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رخواهیفرزاد خ: مدرس 

پیشرو صنعت آمال پیشرو صنعت آمال 
ریک شیمعیارهاي انتخاب : فصل اول 
پرمصرف يرهایساختار ش یشرح کل: فصل دوم 
سایزینگ شیرها: فصل سوم 

ر  یک نوع شیانتخاب  يبرا یمثال: فصل چهارم 

Valve Handbook : Philip. L. Skousen

Valve Handbook : R. W. Zappe

ISA International Standard

Some Valve Manufacturers Catalogue

موثر در يپارامترها
ریک شیانتخاب  

1-1-Valve Coefficients 
1-2-Flow Characteristics 
1-3-Shutoff Classifications 
1-4-Body End Connections 
1-5-Pressure Classes 
1-6-Face-to-Face Criteria 
1-7- Body Material Selection 
1-8- Gasket Selection
1-9- Packing Selection
سایر پارامترها  -1-10

مقدمه - 1-1-1
1-1-2 - Cv
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Cv is not calculated correctly à diminished performance

1. Cv is too small à valve will be undersized à process system 

can be starved for fluid à 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 à oversized valve is selected àcost, size, 

weight are major disadvantages 

:        تعریف    
1 Cv : 1 U.S. gallon (3.8 liters) of 60°F(16°C) water that 
flows through a valve with 1.0 psi (0.07 bar) of pressure 
drop.

� Cv : required f low coefficient for the valve
� Q  : flow rate (in gal/min)
� Sg : specific gravity of the fluid
� ∆P  : pressure drop (psi)

مقدمه -1- 1-2
1-2 -2 - Characteristic Equal-Percentage Flow
1-2 -3- Linear Flow Characteristic
1-2 -4- Quick-Open Flow Characteristic
1-2 -5-   Characteristics  Determining Installed Flow
1-2 -6- Flow Characteristic Examples
1-2 -7- Characteristic Choosing the Correct Flow
 1-2-8- Rangeability

(Throttling Valve)شیرهاي با قابلیت تنظیم جریان 

و میزان باز شدن شیر Cvرابطه میان 
از یکدیگر تاثیر می پذیرند Cvافت فشار ، دبی جریان و 

درصد مساوي  (Valve Travel)در مقادیر مساوي تغییرات حرکت دیسک �
را خواهیم داشت Cvاز 
.در مقایسه با انوع دیگر بیشتر مورد استفاده قرار می گیرد�
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درصد باز شدن شیر با درصد جریان عبوري برابر است ؛ بدون درنظر گرفتن �
میزان باز بودن شیر

فرایندهایی که بیشتر افت فشار خط در شیر اتفاق بیفتد: کاربرد�

با اندك باز شدن شیر تقریبا بیشتر دبی را از خود عبور می دهد�
کردن سرویسهایی که دبی زیادي را در مدت زمان کوتاه از  on/off: کاربرد�

خود عبور می دهند
خواص جریان آنها بصورت جدا و یا در خط لوله با هم برابر است�

خواص جریان شیر پس از نصب آن در سرویس تغییر میکند�
� equal-percentage characteristic èmoves toward linear

� linear characteristic   è moves  toward quick-open

� quick-open characteristic è same before and after inst. 
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A- without Piping Effects
piping losses =0
P out = 80 psi (5.5 bar)
Q max = 200 gal/min (757 liters/min)
Cv = ?

Pump Diagram : P1= 100 psi
P2 = 80 psi  è ΔP = 20 psi
For Water  Sg  or Gf =1  lb/gal

B- with Piping Effects
piping losses =0
P out = 80 psi (5.5 bar)
Q max = 200 gal/min (757 liters/min)
ΔP(R) = 16 psi
Cv = ?

Pump Diagram : P1= 100 psi
P2 = 80 psi  è ΔP(total) = 20 psi
ΔP(valve) = ΔP(total) - ΔP(R) = 20-16= 4 psi
For Water  Sg  or Gf =1  lb/gal
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200

، باید از انواع        (throttling)درصورت بکارگیري شیر براي کنترل جریان�
linear  یاequal-percentage   بهره گرفت

  linearاگر بیشتر افت فشار در شیر حادث شود و فشار بالادست ثابت باشد،  �
گزینه بهتر میباشد  

اگر پایپینگ و تجهیزات پایین دستی مقاومت قابل توجهی در مقابل جریان  �
انتخاب صحیح است equal-percentageایجاد کنند ، 

در جریانهاي داراي دبی زیاد با افت فشار کم و نیز دبی کم با افت فشار زیاد از  �
equal-percentage استفاده می شود

-equalاگر بدلیل کمبود داده ها مجبور به انتخاب سایز بالاتري شدیم ،  �
percentage   رفتار بهتري جهت کنترل سیستم خواهد داشت

نسبت حداکثر به حداقل جریان یک شیر کنترلی که از یک کنترلر فرمان می گیرد�
موثر هستند  RangeabilityRangeabilityعامل بر  �3

ساختار هندسی شیر - 1
نشتی کانال جریان - 2
محرك شیر   -3

بالایی هستند  RangeabilityRangeabilityشکل ، داراي  Vشیر توپی با پورت �
�V-notched ball valves (200:1)  
�Eccentric plug valves (100:1) 

�Globe valves (50:1)

�butterfly valves (20:1)

/ ANSI /ANSIاطلاعات بیشتر در استاندارد  � ISA SISA S7575..1111
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� Standard: ANSI / FCI 70-2 : Six classifications of shutoff

ANSI Class I 
� 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

ANSI Class II
� 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

ANSI Class III  
� Leakage : 0.1% of full open valve capacity.
� 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

ANSI Class IV  
� Leakage : 0.01% of full open valve capacity.
� 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
� Class IV is also known as metal to metal

ANSI Class V  
� Leakage : 0.0005 cm3/min per inch of orifice diameter per  psi differential
� Test medium: Water @ 50 to 125 °F.
� 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, 

ANSI Class VI  
� The test 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 Bubbles per 
minute

ml per 
minuteinches Millimeters

1 25 1 0.15

1 1/2 38 2 0.30

2 51 3 0.45

2 1/2 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 11.5

Leakage
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مقدمه -1-4-1
1-4-2- Threaded End Connections
1-4-3- Flanged End Connections
1-4-4- Welded End Connections
1-4-5-  Other End Connections

نوع و جنس انتهاي شیر با پایپینگ معمولا یکسان است�
ساخته می شوند SWیا  SEاینچ و کوچکتر با انتهاي  2معمولا سایز �
تولید می گردند BWیا  FEاینچ با انتهاي  2سایزهاي بالاتر از �
اینچ  4در سرویسهایی که نشتی مشکل زیادي ایجاد نمی کند، می توان تا �

نیز استفاده نمود SEاز نوع 
در برخی از سرویسها از شیر با دو انتهاي متفاوت استفاده می شود�
Drain, Ventدر برخی موارد سایز انتهاي شیر متفاوت است مانند �

ساخته می شود NPTشیرهاي با انتهاي رزوه اي بیشتر از نوع �
در سرویسهاي خورنده از این نوع انتها  استفاده نمی شود�
استفاده می شود NHTدر سیستمهاي اطفاي حریق از �
�GHT– اینچ هستند¾ معمولا
داراي حداقل قیمت است �
ASME B16.11 , API 5B: استاندارد �
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اینچ استفاده می شود 2براي شیرهاي بزرگتر از �
نصب آن از نوع رزوه اي آسان تر است�
در هر دمایی قابل بکارگیري است�
ASME B16.5 , B16.47: استاندارد �

انتخاب می شوند Pressure/Temperature Ratingبا توجه به نوع سرویس و �
شیر به راحتی قابل جداکردن از سرویس خواهد بود�
بردآن بهره در نوسانات دمایی زیاد نمی توان از �
�Integral flanges, separable flanges

, FF:  (Facing)انواع مختلفی دارد� RF , RTJ , . . . 

Flat Face (FF)

� low-pressure  applications

� brass and cast-iron valves

� Face must be completely flat

� Large diameter  gaskets

Raised Face (RF)

� 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

براي تمام سایزها قابل استفاده است�
:  جایی که نیاز به نشتی صفر باشد�

environmental, safety, sanitary, efficiency

براي فشار و دماي بالا قابل بکارگیري است�
شیر قابل جداکردن از سرویس نخواهد بود�
, SW: انواع مختلفی دارد� BW 
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Socket weld (SW)

� High pressure fluids

� High temperature fluids

� 2 in and smaller

� Pipe mate into the valve bore

� Dimension : ASME B16.11

� Welding STD: ASME B31.1 or 

B31.3

Butt weld (BW)

� High pressure fluids

� High temperature fluids

� Larger than 2 in

� Backing rings

� Dimension : ASME B16.25

� Welding STD: ASME B31.1 , 

B31.3 , B31.8

� Nonmetallic valves (plastic) èMale thread è External Nut

ü vacuum service è O-ring  

� PVC & CPVC è male–female socketè cement is used to fuse 

the two pieces together

� heat fusion è outside heating source è fuse together

� clamp coupling è fits into special grooves è allow to be 

disassembled for cleaning

� Wafer Ends è Rotary Valve è thermal expansion or fire  è

leakage è may feed the fire

مقدمه -1-5-1
1-5-2- Standard Classification
1-5-3- Special Classification
1-5-4-Limited Classification
1-5-5-  Intermediate Classification
1-5-6 -  Other

� Rating: valve is designed for certain range of internal 

pressure

� Is not an exact working pressure

� higher pressure è thicker wall thickness

� Higher temperature è lower pressure

� pressure–temperature relationship : ANSI/ASME B16.34
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� ANSI Class  : ANSI / ASME B16.34

� Class 150, 300, 600, 900, 1500 , 2500

� Ends:  Threaded,  flanged,  socket weld,  butt weld

� ANSI Class  : ANSI / ASME B16.34

� Ends:  Threaded, welded

� Special examination (NDT)

� Part 8 , ASME B16.34

� ANSI Class  : ANSI / ASME B16.34

� Ends:  Threaded, welded

� Size : 2 ½ “ and smaller  

� Threaded ≤ Class 2500 

� Socket Weld ≤ Class 4500 

� Appendix   V , ASME B16.34

� ANSI Class  : ANSI / ASME B16.34

� Ends:  Threaded, welded

� Size : 2 ½ “ and smaller  

� Para 6.1.4
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� API Class è API 6D è 2000, 3000(3M),  5M, 10M,  20M

� ISO è PN è 10, 20, 25, 40, 50 , 100, . . .

� Manufacturer : 

WOG(Water, Oil, Gas)

WSP (Wet  Steam Pressure) 

1-6-1 - ASME B16.10

1-6-2-API 6D

1-6-3-BSI 

1-6-4 -  DIN

� Gate Valve

� Globe Valve

� Check Valve

� Ball Valve

� Plug Valve

� Butterfly Valve

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

� Size :   ¼”    to    36 “

� Gate
� Check
� Plug 
� Ball 
� Class : 150, 300, 600 , 900, 1500, 2500
� Size :  2”   to   36 “ 

BS BS 558558--1 1 (FE) (FE) 
Gate, Butterfly, Plug, Diaphragm, Globe, Check, ControlGate, Butterfly, Plug, Diaphragm, Globe, Check, Control
Size : DN Size : DN 20002000
PN : PN : 66, , 10 10 , , 1616, , 2525, , 4040, , 6363, , 100100

BS BS 20802080
Size Size : (: (11//44--4242”)”)
Class : (Class : (150 150 –– 25002500))
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DIN 3300 مقدمه -1-7-1
استانداردهاي انتخاب مواد -1-7-2

در بیشتر مواقع جنس لوله و بدنه شیر شبیه به هم هستند�
فولادهاي کربنی جهت ساخت بدنه شیرها بسیار زیاد استفاده می شوند�

o سیالات غیر خورنده و بخار آب ازC/S استفاده می شود
o درجه سانتیگراد 425براي سرویسهاي دایمی تا
o درجه سانتیگراد 535براي سرویسهاي غیر دایمی تا
oقیمت مناسب تري دارد

فولادهاي استنلس نیز جهت ساخت بدنه شیرها استفاده می شوند�
oمقاومت حرارتی، مکانیکی و خوردگی بالاتري دارند
o و بالاتر  535دماهاي
o گرانترقیمت

� ANSI / ASME B16.34 
� ASTM . . . . 

مقدمه -1-8-1
1-8-2- Flat Gaskets

1-8-3- Spiral-Wound Gaskets

1-8-4- Metal O-Ring Gaskets

1-8-5- Metal C-Ring Gaskets

1-8-6 - Metal Spring-Energized Rings

1-8-7- Metal U-Ring Gaskets

استاندارد انتخاب -8- 1-8 
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گسکت باید نرم تر از قطعات آب بند شونده باشد�
جنس آن بستگی به دما، فشار و خواص سیال دارد�
معمولا یکبار مصرف هستند�
میتواند فلزي یا غیر فلزي باشد�
میزان آب بندي آن به نیروي وارد شده بستگی دارد؛�

oنوع گسکت
oمیزان جابجایی قطعات
oضخامت گسکت
o  جنس گسکت
oعمق شیار

فشردن بیش از حد گسکت باعث لهیدگی آن و بروز نشتی می گردد�
در برخی شیرها میزان فشردگی گسکت با ارتفاع پله ها کنترل می شود�

Types of GasketTypes of Gasket

� Flat gaskets

� Spiral-wound gaskets

� Metal O-ring gaskets

� Metal C-ring gaskets

� Metal spring-energized gaskets

� Metal U-ring gaskets

ساده و ارزان قیمت�
بدلیل انعطاف پذیري ، براي آب بندي سطوح ناصاف فلزي مناسب است�
بکار می رود) دما و فشار(براي سرویسهاي معمولی �
:جنس �

ØChlorotrifluoroethylene (CTFE)
Øpolytetrafluoroethylene (PTFE) 
ØSoft metals: aluminum, copper, silver, soft iron, lead, brass
ØNickel  à 1400°F
ØMonel  à 1500°F  
Ø Inconel à 2000°F  

تقریبا همه منظوره است�
قیمت متوسط  �
بین ورقه هاي فلزي ، فیلر غیر فلزي قرار دارد�
یکبار مصرف هستند�
asbestos, PTFE, graphite, mica, ceramic paper:   فیلر �
:جنس نوار �

 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
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اورینگ فلزي�
سطح مقطع دایره اي یا غیر دایره اي�
گرانتر از گسکت تخت و اسپیرال �
مناسب سرویسهاي با دما و فشار بالا �
آب بندي در هر دو جهت�
آب بندي در مقابل سطوح ناهموار�
یکبار مصرف�

� self-energizing
� more expensive than most gaskets
� low seating loads and high spring-back
� used for low-vacuum or low-pressure systems

� Similar to metal C-ring gaskets
� include metal springs inside C-ring gaskets
� Expensive
� Application : when the service conditions vary widely
� allows the gasket to expand or contract during changes in 

temperature or pressure, while maintaining the seal

� Use where reliability is an important consideration
� For high-pressure (up to 12,000 psi) 
� For high-temperature (up to 1600°F )
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مقدمه - 1-9-1
1-9-2- Packing Configurations
1-9-3- Packing-Material Considerations
1-9-4- Polytetrafluoroethylene Packing
1-9-5 - Asbestos and Asbestos-Free Packings
1-9-6 - Graphite Packing
1-9-7 - Perfluoroelastomer Packing
1-9-8- Temperature and Pressure Limits for Packing
1-9-9 - Packing Lubricants

� Preformed packing : V-ring

� Square packing : square-shaped ring

� Braided packing : woven strands of elastomeric materials

� Packing for rotary valves  &  linear valves.

� Live loadingè compensate packing consolidationè wear, cold 

flow, plastic deformation, extrusion

� Ideally: Max radial load è in middle of the packing set

� Soft packing materials èMax radial load èfor Ex. PTFE

� harder packing è maximum radial force è Near the Gland

� Stems are polished between 8 and 4 µin

� bonnet walls polished between 32 and 16 µin

� Small & such rotary valvesè misalign the stemè leaking
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� standard and twin configurations
� V-shaped è excellent self-adjusting sealè Min stem friction
� Square è twin packing configuration è lubrication
� Graphite è lubricationè soft and pliable
� braided packing

� high-temperature è solid graphite are abrasiveè high stem friction
� two solid ringsè not adequately sealè braided complete the seal
� One braided ringè bottom wiperè

� lantern ring 
� leak to freely circulate
� Warner for lower packing leakageà retightening the gland
� Lubrication  the packing box
� Liquid packing injection

V-shaped packing 

Square  packing Standard & Twin graphite packing configuration

vacuum service packing configuration

� variety of valve applicationsè wide range of temperature, 
fluid medium
� graphite è good for high temp.è but with high friction
� Ideal packing material
� operates within the temperature and pressure ranges
� creates minimal stem friction
� Holds a seal with very little material
� withstands extrusion

� backing ring: a close tolerance ring è harder, less pliable
è fit between packing ring , packing box wall , stem
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Packing extruded between stem and gland bushing
� Virgin PTFE packing è common and inexpensive è V-ring
� Elasticity, V-ring è little compression, long-lasting seal
� Smooth surfaces è smooth stroking èmin. break-out force
� Very little friction è 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 è weak in thermal cycling 
è packing loss ,   shorter life  , extrusion è Live Loading
� Not suitable for nuclear valves è radiation deteriorate it quickly
� RPTFE: more rigidity è less elasticity è greater sealing force
� Combine Virgin PTFE and RPTFE, 

� effective high-temperature packing with good sealability

� hook-shaped fibers è accumulate into the lungs è

respiratory illnesses è asbestos-free packing  (AFP)

� Substitutes : ceramic fiber for high-temperature

� Graphite(carbon-based packings): Good substitute for asbestos 
� can be produced either in die-formed rings or braided rings
� Die-formed
� Graphite ribbon è wound and compressed in a die
� Density è 1440 to 1600 kg/m³ (90 to 100 lb/ft³)
� Formation pressure è less than gland (or service)compress 

� Braided graphite
� winding small strands of graphite together
� Is quite pliable
� forms to the stem è min stem friction
� Anti-extrusion ring on both sides
� grab the stem è not transfer load to die-formed è high friction, leakage
� Has tendency to break down when compression exceeds 4000 psi

densitydensity--compression stresscompression stress

� 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 è 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 disadvantages

� when fully compressedè has a tendency to stick to the stemè jerky valve 

motion è premature wear of Stem

� Rotary valve stem contact face is constant with packing è faster  wear

� High compression è stem  galling è packing damage èleakage

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

� accurate torque wrench è preventing overcompress the packing

� smaller diameter stems è may misalign è create a leak path 

� Recently developed packing

� PFE has a better temperature range than PTFE

� Resists chemical attack

� PFE’s only drawback is its cost è very expensive

� packing material èaffected by fluid’s temp. and pressure

� temperature increase è softer packing è become more fluid 

è extrude out of the packing box

� High pressures also can cause extrusion

� combination of high temp. & pressure è accelerate extrusion

� extended bonnets è temperature limit is always higher

Standard bonnets

Extended bonnets (ANSI Classes 150, 300, and 600) Extended bonnets (ANSI Classes 900, 1500 and 2500)
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� Packing box è lantern ring è injection of lubricantè

minimize stem friction

� Effective lubricants

� reduces stem friction without increasing the packing box leakage

� lubricant should not react with the process fluid

� 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)

� 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 è easily absorb lubricant è pliable è improving 

the sealability

� Lubrication limitations

� not recommended for oxygen service

� not recommended for  flammable services è petroleum based  

lubricant could react with the fluid

� In high compression è injection of  lubricant may be difficult

� if injection  not impossible èpacking box need to disassemble

انیال درجریفاز س -10- 1-10-1
فشار ، دما و جنس -1-10-2
ر در شبکهیفه شیوظ -1-10-3
سیسرو یزان خورندگیم -1-10-4
خواص جریان  - 1-10-5
شکل کانال جریان - 1-10-6
Patternنوع  - 1-10-7
نوع انتهاي شیر -1-10-8
محدودیت در نصب - 1-10-9
محدودیت در باز و بست - 1-10-10
سرعت باز و بست -1-10-11
نوع ساختار بدنه -1-10-12
روش ساخت قطعات - 1-10-13
نوع عملگر - 1-10-14
سایر  -1-10-15

گاز -1-10-1-1
ع یما -1-10-1-2
يدوفاز -1-10-1-3
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qبالا يت آب بندیفیک
qSoft Seat
q دارايBleed  درصورت داشتن (باشندCavity(
qFire Safe ییبودن در صورت اشتعال زا
qییمقاوم درمقابل نوسانات دما
qعیت بازو بست سریقابل
q  سیستم آب بندي ثانویه
qبالا يعمر بهره بردار

Ball Plug (Conduit Gate) Butterfly

qمتوسط  يت آب بندیفیک
qSoft or Metal Seat
q وجودDrain ازیدرصورت ن
qییمقاوم درمقابل نوسانات دما

Gate Globe Butterfly (Ball, Plug)

گاز+ ع یما - 1-10-1-3-1
جامد+ ع یما -1-10-1-3-2

qبالا يت آب بندیفیک
qSoft or Metal Seat
q وجودVent, Drain 
qFire Safe ییبودن در صورت اشتعال زا
qییمقاوم درمقابل نوسانات دما
qعیت بازو بست سریقابل
q  سیستم آب بندي ثانویه

Ball Plug Gate ButterflyGlobe
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q نداشتنCavity  ال به آنیس یابیا عدم راهیو
qا برنده ذرات جامدیانعطاف پذیر و  يسطوح آب بند
qتریعملگر به نسبت قو
qمتوسط  يت آب بندیفیک
q باید دارايDrain باشد

Knife, Cond. Gate Globe Butterfly

فشار و دما معلوم ، جنس مجهول  -1-10-2-1
فشار و جنس معلوم ، دما مجهول -1-10-2-2

فشار ، پارامتري است که در فرایند انتخاب شیرآلات حتماً باید  : تذکر 
.مشخص باشد

.جوابی نخواهد داشت “ دما و جنس معلوم ، فشار مجهول”پس حالت  دماي معلوم
(200°c)

فشارمعلوم
(110bar)

جنس معلوم

فشارمعلوم
(90bar)

جنس معلوم

دما معلوم
(50°c)

دما معلوم
(50°c)
دما معلوم
(50°c)
دما معلوم
(50°c)
دما معلوم
(50°c)

بیشمار فشار
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On/Off)باز و بست  -1-10-3-1 )

 (Regulation)تنظیم جریان  - 1-10-3-2
(Diverting)انحراف جریان  - 1-10-3-3

)(Non-Returnیکسو کردن جریان  -1-10-3-4

q خطوط انتقال
q مجاري تخلیه
q قطع و وصل اضطراري
qورودي جریان دستگاهها و تجهیزات
q  . . .

بطور کلی مواردي که نیاز به تنظیم خواص جریان نیستبطور کلی مواردي که نیاز به تنظیم خواص جریان نیست

Ball Plug Gate

q                              خروجی پمپها و کمپرسورها و : دبی. . .
q  
q                             بصورت کاهش فشار است: فشار

q                               توسط افزایش و کاهش دبی صورت می پذیرد: دما

مواردي که نیاز به تنظیم یکی از خواص جریان باشدمواردي که نیاز به تنظیم یکی از خواص جریان باشد

Globe Modified 
Plug

Modified 
Gate

Modified 
Ball

q Ball Valve   

q Plug Valve
q Special Globe

شیر چند راههشیر چند راهه  --انحراف جریان از مسیري به مسیر دیگرانحراف جریان از مسیري به مسیر دیگر
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q خروجیRotary Machines
qخروجی تاسیسات
qخطوطی که داراي اختلاف ارتفاع هستند
qپایین دست تجهیزات اندازه گیري دقیق
qجلوگیري از مخلوط شدن چند جریان
qخروجی تلمبه خانه ها و ایستگاههاي افزایش فشار

Check ValveCheck Valveانواع انواع   ––جلوگیري از جریان برگشتی جلوگیري از جریان برگشتی 

Swing Lift Axial

خوردگی هاي معمولی  -1- 1-10-4
خوردگی هاي متوسط -2- 1-10-4
خوردگی هاي بالا -3- 1-10-4
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qموادانتخابی مناسب
q گزینش صحیح نوع شیر
qعمر بهره برداري مناسب
qمیزان تعمیر پذیري روي خط
qانتخاب صحیح انتهاي شیر
qمیزان فراوانی

� Pressure Drop

� Flow Capacity

� Actual Pressure Drop

� Choked Pressure Drop

� Allowable Pressure Drop

� Cavitation Incipient and Advanced

� Flashing Issues

� Liquid Pressure-Recovery Factor

� Liquid Critical-Pressure Ratio Factor

� Choked Flow

� Velocity

�  . . .

Flow Passage

Straight Angular

Round Port Rectangular Normal Oblique

Full Port

Reduced 

Full Port

Reduced

Full Port

Reduced

Full Port

Reduced

    ::تعریف تعریف 
..قسمتی از بدنه ، درپوش و مجرابند که در حالت باز با سیال جریان در تماس هستند قسمتی از بدنه ، درپوش و مجرابند که در حالت باز با سیال جریان در تماس هستند 

مستقیم یا تحت زاویه -1- 1-10-6
سطح مقطع گرد یا چهار گوش -2- 1-10-6
پورت کامل یا کاهنده -3- 1-10-6

شکل کانال جریان با شکل: نکته 
خارجی شیر تفاوت دارد           

qزاویه بین راستاي ورودي و خروجی شیر
qمیزان آشفتگی جریان
qایجاد سر و صدا
qافت هد جریان
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qشکل مقطع میانی شیر
qایجاد جریانهاي گردابی و آشفته
qایجاد کاویتاسون در پایین دست
qافت هد جریان
q ایجاد سرو صدا

qسطح مقطع میانی شیر به مقطع ورودي
qایجاد جریانهاي گردابی و آشفته
qایجاد کاویتاسون در پایین دست
qافت هد جریان
qایجاد سر و صدا

: تعریف 
پارامتري است بیان کننده درصد پورت و طول کانال جریان 

1-10-7 -1- Short Pattern 
1-10-7 -2- Regular Pattern

1-10-7 -3- Venturi Pattern

1-10-7 -4- Long Pattern

Valve Ends

Flanged Welded

Flat Face Raised Face Butt Weld

Socket
WeldSerrated Smooth

Threaded

Ring Type
Joint Internal

External

فلنجی  -1- 1-10-7
جوشی  -2- 1-10-7
رزوه اي -3- 1-10-7

qqمورد استفاده قرارمی گیرندمورد استفاده قرارمی گیرندو بالاتر و بالاتر   ””22براي سایزهايبراي سایزهاي""معمولامعمولا  .  .

qqنصب و جدا کردن این اتصال در خط لوله آسان استنصب و جدا کردن این اتصال در خط لوله آسان است..

qq   آن به خط لوله بر اساس استاندارد                 آن به خط لوله بر اساس استاندارد                 ابعاد فلنج و مشخصات اتصال ابعاد فلنج و مشخصات اتصال

ASME BASME B1616..55  )) اینچاینچ  2424تا سایز تا سایز ( ( , ,MSS SPMSS SP--4444)) و و ) ) اینچ اینچ   2222براي سایز براي سایز

ASME BASME B1616..4747)) استاست) ) اینچ اینچ   2424براي سایزهاي بالاتر از براي سایزهاي بالاتر از..

qq  احتمال آسیب دیدگی این اتصال در اثر تغییرات شدید دمایی وجود دارداحتمال آسیب دیدگی این اتصال در اثر تغییرات شدید دمایی وجود دارد..

qq جوابگو می باشندجوابگو می باشندنیز نیز  این اتصالات کلاسهاي فشاري بالا را  این اتصالات کلاسهاي فشاري بالا را
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اتصالات فلنجی دسته بندي اتصالات فلنجی دسته بندي 
qq Flat faceFlat face

qq Raised faceRaised face

qq Ring Type JointRing Type Joint

qq OthersOthers

-- Tongue & GrooveTongue & Groove
-- Male & FemaleMale & Female

Flat FaceFlat Face

Raised FaceRaised Face
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Ring Type JointRing Type Joint

Tongue & GrooveTongue & Groove Male & FemaleMale & Female

qqمورد استفاده قرارمی گیرندمورد استفاده قرارمی گیرندو بالاتر و بالاتر   ””11براي سایزهايبراي سایزهاي""معمولامعمولا  .  .

qq اتصالات با ایجاد یک ساختار یکپارچه در خط لوله سبب ایجاد یک آب اتصالات با ایجاد یک ساختار یکپارچه در خط لوله سبب ایجاد یک آب این این

..می شوندمی شوندو بدون نیاز به تعمیر و نگهداري و بدون نیاز به تعمیر و نگهداري   بندي مناسببندي مناسب

qq   روش اتصال این شیرها به خط لوله بر مبناي استاندارد روش اتصال این شیرها به خط لوله بر مبناي استانداردASME BASME B3131..11   و و

ASME BASME B3131..88  می باشدمی باشد..

qq   اتصال می توان در سرویسهاي فشار بالا و نیز دماي بالا استفاده کرداتصال می توان در سرویسهاي فشار بالا و نیز دماي بالا استفاده کردنوع نوع از این از این..

اتصالات جوشیدسته بندي اتصالات جوشیدسته بندي 
qq Butt WeldButt Weld

qq Socket WeldSocket Weld
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Butt WeldingButt Welding Butt WeldingButt Welding

Socket WeldSocket Weld Socket WeldSocket Weld

qq2 2((براي سایزهاي کوچک براي سایزهاي کوچک ""معمولامعمولا 
.  .  مورد استفاده قرارمی گیرندمورد استفاده قرارمی گیرند)  )  کمترکمتروو  11  11//““

qq زیاد می باشدزیاد می باشد )  )  ” ”44تا حدودتا حدود((احتمال نشتی این نوع اتصال در سایزهاي بالا احتمال نشتی این نوع اتصال در سایزهاي بالا..

qq   نوع رزوه ها نوع رزوه هاNPT NPT    و بر اساس استاندارد و بر اساس استانداردAPI API 55BB   و یا و یاANSI BANSI B11..2020..11  استاست..

qq   از محدودیتهاي این نوع اتصال می توان به عدم امکان عبور سیال با ذرات معلق از محدودیتهاي این نوع اتصال می توان به عدم امکان عبور سیال با ذرات معلق

  ..و نیز سیالهاي خورنده اشاره نمود و نیز سیالهاي خورنده اشاره نمود 

qq  ، این شیرها این شیرها   با در نظرگرفتن نشتی و محدودیت فشار درشیرهاي انتها رزوه اي ،با در نظرگرفتن نشتی و محدودیت فشار درشیرهاي انتها رزوه اي

..را جوابگو می باشند را جوابگو می باشند 880000تا کلاس  تا کلاس  حداکثر حداکثر 
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دسته بندي اتصالات رزوه ايدسته بندي اتصالات رزوه اي

qq  اتصالات رزوه اي داخلیاتصالات رزوه اي داخلی

qq  اتصالات رزوه اي خارجیاتصالات رزوه اي خارجی

طول شیر -1-10-9-1
استاندارد اتصال انتهایی - 1-10-9-2
ضخامت لبه انتهاي جوشی -1-10-9-3
محدودیت در باز و بست -1-10-9-4

qمطابق کدام استاندارد است
qqAPI API 66DD
qqASME BASME B1616..1010
qqBS BS 20802080
qqBS EN BS EN 558558--11
qqDIN DIN 
qqOTHERSOTHERS
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FLANGE :FLANGE :

qq ASMEASME
qq APIAPI
qq BSIBSI
qqDINDIN
qq GOSTGOST
qqOTHERSOTHERS

Butt Weld :Butt Weld :

qq ASMEASME
qq BSIBSI
qqDINDIN
qqOTHERSOTHERS

Threade :Threade :

qq ASMEASME
qq APIAPI
qq BSIBSI
qqDINDIN
qqOTHERSOTHERS

q ضخامت لوله= ضخامت لبه جوشی

qPIPE SCHEDULE  : بیانگر ضخامت دیواره لوله است

q انواع تقسیم بنديSCH  :
Ø STD , XS , XXS
Ø 10, 20, 30, …

v استاندارهاي مورد نیاز :ASME B16.25, ASME B36.10, API 5L, …

q در ارتفاع
qشبکه بسیار شلوغ
qکنار دیوار یا مانع بزرگ
qداخل حوضچه کوچک
q دفنی(زیر زمین(

qشیرهاي ربع گرد: سرعت بالا

BALL        PLUG         BUTTERFLY      

q شیرهاي : سرعت پایینRISING STEM

GATE       GLOBE       PISTON
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q RIDGID
- FULLY WELDED BODY

q SPLIT BODY
- ONE PIECE 
- TWO PIECES
- THREE PIECES 
- OTHERS

FULLY WELDED BODYFULLY WELDED BODY

SPLIT BODYSPLIT BODY

qریخته گري
ریخته گري ماسه اي   -     
ریخته گري دقیق -     
     - . . .
qفورج

ضربه اي -     
فرمینگ -     
qتراشکاري

     - TURNING
     - MILLING
     - . . .

CASTINGCASTING
FORGINGFORGING
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FORGINGFORGING
Milling & Turning & WeldingMilling & Turning & Welding

   (Wrench)آچــار -1-10-14-1 

  (Gearbox)گیر بکس   -1-10-14-2 
 (Actuator)عملگـر  -1-10-14-3 

v 360حداکثر نیروي وارده نباید از N بیشتر شود
v برابر طول شیر بیشتر شود 2طول آن نباید از

Plug & Ball ValvePlug & Ball Valve
classclass sizesize
150150 ≤ ≤ 8 8 in in 
300300 ≤ ≤ 6 6 in in 
600600 ≤ ≤ 4 4 in in 

v 360حداکثر نیروي وارده نباید از N بیشتر شود
vقطر فرمان آن نباید از طول شیر  و یا یک متر بیشتر شود
vممکن است داراي مکانیزم محدودکننده گشتاور باشد

Plug & Ball ValvePlug & Ball Valve
classclass sizesize
150150 ≥ ≥ 8 8 in in 
300300 ≥ ≥ 6 6 in in 
600600 ≥ ≥ 4 4 in in 

حداکثر گشتاور گیربکسحداکثر گشتاور گیربکس
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برقی
نیوماتیکی

الکترو هیدرولیکی
هیدرونیوماتیکی

قابلیت پیگ رانی - 1-10-15-1 
قیمت تمام شده  -1-10-15-2 
فراوانی در بازار - 1-10-15-3 
کارخانه سازنده - 1-10-15-4 

کانال جریان شیر طوري باشد که پیگ از آن عبور کند بدون اینکه 
.دچار آسیب دیدگی شود
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Valve Sizing

عناوین فصل سومعناوین فصل سوم
مقدمه -3-1
3-2- Valve-Sizing Nomenclature

3-3 - Body Sizing of Liquid-Service Control Valves

3-4- Body Sizing of Gas-Service Control Valves

مقدمهمقدمه  --11--33
3-1-1-  Sizing The Importance of Correct Valve

3-1-2-  Valves  Valve-Sizing Criteria for Manual

3-1-3-  Valves Valve-Sizing Criteria for Check

3-1-4-  for Throttling Valves Valve-Sizing Criteria

33--11--  11--    SizingSizing  The Importance of Correct ValveThe Importance of Correct Valve

� valve sizing is based on the standard thermodynamic laws

� these laws is affected by : 

Ø function of the valve

Ø Type of service

Ø severity of service

� sizing  è throttling valves

� On/off  valve : 

� sized smaller è flow will be restricted è pressure drop è less flow 

� sized larger è expensive costs (valve, piping) 

33--11--  11--    SizingSizing  The Importance of Correct ValveThe Importance of Correct Valve

� throttling valve : 

� sized smaller è maximum flow  will be limitedè inhibit the 

function of system

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

first half of stroke

� Because of safety factors è throttling valves are oversized

33--11--  22--    ValvesValves    ValveValve--Sizing Criteria for ManualSizing Criteria for Manual

� Valve basic function :  pass full flow while the valve is open

� valve size è size of piping è which sized by system engineer

� Manufacturers è sizing charts è Q for min , max valve size

� Usually : manual-valve sizing è full bore or reduced bore

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

� full bore : 
Ø services with Slurries 
Ø services with particulates
Ø Passing pig
Ø For high velocities
Ø Low erosion
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33--11--  22--    ValvesValves    ValveValve--Sizing Criteria for ManualSizing Criteria for Manual

� Reduced bore : 
Ø services without Slurries & contaminant
Ø no pigability
Ø For low velocity services

� manual-valve sizing : 

Ø Max , Min temperatures      (T)

Ø Max , Min pressures            (P)
Ø Max , Min Flow rates          (Q)
Ø Max , Min Specific volume (ρ)

33--11--  33--  ValvesValves ValveValve--Sizing Criteria for CheckSizing Criteria for Check

� sufficient pressure drop 

� Min. flow exist for open

� Example : pump fails

� Low pressure drop (<1 psi) è Disk will float back and forth 

èwear of moving parts è short life of the valve

� Higher pressure drop (>10 psi) è erosion of  Disk

Continue . . . Continue . . . 

� Cracking pressure : 

� min. pressure required to open the check valve

� is a fixed number depending on style & size of the check valve

� can vary  from 0.1 to 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

Continue . . . Continue . . . 

� For wide range of flow:  check valves are sized for min. flow

� manufacturer’s sizing charts è for the min. flow è if valve size 

equivalent to or greater than pipeline size è pipeline size should 

be used

� Example : 

Manu. Chart àMin Flow à Valve Size=4” , Pipe Size=3” à Valve size=3  

� oversize check valve èmore expensive èmore cost of project

Continue . . . Continue . . . 

� If valve for min. flow < Pipe size è reducers use with valve 

� High flow rates è increase frequency of vortices and currents 

è increase the pressure drop , valve wear

� Insufficient flow è 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

33--11--  44--    for Throttling Valvesfor Throttling Valves  ValveValve--Sizing CriteriaSizing Criteria

� size of the valve body

� body style

� Material à can accommodate  process conditions

� correct pressure rating 

� Proper installed flow characteristic

� Standard for flow capacity : ANSI/ISA S75.01
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Continue . . . Continue . . . 

� For correct sizing, following conditions are needed
� 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
� Critical pressure

33--22--  ValveValve--Sizing NomenclatureSizing Nomenclature
3 -2-1 - Upstream and Downstream Pressures
3 -2-2- Pressure Drop
3 -2-3 - Flow Capacity
3 -2-4- Actual Pressure Drop
3 -2-5- Choked Pressure Drop
3 -2-6- Allowable Pressure Drop
3 -2-7-  Cavitation Incipient and Advanced
3 -2-8- Flashing Issues
3 -2-9 - Liquid Pressure-Recovery Factor
3 -2-10- Liquid Critical-Pressure Ratio Factor
3 -2-11- Choked Flow
3 -2-12 - Velocity
3 -2-13- Reynolds-Number Factor
3 -2-14 - Piping-Geometry Factor
3 -2-15 - Expansion Factor
3 -2-16- Ratio of Specific Heats Factor
3 -2-17 - Terminal Pressure-Drop Ratio
3 -2-18-Compressibility Factor

33--22--11 - -  Upstream and Downstream PressuresUpstream and Downstream Pressures

� Upstream pressure : The pressure reading before the valve

� Downstream pressure : The pressure reading taken after the valve

� Upstream pressure ≠ Downstream pressure 

33--22--22--  Pressure DropPressure Drop

� Pressure drop (or the pressure differential) :                

Difference between the upstream and downstream pressures

The greater the 
pressure drop

The greater the flow 
through the valve

33--22--33--  Flow CapacityFlow Capacity

Cv 

� The most commonly applied sizing coefficient

� One U.S. gallon of 60°F water that flows through a valve with 

1.0 psi of pressure  drop.

� When calculated properly è determines the correct trim size

33--22--44 - -  Actual Pressure DropActual Pressure Drop

� Difference between the inlet and outlet the valve

� If actual pressure drop  <  choked pressure drops è actual 

pressure drop is used in Cv equation
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33--22--55--  Choked Pressure DropChoked Pressure Drop

� Pressure drop is increased è flow should increase

� At choked flow: further increases in the pressure drop è

will not change the valve’s flow rate

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

� Gases : sonic velocity

33--22--55--  Choked Pressure DropChoked Pressure Drop

� 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 ∆P choked

� For gases , XT is used to describe the ∆P choked

� STD :  ANSI/ISA S75.01

33--22--66 - -  Allowable Pressure DropAllowable Pressure Drop

∆Pa

� smaller of the actual pressure drop or the choked pressure drop

� Lead to determination of the correct Cv

� Liquid è calculating Cv è ∆Pa  should be checked : 

� if the inlet pressure P1 is 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

�∆Pa  should be compare with the actual pressure drop

33--22--77 - -    CavitationCavitation  Incipient and AdvancedIncipient and Advanced

� Liquid service è in narrowest point è velocity increase è

pressure decreases è If  P < P vapor è vapor bubbles forms è

in larger area è pressure increases è vapor bubbles collapse 

� This two step-process called Cavitation 

� erosion of metal surfaces 

� incipient Cavitation : point where vapor bubbles begin to form

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

� In advanced Cavitation, the flow is choked and cannot increase

33--22--77 - -    CavitationCavitation  Incipient and AdvancedIncipient and Advanced

� and affects the flow capacity & function of the valve

� The point where advanced Cavitation occurs can be predicted 

� ∆P must be determined, using the liquid Cavitation factor Fi
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Plug damaged by cavitation
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33--22--88 - -  Flashing IssuesFlashing Issues

� P2 does not recover above the vapor pressure è vapor bubbles 

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

� Problems  : 

� higher velocities   

� erosion of valve components

Plug damaged by flashing

33--22--99 - -  Liquid PressureLiquid Pressure--Recovery FactorRecovery Factor
FL

� critical element in liquid sizing

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

� Predict pressure recovery , between vena contracta & body outlet

� Can vary 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

33--22--1010--  Liquid CriticalLiquid Critical--Pressure Ratio FactorPressure Ratio Factor

FF

� is important to liquid sizing

� it predicts the theoretical pressure at the vena contracta

� When the max. pressure drop occurs across the valve

� Or in the choked pressure drop
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33--22--1111--  Choked FlowChoked Flow

� In liquid services,  Cavitation or flashing è 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

� 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

33--22--1111--  Choked FlowChoked Flow

� Mass and energy LAW : 

if pressure decreases in the valve, velocity increases inversely

� If pressure lowersè specific volume of the fluid increases è

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

33--22--1212--  VelocityVelocity

V

� smaller valve sizes are better equipped to handle higher 

velocities than larger-sized

� But actual size , vary according to the valve style

� For liquid services, max. velocity at the valve outlet is 12.7 m/s

� gas services velocity are generally restricted to Mach 1.0

� In Cavitation or flashing è higher velocity associated with the 

liquid–gas mixture è max. velocity restricted to 127 m/s

33--22--1212--  VelocityVelocity
� 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

33--22--1313--  ReynoldsReynolds--Number FactorNumber Factor
FR

� Non-turbulent flow è Laminar flow (Oils) è High 

viscosity , Lower velocities , Low flow capacity

� FR is used to correct the Cv equation for these flow

� if the viscosity is fairly low è FR is insignificant

33--22--1414--  PipingPiping--Geometry FactorGeometry FactorFP

� Cv è affected by nonstandard piping configurations

� Example : use of increasers or reducers

� Cv must be corrected , using the FP

� Cv testing : with straight piping ,  line & valve size are Same

� use of larger or smaller piping size & proximity of elbows è

can decrease these Cv èmust be considered during sizing
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33--22--1515--  Expansion FactorExpansion Factor

Y

� gas service : 

� Flow moves from the upstream to the vena contracta

� the specific weight of the fluid varies

� Y is 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

33--22--1616--  Ratio of Specific Heats FactorRatio of Specific Heats Factor
FK

� Cv equation for gases is based upon air è some adjustment 

must be made for other gases

� FK is used to adjust the Cv equation for Gases

33--22--1717--  Terminal PressureTerminal Pressure--Drop RatioDrop Ratio
xT

� gas service : 

� Valve choked point è predicted by xT

� Similar in many respects to the FL

� xT is affected by :

� Geometry of the valve’s body 

� Varies according to valve style

� Valve size

33--22--1818--Compressibility FactorCompressibility Factor

Z
� Gas services : 
�Are Compressible 

�Change in temp. & pressure è density varies è Z takes into 

account  the compressibility  in Cv equation

33--33--  Body Sizing of LiquidBody Sizing of Liquid--Service Control ValvesService Control Valves

3 -3-1 - Basic Liquid Sizing Equation
3 -3-2 - Actual-Pressure-Drop Calculation
3 -3-3 - Choked Flow, Cavitation, and Flashing Determination  
3 -3-4 - Specific-Gravity Determination
3 -3-5- Approximate-Flow-Coefficient Calculation
3 -3-6- Approximate Body Size Selection
3 -3-7-Reynolds-Number-Factor Calculation  
3 -3-8 - Flow-Coefficient Recalculation
3 -3-9- Piping-Geometry-Factor Calculation
3 -3-10- Final-Flow-Coefficient Calculation
3 -3-11- Valve Exit-Velocity Calculation
3 -3-12- Trim-Size Selection
3 -3-13- Flashing-Velocity Calculation
3 -3-14- Percentage of Flashing Calculation
3 -3-15 - Liquid Sizing Examples

33--33 - -11--  Basic Liquid Sizing EquationBasic Liquid Sizing Equation

� for most liquid applications è using actual pressure drop
� For non-laminar liquids :
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Step By Step Step By Step 
Calculating The CvCalculating The Cv

33--33 - -22--  ActualActual--PressurePressure--Drop CalculationDrop Calculation

� ∆Pè Before determining the allowable pressure drop

� ∆P = P1-P2

33--33--33 - -  Choked Flow, Cavitation, and Flashing DeterminationChoked Flow, Cavitation, and Flashing Determination    
a) The choked flow point

• Liquid Critical Pressure Ratio

If ∆Pchoked < ∆P è ∆Pa = ∆Pchoked in the Cv Equation

FL : is usually provided by the manufacturer

Pc : Critical Pressures for 
Common Process Fluids

b) The Cavitation

advanced cavitation è
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33--33 - -44--  SpecificSpecific--Gravity DeterminationGravity Determination

Sg

� Operating temperature è Reference  table

33--33 - -55 - -  ApproximateApproximate--FlowFlow--Coefficient CalculationCoefficient Calculation

� Determining the calculated Cv

� Assumption : FP = 1.0 

� high viscosity, low velocity, or low flow è FR can be ignored 

33--33 - -66 - -  Approximate Body Size SelectionApproximate Body Size Selection

� manufacturer’s Cv tables è smallest-sized body near the 

calculated Cv

33--33 - -77--ReynoldsReynolds--NumberNumber--Factor CalculationFactor Calculation  
� valve Reynolds number

33--33 - -77--ReynoldsReynolds--NumberNumber--Factor CalculationFactor Calculation  
• Reynolds-number factor FR

q Usually ReV ≥ 40,000 è FR = 1.0

q If ReV < 40,000 è
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Valve Recovery Coefficient and Incipient Cavitation Factors

33--33 - -88 - -  FlowFlow--Coefficient RecalculationCoefficient Recalculation

� If FR < 0.48 è Flow is laminar è Cv=Cvs  

� If FR > 0.98 è Flow is turbulent è Assuming  FR = 1.0 è

FP=1.0 è

� If 0.48 < FR < 0.98 è flow is in Transitional Stage è

33--33 - -99--  PipingPiping--GeometryGeometry--Factor CalculationFactor Calculation

FP

� inside diameter of the piping è required to determine FP

� If the pipe size not known è sec. 6-3-3 (Manufacturer Chart)

� maximum effective pressure drop = ∆Pchoked

� maximum effective pressure drop è can be affected by the use

of increasers and reducers

FP : For Valves with Reducers and Increasers on Both Ends

FP : For Valves with Reducers and Increasers on Outlet Only FP : With Reducers or Increasers on Both Inlet and Outlet of Valve
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FP : With Reducer or Increaser on Outlet of Valve

33--33 - -1010 - -  FinalFinal--FlowFlow--Coefficient CalculationCoefficient Calculation

� After FP is determined è it should be applied to the liquid 

Cv equation (Sec. 1-3-3)

The final The final CCvv calculatedcalculated

33--33 - -1111 - -  Valve ExitValve Exit--Velocity CalculationVelocity Calculation

� 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 

� the exit velocities from the valve è

• If V>acceptable velocity è larger valve size è for Low erosion

• If larger size chosen è FP will change è New Cv must calculate

33--33 - -1111 - -  Valve ExitValve Exit--Velocity CalculationVelocity Calculation

Velocity in the pipe: VP =VVAV/AP

VP :velocity in pipe, 

AV: valve outlet area. 

VV : velocity in valve outlet,

AP : pipe area.

Av : Valve Port Areas 33--33 - -1212--  TrimTrim--Size SelectionSize Selection

� Manufacturers è provide tables è including : 
� Flow coefficient - Cv

� flow direction

� body pressure rating

� flow characteristic

� size of the valve seat

� length of stroke

� percentages of opening

� Using this table è correct size of the seat , should be chosen

� Trim number è 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

33--33 - -1313--  FlashingFlashing--Velocity CalculationVelocity Calculation

� In flashing è liquid-gas mixture , in downstream è

increased velocity è difficult control situations

� Valve damage & wear è special trims or hardened materials

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

33--33 - -1313--  FlashingFlashing--Velocity CalculationVelocity Calculation

� Velocity for volume flow rate (Q) : 

� Velocity for mass flow rate (w) : 

33--33 - -1414--  Percentage of Flashing CalculationPercentage of Flashing Calculation

� percentage of the liquid è flashing into gas

� Users should have access to steam tables è Listing of 

enthalpies and specific volumes 

33--33--1515--  Liquid Sizing ExamplesLiquid Sizing Examples 33--44--  Body Sizing of GasBody Sizing of Gas--Service Service Control ValvesControl Valves
3 -4-1 - Basic Gas Sizing Equations

3 -4-2- Choked-Flow Determination

3 -4-3 - Expansion-Factor Calculation

3 -4-4- Compressibility-Factor Determination

3 -4-5- Flow-Coefficient Calculation

3 -4-6- Approximate Body-Size Selection

3 -4-7-Piping-Geometry-Factor Calculation

3 -4-8- Final-Flow-Coefficient Calculation

3 -4-9 - Valve Exit Mach-Number Calculation

3 -4-10- Trim-Size Selection

3 -4-11- Gas Sizing Examples
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33--44--11--  Basic Gas Sizing EquationsBasic Gas Sizing Equations

� difference between Liquid , Gas sizing è compressibility

� Compressibility :

qGas tends to expand 

qWhen pressure drop occurs

q In vena contracta of the valve

q It lowers the specific weight of Gas

qCorrection factor : expansion factor Y
� Depending on the given service conditions , one of the bellow 

equations is used :

33--44--22 - -  ChokedChoked--Flow DeterminationFlow Determination

xT : Terminal pressure-drop ratio (Tables)

FK : Ratio of specific heats factor

K : Ratio of specific heats (Tables)

if x < FKxT  è choked flow is not occurring

if x ≥ FKxT  è the flow is choked è let  x = FKxT è Equation

xT : terminal pressure-drop ratio

Physical Data for Common Gas Services 33--44--33--  ExpansionExpansion--Factor CalculationFactor Calculation
Y
� Because of the compressibility of gases è

Y must be determine and use in equation

� For choked flow Y=2/3 (?)
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33--44--44--  CompressibilityCompressibility--Factor DeterminationFactor Determination

Z

Pr , Tr è Diagram è Z

Pr : reduced pressure = P1/Pc

Tr : reduced temperature = T1/Tc

Compressibility factors, reduced pressures 0 to 6.

Compressibility factors, reduced pressures 0 to 40. 33--44--55 - -  FlowFlow--Coefficient CalculationCoefficient Calculation

� In this point è preliminary Cv è calculate by above Equations

� Assumption : FP=1.0

33--44--66--  Approximate BodyApproximate Body--Size SelectionSize Selection
� manufacturer’s Cv tables è smallest sized body related to 

Calculate preliminary  Cv

33--44--77--PipingPiping--GeometryGeometry--Factor CalculationFactor Calculation
pipeline size not determined è use size in sec. 6-4-3  

FPè Tables in Sec. 9-3-3 
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33--44--88--  FinalFinal--FlowFlow--Coefficient CalculationCoefficient Calculation
� With FP &    one of 4 Equations è calculate final Cv

� Usually  , final Cv will be close to preliminary Cv

33--44--99--  Valve Exit MachValve Exit Mach--Number CalculationNumber Calculation
� Cv , Size are known è the exit velocity must be calculate (in Mach)

� velocities in gas services : 

� velocities for Air services : 

� velocities for  STEAM: 

�If exit velocity > Mach-0.5 èturbulent flow è vibration , noise
�If velocity exceeds the Mach-0.5 è larger valve body will need
�If noise is occurring , anti-noise trim is used è V < Mach 0.33

33--44--1010--  TrimTrim--Size SelectionSize Selection
� Manufacturers tables : 

� manufacturers provide tables

� flow direction

� body-pressure rating

� Flow characteristic

� size of the valve seat (full or reduced)

� length of stroke

� percentages of opening

� Depending on valve style è trim number  è predetermined 

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

33--44--1111--  Gas Sizing ExamplesGas Sizing Examples
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