style Fllew Direction Trim Area L
Linear globe Ower eaat Full arsa 2.7

e sk Racucad area | G0

LInder agat Full arze Q.75

Linder seat Raducad arma | 073

Bustarhy AU oipsan Full aroa 0.5

K open Full arsa 0.26

Ball ACe nipmen Full area 051

00F ojn Full arza L)

Physical Data for Common Gas Services /
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® Because of the compressibility of gases =
Y must be determine and use in equation

e For choked flow Y=2/3 (?)




Yo

Compressibility-Factor Determination —f—f—Y"
74
Pr, Tr =» Diagram = Z

Pr : reduced pressure = P1/Pc

Tr : reduced temperature = T1/Tc

=
Compressibility factors, reduced pressures 0 to 40.
e
/

Campresaibiity Fachar, 2

] B it is F2i] 25 an &35 40
Reduced Pressure, Pr

e
Approxi Body-Size Select_iM
® manufacturer’s Cv tables = smallest sized body related to

Calculate preliminary Cv

Compressibility factors, reduced pressures 0 to %

nss r,-.:'k?\:-_ : '--—:’ /
[ -
Iy E
; -

Comprassibilly Faotor T

Tt
T

= a 1
Arduced Prassure, Pr

o~ -Coefficient CalculatM

[~ ® In this point = preliminary Cv = calculate by above Equations

® Assumption : Fp=1.0

Piping- -Factor CalculaM

pipeline size not determined =» use size in sec. 6-4-3

Fp > Tables in Sec. 9-3-3
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Final-Flow-Coefficient Calculation —A—=f=Y
~ e WithFr & one of 4 Equations = calculate final Cv

® Usually , final Cv will be close to preliminary Cv

Valve Exit Mach-Number Calculation —4—~f=¥
® (v, Sizeare known = the exit velocity must be calculate (in Mach)

® velocities in gas services :

% e
® veloeities for Air services
[
M —
ai 254,07
= gt wolume flew cate il
A, = applizable Bow i of bedy g

® velocities for STEAM:

wialilioes 1Sy

If exit velocity > Mach-o.5 >turbulent flow = vibration , noise
If velocity exceeds the Mach-o.5 =» larger valve body will need

If noise is occurring , anti-noise trim is used = V < Mach 0.33

Trim-Size Selection —s—~f=Y"

P P
® Manufacturers tables :
® manufacturers provide tables

flow direction .=

-
1

body-pressure rating

Flow characteristic U Jf
f"‘f"

size of the valve seat (full or reduced)

»5..3

length of stroke ACGULAR  FULL BORE

percentages of opening
® Depending on valve style < trim number =» predetermined

flow area obtain = flow will calc. According to the Cv max.

—_Gas Sizing Examples —1)—=F=¥
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