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ANSI/ISA-75.01.01-2002 (IEC 60534-2-1 Mod)

Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-75.01.01-2002 (IEC 60534-2-1 Mod).

The standards referenced within this document may contain provisions which, through reference in this
text, constitute requirements of this document. At the time of publication, the editions indicated were
valid. All standards are subject to revision, and parties to agreements based on this document are
encouraged to investigate the possibility of applying the most recent editions of the standards indicated
within this document. Members of IEC and ISO maintain registers of currently valid International
Standards. ANSI maintains registers of currently valid U.S. National Standards.

This document has been prepared as part of the service of ISA—The Instrumentation, Systems, and
Automation Society, toward a goal of uniformity in the field of instrumentation. To be of real value, this
document should not be static but should be subject to periodic review. Toward this end, the Society
welcomes all comments and criticisms and asks that they be addressed to the Secretary, Standards and
Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC 27709;
Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (Sl) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA
standards of incorporating suitable references to the Sl (and the metric system) in their business and
professional dealings with other countries. Toward this end, this Department will endeavor to introduce
Sl-acceptable metric units in all new and revised standards, recommended practices, and technical
reports to the greatest extent possible. Standard for Use of the International System of Units (Sl): The
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM Sl 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and
conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards, recommended practices, and technical reports.
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical
reports that ISA develops.

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE STANDARD, IT WILL REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE STANDARD. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE
USER’S INTENDED APPLICATION.
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HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA

STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN

HAZARDOUS CONDITIONS. THE USER OF THIS STANDARD MUST EXERCISE SOUND

PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF

ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS STANDARD.
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FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is
to promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in the
subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. The IEC collaborates
closely with the International Organization for Standardization (ISO) in accordance with conditions
determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible,
an international consensus of opinion on the relevant subjects since each technical committee has
representation from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published
in the form of standards, technical reports or guides and they are accepted by the National Committees in
that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC
International Standards transparently to the maximum extent possible in their national and regional
standards. Any divergence between the IEC Standard and the corresponding national or regional
standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible
for any equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be
the subject of patent rights. The IEC shall not be held responsible for identifying any or all such patent
rights.

International Standard IEC 60534-2-1 has been prepared by subcommittee 65B: Devices, of IEC
technical committee 65: Industrial-process measurement and control.

The text of this standard is based on the following documents:

FDIS Report on voting

65B/347/FDIS 65B/357/RVD

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.

The current edition of IEC 60534-2-1 cancels and replaces the first edition of both IEC 60534-2 published
in 1978, and IEC 60534-2-2 published in 1980, which cover incompressible and compressible fluid flow,
respectively.
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IEC 60534-2-1 covers sizing equations for both incompressible and compressible fluid flow.
Annexes A, B, C, D F, G, and H are for information only.

A bilingual version of this standard may be issued at a later date.
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1 Scope

ANSI/ISA-75.01.01-2002 includes equations for predicting the flow coefficient of compressible and
incompressible fluids through control valves.

The equations for incompressible flow are based on standard hydrodynamic equations for Newtonian
incompressible fluids. They are not intended for use when non-Newtonian fluids, fluid mixtures, slurries,
or liquid-solid conveyance systems are encountered.

At very low ratios of pressure differential to absolute inlet pressure (AP/P1), compressible fluids behave
similarly to incompressible fluids. Under such conditions, the sizing equations for compressible flow can
be traced to the standard hydrodynamic equations for Newtonian incompressible fluids. However,
increasing values of AP/P4 result in compressibility effects that require that the basic equations be
modified by appropriate correction factors. The equations for compressible fluids are for use with gas or
vapor and are not intended for use with multiphase streams such as gas-liquid, vapor-liquid or gas-solid
mixtures.

For compressible fluid applications, this part of ANSI/ISA-75.01.01-2002 is valid for all valves. However,
manufacturers of some valves with x1 > 0.84 have reported minor inaccuracies (see Annex H). Caution
must also be exercised when applying the equations for compressible fluids to gaseous mixtures of
compounds, particularly near phase boundaries.

The accuracy of results computed with the equations in this standard will be governed by the accuracy of
the constituent coefficients and the process data supplied. Methods of evaluating the coefficients used in
the equations presented herein are given in ANSI/ISA-75.02-1996. The stated accuracy associated with

the coefficients in that document is +5% when C, /d 2<0.047 N+g8. Reasonable accuracy can only be

maintained for control valves if C, /d 2<0.047 N1s.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of ANSI/ISA-75.01.01-2002. At the time of publication, the editions indicated were
valid. All normative documents are subject to revision, and parties to agreements based on this part of
ANSI/ISA-75.01.01-2002 are encouraged to investigate the possibility of applying the most recent
editions

of the normative documents indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards.

IEC 60534-1:1987, Industrial-process control valves — Part 1: Control valve terminology and general
considerations

IEC 60534-2-3:1997, Industrial-process control valves — Part 2: Flow capacity — Section 3: Test
procedures

ANSI/ISA-75.02-1996, Control Valve Capacity Test Procedures

ANSI/ISA-75.05.01-2001, Control Valve Terminology

3 Definitions

For the purpose of ANSI/ISA-75.01.01-2002, definitions given in IEC 60534-2-1 apply with the addition of
the following:
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3.1 valve style modifier Fq

the ratio of the hydraulic diameter of a single flow passage to the diameter of a circular orifice, the area
of which is equivalent to the sum of areas of all identical flow passages at a given travel. It should be
stated by the manufacturer as a function of travel (see Annex A).

4 Installation

In many industrial applications, reducers or other fittings are attached to the control valves. The effect of
these types of fittings on the nominal flow coefficient of the control valve can be significant. A correction
factor is introduced to account for this effect. Additional factors are introduced to take account of the fluid
property characteristics that influence the flow capacity of a control valve.

In sizing control valves, using the relationships presented herein, the flow coefficients calculated are
assumed to include all head losses between points A and B, as shown in Figure 1.

| Flow |
Pressure 1 2 —— Pressure
tap \ / tap

A B

\» Control valve with or without attached fittings

[1 = two nominal pipe diameters
I2 = six nominal pipe diameters

Figure 1 — Reference pipe section for sizing
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5 Symbols
Symbol Description Unit
c Flow coefficient (Ky, Cy) Various (see IEC 60534-1) (see note
4)
Ci Assumed flow coefficient for iterative purposes Various (see IEC 60534-1) (see note
4)
d Nominal valve size mm (in)
Internal diameter of the piping mm (in)
D, Internal diameter of upstream piping mm (in)
D, Internal diameter of downstream piping mm (in)
Do Orifice diameter mm (in)
Fd Valve style modifier (see Annex A) Dimensionless (see note 4)
FE Liquid critical pressure ratio factor Dimensionless
FL Liquid pressure recovery factor of a control valve without attached fittings Dimensionless (see note 4)
FLp Combined liquid pressure recovery factor and piping geometry factor of a control Dimensionless (see note 4)
valve with attached fittings
Fp Piping geometry factor Dimensionless
FR Reynolds number factor Dimensionless
F, Specific heat ratio factor Dimensionless
Gg Gas specific gra.wity (rati.o of densit.y of f|0\.Ning. gas to .density of air with both gt Dimensionless
standard conditions, which is considered in this practice to be equal to the ratio of
the molecular weight of gas to molecular weight of air
M Molecular mass of flowing fluid kg/kg-mol (Ib/Ib-mol)
N Numerical constants (see Table 1) Various (see note 1)
P1 Inlet absolute static pressure measured at point A (see Figure 1) kPa or bar (psia)(see note 2)
P2 Outlet absolute static pressure measured at point B (see Figure 1) kPa or bar (psia)
Pc Absolute thermodynamic critical pressure kPa or bar (psia)
Pr Reduced pressure (P1 /P¢) Dimensionless
P, Absolute vapor pressure of the liquid at inlet temperature kPa or bar (psia)
AP Differential pressure between upstream and downstream pressure taps kPa or bar (psi)
(P1-P2)
Q Volumetric flow rate (see note 5) m®h (gpm, scfh)
Re, Valve Reynolds number Dimensionless
T Inlet absolute temperature K (R)
Te Absolute thermodynamic critical temperature K (R)
T Reduced temperature (T, /T¢.) Dimensionless
tg Absolute reference temperature for standard cubic meter K (R)
W Mass flow rate kg/h (Ibs/h)
X Ratio of pressure differential to inlet absolute pressure (AP /P1) Dimensionless
XT Pressure differential ratio factor of a control valve without attached fittings at Dimensionless (see note 4)
choked flow
XTP z’ressure differential ratio factor of a control valve with attached fittings at choked Dimensionless (see note 4)
ow
Y Expansion factor Dimensionless
Compressibility factor Dimensionless
v Kinematic viscosity m?2/s (cS) (see note 3)
P Density of fluid at P1 and T, kg/m3 (Ib/ft3)
210 Relative density (p4/p, = 1.0 for water at 15°C) Dimensionless
P Specific heat ratio Dimensionless
4 Velocity head loss coefficient of a reducer, expander or other fitting attached to a Dimensionless
control valve or valve trim
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‘1 Upstream velocity head loss coefficient of fitting Dimensionless
‘o Downstream velocity head loss coefficient of fitting Dimensionless
¢B1 Inlet Bernoulli coefficient Dimensionless
£B2 Outlet Bernoulli coefficient Dimensionless

NOTE 1 To determine the units for the numerical constants, dimensional analysis may be performed on the appropriate equations using
the units given in Table 1.

NOTE 2 1 bar =102 kPa = 105 Pa

NOTE 3 1 centistoke = 10-6 m2/s

NOTE 4 These values are travel-related and should be stated by the manufacturer.

NOTE 5 Volumetric flow rates in cubic meters per hour, identified by the symbol Q, refer to standard conditions. The standard cubic meter
is taken at 1013.25 mbar and either 273 K or 288 K (see Table 1).

6 Sizing equations for incompressible fluids

The equations listed below identify the relationships between flow rates, flow coefficients, related
installation factors, and pertinent service conditions for control valves handling incompressible fluids.
Flow coefficients may be calculated using the appropriate equation selected from the ones given below.
A sizing flow chart for incompressible fluids is given in Annex B.

6.1 Turbulent flow

The equations for the flow rate of a Newtonian liquid through a control valve when operating under
non-choked flow conditions are derived from the basic formula as given in IEC 60534-2-1.

6.1.1 Non-choked turbulent flow

6.1.1.1 Non-choked turbulent flow without attached fittings

Applicableif AP < F (P, - F¢P, )J

The flow coefficient shall be determined by

Eq. 1 c:gm/_po
N,V AP

NOTE 1 The numerical constant Nq1 depends on the units used in the general sizing equation and the type of flow coefficient:

Ky or Cy.
NOTE 2 An example of sizing a valve with non-choked turbulent flow without attached fittings is given in Annex F.

6.1.1.2 Non-choked turbulent flow with attached fittings
{ Applicable if AP <[(Fs /F,)? (P, -F:P,) ]}

The flow coefficient shall be determined as follows:

Eq2 C= Q p1/p0
N.F.V AP

p
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NOTE Refer to 8.1 for the piping geometry factor Fp.
6.1.2 Choked turbulent flow

The maximum rate at which flow will pass through a control valve at choked flow conditions shall be
calculated from the following equations:

6.1.2.1 Choked turbulent flow without attached fittings
| Applicable if AP > F * (P, ~F;P, ) |

The flow coefficient shall be determined as follows:

Eq3 C: Q p1/p0
N,F_|P, —F:P,

NOTE An example of sizing a valve with choked flow without attached fittings is given in Annex F.

6.1.2.2 Choked turbulent flow with attached fittings
| Applicable if AP > (F, /F, )2 (P, -F.P, )|

The following equation shall be used to calculate the flow coefficient:

N1FLP P1_FFPV

6.2 Non-turbulent (laminar and transitional) flow

The equations for the flow rate of a Newtonian liquid through a control valve when operating under non-
turbulent flow conditions are derived from the basic formula as given in IEC 60534-2-1. This equation

is applicable if Rey < 10,000 (see Equation 28).
6.2.1 Non-turbulent flow without attached fittings

The flow coefficient shall be calculated as follows:

Eq5 C: Q p‘l/po
N, Fg AP

6.2.2 Non-turbulent flow with attached fittings

For non-turbulent flow, the effect of close-coupled reducers or other flow disturbing fittings is unknown.
While there is no information on the laminar or transitional flow behavior of control valves installed
between pipe reducers, the user of such valves is advised to utilize the appropriate equations for line-
sized valves in the calculation of the FR factor. This should result in conservative flow coefficients since
additional turbulence created by reducers and expanders will further delay the onset of laminar flow.
Therefore, it will tend to increase the respective Fr factor for a given valve Reynolds number.
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7 Sizing equations for compressible fluids

The equations listed below identify the relationships between flow rates, flow coefficients, related
installation factors, and pertinent service conditions for control valves handling compressible fluids. Flow
rates for compressible fluids may be encountered in either mass or volume units and thus equations are
necessary to handle both situations. Flow coefficients may be calculated using the appropriate equations
selected from the following. A sizing flow chart for compressible fluids is given in Annex B.

The flow rate of a compressible fluid varies as a function of the ratio of the pressure differential to the
absolute inlet pressure (AP/P1), designated by the symbol x. At values of x near zero, the equations in
this section can be traced to the basic Bernoulli equation for Newtonian incompressible fluids. However,
increasing values of x result in expansion and compressibility effects that require the use of appropriate
factors (see Buresh, Schuder, and Driskell references).

7.1 Turbulent flow

7.1.1 Non-choked turbulent flow

7.1.1.1 Non-choked turbulent flow without attached fittings

[Applicable if x < FyxTJ

The flow coefficient shall be calculated using one of the following equations:

NgY xP;p,
Eq. 7 w1z

N,PY | xM

MT.,Z

Eq. 8a c-_9 !
NoPY V' x
T.Z
Eq. 8b c._Q [GaT.Z
g NPY V x

NOTE 1 Refer to 8.5 for details of the expansion factor Y.
NOTE 2 See Annex C for values of M.
7.1.1.2 Non-choked turbulent flow with attached fittings

[Applicable if x < FyxTP]
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- The flow coefficient shall be determined from one of the following equations:

“Eq.9 C:L
. NgF,Y /xP;p,
“Eq. 10 W <
‘ NgF,PY | xM

Eq. 11a c-—09 MT,Z
N,F,PY U x

Eq. 11b c-_Q  [69T:Z
N,F,PY V  x

NOTE 1 Refer to 8.1 for the piping geometry factor Fp.

NOTE 2 An example of sizing a valve with non-choked turbulent flow with attached fittings is given in Annex F.
7.1.2 Choked turbulent flow

The maximum rate at which flow will pass through a control valve at choked flow conditions shall be
calculated as follows:

7.1.2.1 Choked turbulent flow without attached fittings

| Applicable if x > F x|

The flow coefficient shall be calculated from one of the following equations:

~ w
0.667N F, X P,p,

Eq. 13 c-_W Tz
0.667N,P, | F,x M

Eq. 14a C= Q MT, 2
0.667N,P, | F,x;

a GgT,Z
0.667N,P, | F,x;

Eq. 12 C

Eq. 14b C

7.1.2.2 Choked turbulent flow with attached fittings

[Applicable if x > FyxTPJ
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The flow coefficient shall be determined using one of the following equations:

Eq. 15 C

~ W
0.667NF, JF. X 1Py,
T,Z
Eq. 16 C= W 1
0.667NgF,P, | F,X;xM
MT,Z
Eq. 17a C= Q !
0.667NgF,P, || F, X s

T.Z
Eq. 17b C- Q GoT,
0.667N,F, P, | F. X1

7.2 Non-turbulent (laminar and transitional) flow

The equations for the flow rate of a Newtonian fluid through a control valve when operating under
non-turbulent flow conditions are derived from the basic formula as given in IEC 60534-2-1. These

equations are applicable if Rey < 10,000 (see Equation 28). In this subclause, density correction of
the gas is given by (P1 + P2) / 2 due to non-isentropic expansion.

7.2.1 Non-turbulent flow without attached fittings

The flow coefficient shall be calculated from one of the following equations:

Eq. 18 c-_W T
N,,Fz | AP (P, + P, )M
Eq. 19 c-_9 MT,

N,,Fr VAP (P, +P,)

NOTE An example of sizing a valve with small flow trim is given in Annex D.
7.2.2 Non-turbulent flow with attached fittings

For non-turbulent flow, the effect of close-coupled reducers or other flow-disturbing fittings is unknown.
While there is no information on the laminar or transitional flow behavior of control valves installed
between pipe reducers, the user of such valves is advised to utilize the appropriate equations for line-
sized valves in the calculation of the Fr factor. This should result in conservative flow coefficients since
additional turbulence created by reducers and expanders will further delay the onset of laminar flow.
Therefore, it will tend to increase the respective Fr factor for a given valve Reynolds number.
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8 Determination of correction factors
8.1 Piping geometry factor Fp

The piping geometry factor Fp is necessary to account for fittings attached upstream and/or downstream

to a control valve body. The Fp factor is the ratio of the flow rate through a control valve installed with
attached fittings to the flow rate that would result if the control valve was installed without attached fittings
and tested under identical conditions which will not produce choked flow in either installation (see

Figure 1). To meet the accuracy of the Fp factor of £5%, the Fp factor shall be determined by test in
accordance with ANSI/ISA-75.02-1996.

When estimated values are permissible, the following equation shall be used:

1
2
1425 C,
N, (d2

In this equation, the factor X¢ is the algebraic sum of all of the effective velocity head loss coefficients of
all fittings attached to the control valve. The velocity head loss coefficient of the control valve itself is not
included.

Eq. 20 F, =

Eq. 21 B0 =01+ G+ Ga —Caz

In cases where the piping diameters approaching and leaving the control valve are different, the ¢g
coefficients are calculated as follows:

d 4
Eq. 22 QB=1—(5]

If the inlet and outlet fittings are short-length, commercially available, concentric reducers, the ¢ 1 and ¢2
coefficients may be approximated as follows:

2 2
Eq. 23 Inlet reducer: :0'5[1_[Dij }
1
2 2
Eq. 24 Outlet reducer (expander): ¢, =1.0 [1—(%} ]
2
d 2
Eq. 25 Inlet and outlet reducers of equal size: ¢, +(, = 1.5{1—(5] ]

The Fp values calculated with the above ¢ factors generally lead to the selection of valve capacities
slightly larger than required. This calculation requires iteration. Proceed by calculating the flow
coefficient C for non-choked turbulent flow.

NOTE Choked flow equations and equations involving Fp are not applicable.
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Next, establish C; as follows:

Eq. 26 C, =1.3C

Using Cj from Equation 26, determine Fp from Equation 20. If both ends of the valve are the same size,
Fp may instead be determined from Figure 2. Then, determine if

Eq. 27 C <c
Fp

If the condition of Equation 27 is satisfied, then use the C; established from Equation 26. If the condition
of Equation 27 is not met, then repeat the above procedure by again increasing C; by 30%. This may
require several iterations until the condition required in Equation 27 is met. An iteration method more
suitable for computers can be found in Annex B.

For graphical approximations of Fp, refer to Figures 2a and 2b.
8.2 Reynolds number factor Fr

The Reynolds number factor Fr is required when non-turbulent flow conditions are established through a
control valve because of a low pressure differential, a high viscosity, a very small flow coefficient, or a
combination thereof.

The Fr factor is determined by dividing the flow rate when non-turbulent flow conditions exist by the flow
rate measured in the same installation under turbulent conditions.

Tests show that Fr can be determined from the curves given in Figure 3a or 3b using a valve Reynolds
number calculated from the following equation:

N,F,Q (F*C? h
Eq. 28 Re,6 = —2¢ (L i+1]

" v c,F I N,D*

This calculation will require iteration. Proceed by calculating the flow coefficient C for turbulent flow. The
valve style modifier Fq converts the geometry of the orifice(s) to an equivalent circular single flow
passage. See Table 2 for typical values and Annex A for details. To meet a deviation of £5% for Fg, the
Fq factor shall be determined by test in accordance with IEC 60534-2-3.

NOTE Equations involving Fp are not applicable.
Next, establish C; as per Equation 26.
Apply C; as per Equation 26 and determine Fr_ Fr is determined from Figure 3a for full-size trim valves.

Fr is determined from Figure 3b for reduced trim valves where C;/d 2 at rated travel is less then 0.016

N+s. Eq. 29 gSCi

R
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If the condition of Equation 29 is satisfied, then use the C; established from Equation 26. If the condition

of Equation 29 is not met, then repeat the above equation by again increasing C; by 30 percent. This may
require several iterations until the conditions required in Equation 29 are met.

The equations defining nonturbulent flow for full size and reduced trim valves are stated in Annex G.
8.3 Liquid pressure recovery factors F or FL p
8.3.1 Liquid pressure recovery factor without attached fittings F|_

FL is the liquid pressure recovery factor of the valve without attached fittings. This factor accounts for the
influence of the valve internal geometry on the valve capacity at choked flow. It is defined as the ratio of
the actual maximum flow rate under choked flow conditions to a theoretical, non-choked flow rate which
would be calculated if the pressure differential used was the difference between the valve inlet pressure

and the apparent vena contracta pressure at choked flow conditions. The factor F. may be determined
from tests in accordance with ANSI/ISA-75.02-1996. Typical values of F|_ versus percent of rated flow

coefficient are shown in Figure 4.

8.3.2 Combined liquid pressure recovery factor and piping geometry factor with attached fittings F_p

FLp is the combined liquid pressure recovery factor and piping geometry factor for a control valve with
attached fittings. It is obtained in the same manner as F|.

To meet a deviation of +5% for Fp, FLp shall be determined by testing. When estimated values are
permissible, the following equation shall be used:

FL
FLZ C 2
\/1+N2(2c1)[d2]

Here ¢ qis the velocity head loss coefficient, ¢ 1 + ¢g1, of the fitting attached upstream of the valve as
measured between the upstream pressure tap and the control valve body inlet.

Eq. 30 Flp =

8.4 Liquid critical pressure ratio factor Fg

Fr is the liquid critical pressure ratio factor. This factor is the ratio of the apparent vena contracta
pressure at choked flow conditions to the vapor pressure of the liquid at inlet temperature. At vapor
pressures near zero, this factor is 0.96.

Values of Fr may be determined from the curve in Figure 5 or approximated from the following equation:

Eq. 31 F-=0.96-0.28 /%
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8.5 Expansion factor Y

The expansion factor Y accounts for the change in density as the fluid passes from the valve inlet to the
vena contracta (the location just downstream of the orifice where the jet stream area is a minimum). It
also accounts for the change in the vena contracta area as the pressure differential is varied.
Theoretically, Y is affected by all of the following:

a) ratio of port area to body inlet area;

b) shape of the flow path;

c) pressure differential ratio x ;

d) Reynolds number; and

e) specific heat ratio y.

The influence of items a), b), ¢), and e) is accounted for by the pressure differential ratio factor x1, which
may be established by air test and which is discussed in 8.6.1.

The Reynolds number is the ratio of inertial to viscous forces at the control valve orifice. In the case of
compressible flow, its value is generally beyond the range of influence, except where the flow rate or the
Cy is very low or a combination of both exist (see 7.2 and 8.2).

The pressure differential ratio xt is influenced by the specific heat ratio of the fluid.

Y may be calculated using Equation 32.

X

Eq. 32 Y =1-
3F, Xt

The value of x for calculation purposes shall not exceed F, xt. If X > F, X7, then the flow becomes choked
and Y = 0.667. See 8.6 and 8.7 for information on x, xrand F,,

8.6 Pressure differential ratio factor x7 or xTp
8.6.1 Pressure differential ratio factor without fittings xt

xT is the pressure differential ratio factor of a control valve installed without reducers or other fittings. If
the inlet pressure P1 is held constant and the outlet pressure P2 is progressively lowered, the mass flow
rate through a valve will increase to a maximum limit, a condition referred to as choked flow. Further
reductions in P2 will produce no further increase in flow rate.

This limit is reached when the pressure differential x reaches a value of F, xt. The limiting value of x is
defined as the critical differential pressure ratio. The value of x used in any of the sizing equations and in
the relationship for Y (Equation 32) shall be held to this limit even though the actual pressure differential
ratio is greater. Thus, the numerical value of Y may range from 0.667, when x = F, xT, to 1.0 for very low
differential pressures.
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The values of xT may be established by air test. The test procedure for this determination is covered in
ANSI/ISA-75.02-1996.

NOTE Representative values of xT for several types of control valves with full size trim and at full rated openings are given in
Table 2. Caution should be exercised in the use of this information. When precise values are required, they should be obtained by
test.

8.6.2 Pressure differential ratio factor with attached fittings xtp
If a control valve is installed with attached fittings, the value of x will be affected.

To meet a deviation of 5% for x7p, the valve and attached fittings shall be tested as a unit. When
estimated values are permissible, the following equation shall be used:

X1

F,?
Eq. 33 Xipp=—————
X:Gi [ C

=

NOTE Values for N5 are given in Table 1.

1+

In the above relationship, xT is the pressure differential ratio factor for a control valve installed without
reducers or other fittings. ¢jis the sum of the inlet velocity head loss coefficients (¢ 1 + ¢p1) of the reducer
or other fitting attached to the inlet face of the valve.

If the inlet fitting is a short-length, commercially available reducer, the value of ¢ may be estimated using
Equation 23.

8.7 Specific heat ratio factor F,

The factor x7 is based on air near atmospheric pressure as the flowing fluid with a specific heat ratio of
1.40. If the specific heat ratio for the flowing fluid is not 1.40, the factor F, is used to adjust xT. Use the
following equation to calculate the specific heat ratio factor:

Eq. 34 (S

NOTE See Annex C for values of yand Fy.
8.8 Compressibility factor Z

Several of the sizing equations do not contain a term for the actual density of the fluid at upstream
conditions. Instead, the density is inferred from the inlet pressure and temperature based on the laws of
ideal gases. Under some conditions, real gas behavior can deviate markedly from the ideal. In these
cases, the compressibility factor Z shall be introduced to compensate for the discrepancy. Z is a
function of both the reduced pressure and reduced temperature (see appropriate reference books to
determine Z ). Reduced pressure Py is defined as the ratio of the actual inlet absolute pressure to the
absolute thermodynamic critical pressure for the fluid in question. The reduced temperature T, is defined
similarly. That is
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