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 Preface

This preface, as well as all footnotes and annexes, is included for informational purposes and is 
not part of ANSI/ISA-75.01-1985 (R1995).

This standard has been prepared as part of the service of the ISA, the international society for 
measurement and control, 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) 990-9227; 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 (SI) in particular, in the 
preparation of instrumentation standards, recommended practices, and technical reports.  The 
Department is further aware of the benefits to USA users of ISA standards of incorporating 
suitable references to the SI (and the metric system) in their business and professional dealings 
with other countries.  Toward this end, this Department will endeavor to introduce SI-acceptable 
metric units in all new and revised standards to the greatest extent possible.  The Metric Practice 
Guide, which has been published by the Institute of Electrical and Electronics Engineers as 
ANSI/IEEE Std 268-1992, 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.
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ANSI/ISA-75.01-1985 (R1995) 3

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
K. Schoonover Con-Tek
J. Simonsen Valtek, Inc.
H. Sonderregger ITT Grinnell Corporation
F. Volpe Masoneilan Division, McGraw-Edison Company
W. Weidman Gilbert Commonwealth, Inc.
L. Zinck Union Carbide Corporation

The following people served as members of ISA Subcommittee SP75.01, who reaffirmed 
ISA-S75.01 in 1995:

NAME COMPANY

H. Boger Masoneilan/Dresser
W. Weidman Consultant
H. Baumann H. D. Baumann Inc.
G. Borden, Jr. Consultant
B. Bosserman Boyle Engineering Corporation
S. Boyle Neles-Jamesbury, Inc.
R. Brodin Fisher Controls International, Inc.
L. Driskell Consultant
A. Dvorak Fisher Controls International, Inc.
J. George Richards Industries
A. Glenn Valtek
L. Griffith Retired
H. Hoffmann Samson AG
P. Mariam FlowSoft, Inc.
A. McCauley, Jr. Chagrin Valley Controls, Inc.
J. Ozol Commonwealth Edison
W. Rahmeyer Utah State University
J. Reid Cashco, Inc.
M. Riveland Fisher Controls International, Inc.
K. Schoonover Con-Tek
D. Van Staveren Bechtel
F. Volpe Masoneilan

The following people served as original members of ISA Subcommittee SP75:

NAME COMPANY

L. Driskell, Chairman Consultant
R. Terhune, Vice-Chairman Consultant
K. Schoonover, Secretary Con-Tek
J. Arant E. I. du Pont de Nemours and Company, Inc.
H. Backinger John F. Kraus & Company
G. Barb Muesco, Inc.
H. Baumann H. D. Baumann Associates, Ltd.
4 ANSI/ISA-75.01-1985 (R1995)

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
*C. Beard  
N. Belaef Consultant
G. Borden Bechtel Power Corporation
**R. Brodin Fisher Controls International, Inc.
E. Brown Dravo Engineers, Inc.
E. Cooney Air Products & Chemicals, Inc.
W. Dewart Rockwell International
J. Emery Honeywell, Inc.
H. Fuller Worcester Controls Corporation
L. Griffith Consultant
A. Hanssen Fluid Controls Institute, Inc.
F. Harthun Fisher Controls International, Inc.
H. Illing Kieley & Mueller, Inc.
R. Jones Upjohn Company
M. Kaye M. W. Kellogg Company
R. Louviere Creole Engineering
O. Lovett, Jr. ISIS Corporation
A. McCauley Chagrin Valley Controls, Inc.
T. Molloy Pacific Gas & Electric
J. Muller Leslie Company
H. Nickerson Resistoflex Company
J. Ozol Omaha Public Power Company
R. Quance Walsh Inc.
W. Rahmeyer Colorado State University
J. Reed Masoneilan Division, McGraw-Edison Company
G. Richards Jordan Valve Div., Richards Industries, Inc.
J. Rosato Rawson Company
H. Schwartz Flexible Valve Corporation
**W. Scull Leslie Company
F. Seger Willis Division, Smith International, Inc.
J. Simonsen Valtek, Inc.
H. Sonderregger ITT Grinnell Corporation
N. Sprecher DeZurik
R. Stanley Retired
**G. Stiles Fisher Controls International, Inc.
R. Tubbs Copes-Vulcan
W. Weidman Gilbert Commonwealth, Inc.
R. Widdows Cashco, Inc.
L. Zinck Union Carbide Corporation

*Deceased
**One vote per company
ANSI/ISA-75.01-1985 (R1995) 5

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
The following people served as members of ISA Committee SP75, who reaffirmed ISA-S75.01 
in 1995:

NAME COMPANY

*D. Buchanan, Chairman Union Carbide Corporation
W. Weidman, Managing Director Consultant
K. Schoonover, Secretary Con-Tek
*T. Abromaitis Red Valve, Inc.
J. Addington Fluid Controls Institute
H. Backinger J. F. Kraus & Company
G. Baenteli Bechtel
G. Barb Consultant
H. Baumann H. D. Baumann Inc.
K. Black Cashco, Inc.
H. Boger Masoneilan/Dresser
G. Borden, Jr. Consultant
S. Boyle Neles-Jamesbury, Inc.
R. Brodin Fisher Controls International, Inc.
F. Cain Valtek, Inc.
C. Corson Fluor Daniel, Inc.
*C. Crawford Union Carbide Corporation
L. Driskell Consultant
*J. Duhamel Red Valve Company, Inc.
H. Fuller Consultant
*J. George Richards Industries, Inc.
L. Griffith Consultant
B. Hart M. W. Kellogg Company
F. Harthun Consultant
B. Hatton Honeywell, Inc.
R. Jeanes TU Electric
C. Koloboff Chevron Research & Technology Company
G. Kovecses Yarway Corporation
C. Langford Consultant
J. Leist Dow Chemical USA
A. Libke DeZurik Valve Company
R. Louviere Creole Engineering Sales Company
O. Lovett, Jr. Consultant/Retired
A. McCauley, Jr. Chagrin Valley Controls, Inc.
H. Miller Control Components, Inc.
T. Molloy CMES
L. Ormanoski Frick Company
J. Ozol Commonwealth Edison
W. Rahmeyer Utah State University

*One vote per company
6 ANSI/ISA-75.01-1985 (R1995)

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
J. Reed Norriseal
*G. Richards Richards Industries, Inc.
A. Shea Copes-Vulcan, Inc.
E. Skovgaard Leslie Controls
H. Sonderegger Grinnell Corporation
R. Terhune Cranmoor
R. Tubbs Consultant

This published standard was approved for publication by the ISA Standards and Practices Board 
on October 18, 1995.

NAME COMPANY

M. Widmeyer, Vice President The Washington Public Power Supply System
H. Baumann H. D. Baumann Inc.
D. Bishop Chevron USA Production Company
P. Brett Honeywell, Inc.
W. Calder III Calder Enterprises
H. Dammeyer The Ohio State University
R. Dieck Pratt & Whitney
W. Holland Southern Co. Services Inc.
A. Iverson Lyondell Petrochemical Company
K. Lindner Endress + Hauser GmbH + Company
T. McAvinew Metro Wastewater Reclamation District
A. McCauley, Jr. Chagrin Valley Controls, Inc.
G. McFarland Honeywell Ind. Automation & Control
E. Montgomery Fluor Daniel, Inc.
D. Rapley Rapley Engineering Services
R. Reimer Rockwell Automation A-B
R. Webb Pacific Gas & Electric Company
W. Weidman Consultant
J. Weiss Electric Power Research Institute
J. Whetstone National Institute of Standards & Technology
H. R. Wiegle Canus Corp
C. Williams Eastman Kodak Company
G. Wood Graeme Wood Consulting
M. Zielinski Fisher�Rosemount

*One vote per company
ANSI/ISA-75.01-1985 (R1995) 7

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full document details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
 Contents

1 Scope ................................................................................................................................11
2 Introduction ......................................................................................................................11

2.1 Flow variables and fluid properties ........................................................................ 11

3 Nomenclature .................................................................................................................. 12
4 Incompressible fluid — flow of nonvaporizing liquid................................................... 13

4.1 Equations for turbulent flow ................................................................................... 14
4.2 Numerical constants N .......................................................................................... 14
4.3 Piping geometry factor Fp ....................................................................................... 15
4.4 Equations for nonturbulent flow ............................................................................. 16

5 Incompressible fluid — choked flow of vaporizing liquid............................................ 17
5.1 Liquid choked flow equations ................................................................................ 18
5.2 Liquid pressure recovery factor FL ......................................................................... 19
5.3 Combined liquid pressure recovery factor FLP ....................................................... 20

6 Compressible fluid — flow of gas and vapor ............................................................... 20
6.1 Equations for turbulent flow ................................................................................... 21
6.2 Numerical constants N .......................................................................................... 21
6.3 Expansion factor Y ................................................................................................ 22
6.4 Choked flow ........................................................................................................... 23
6.5 Pressure drop ratio factor xT .................................................................................. 23
6.6 Pressure drop ratio factor with reducers or other fittings xTP ................................. 23
6.7 Ratio of specific heats factor Fk .............................................................................. 23
6.8 Compressibility factor Z ......................................................................................... 24

Annexes
A — Use of flow rate equations for sizing valves ................................................................. 25
B — Derivation of factors Fp and FLP .................................................................................... 27
C — Control valve-piping system head changes ................................................................. 30
D — Representative values of valve capacity factors .......................................................... 33
E — Reynolds number factor FR .......................................................................................... 35
F — Equations for nonturbulent liquid flow .......................................................................... 39
G — Liquid critical pressure ratio factor FF ........................................................................... 43
H — Derivation of factor xTP .................................................................................................. 45
I  — Control valve flow equations — SI notation (International System of Units) ................ 47
J — References .................................................................................................................. 49
ANSI/ISA-75.01-1985 (R1995) 9

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
Figures
1  — Reynolds number factor............................................................................................. 17
2  — Liquid flow rate versus pressure drop for a typical valve 

  (constant upstream pressure and vapor pressure) .................................................... 18
C-1 — Head changes in a control valve-piping system ........................................................ 32
E-1 — Reynolds number factor for valve sizing.................................................................... 36

Tables
1  — Numerical constants for liquid flow equations............................................................ 14
2  — Numerical constants for gas and vapor flow equations ............................................. 22
C-1 — Definitions of head terms........................................................................................... 31
D-1 — Representative values of valve capacity factors........................................................ 33
E-1 — Reynolds number factor FR for transitional flow......................................................... 38
10 ANSI/ISA-75.01-1985 (R1995)

t details: ISA 75.01 1995

http://www.avadocuments.com/doc/isa-75-01-1995
http://www.avadocuments.com/doc/isa-75-01-1995


Full documen
1  Scope

This standard presents equations for predicting the flow of compressible and incompressible 
fluids through control valves. The equations are not intended for use when mixed-phase fluids, 
dense slurries, dry solids, or non-Newtonian liquids are encountered.  In addition, the prediction 
of cavitation, noise, or other effects is not a part of this standard.

2  Introduction

The equations of this standard are based on the use of experimentally determined capacity 
factors obtained by testing control valve specimens according to the procedures of ANSI/ISA 
S75.02, “Control Valve Capacity Test Procedure” (see Annex J—References).

The equations are used to predict the flow rate of a fluid through a valve when all the factors, 
including those related to the fluid and its flowing condition, are known.  When the equations are 
used to select a valve size, it is often necessary to use capacity factors associated with the fully 
open or rated condition to predict an approximate required valve flow coefficient (Cv).  This 
procedure is further explained in Annex A.

2.1  Flow variable and fluid properties
The flow rate of a fluid through a control valve is a function of the following (where applicable):

a)  Inlet and outlet conditions

1)  Pressure
2)  Temperature
3)  Piping geometry

b)  Liquid properties

1)  Composition
2)  Density
3)  Vapor pressure
4)  Viscosity
5)  Surface tension
6)  Thermodynamic critical pressure

c)  Gas and vapor properties

1)  Composition
2)  Density
3)  Ratio of specific heats

d)  Control valve properties

1)  Size
2)  Valve travel
3)  Flow path geometry
ANSI/ISA-75.01-1985 (R1995) 11
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3  Nomenclature

Symbol Description

Cv Valve flow coefficient
d Valve inlet diameter
D Internal diameter of the pipe
Fd Valve style modifier
FF Liquid critical pressure ratio factor, dimensionless
Fk Ratio of specific heats factor, dimensionless
FL Liquid pressure recovery factor of a valve without attached 

fittings, dimensionless
FLP Product of the liquid pressure recovery factor of a valve with 

attached fittings (no symbol has been identified) and the piping 
geometry factor, dimensionless

FP Piping geometry factor, dimensionless
FR Reynolds number factor, dimensionless
Fs Laminar, or streamline, flow factor, dimensionless
g Local acceleration of gravity
Gf Liquid specific gravity at upstream conditions [ratio of density of 

liquid at flowing temperature to density of water at 60°F (15.6°C)], 
dimensionless

Gg Gas specific gravity (ratio of density of flowing gas to density of 
air with both at standard conditions, which is equal to the ratio of 
the molecular weight of gas to the molecular weight of air), 
dimensionless

k Ratio of specific heats, dimensionless
K Head loss coefficient of a device, dimensionless
KB Bernoulli coefficient, dimensionless
Ki Velocity head factors for an inlet fitting, dimensionless
M Molecular weight, atomic mass units
N , N , etc. Numerical constants for units of measurement used
p Upstream absolute static pressure, measured two nominal pipe 

diameters upstream of valve-fitting assembly
p Downstream absolute static pressure, measured six nominal 

pipe diameters downstream of valve-fitting assembly
�p Pressure differential, p  – p
pc Absolute thermodynamic critical pressure
pr Reduced pressure, dimensionless
pv Absolute vapor pressure of liquid at inlet temperature
pvc Apparent absolute pressure at vena contracta
q Volumetric flow rate
q Maximum flow rate (choked flow conditions) at a given upstream 

condition
12 ANSI/ISA-75.01-1985 (R1995)
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Symbol Description

Rev Valve Reynolds number, dimensionless
Tr Reduced temperature, dimensionless
Tc Absolute thermodynamic critical temperature
T Absolute upstream temperature (in degrees K or R)
U Velocity at valve inlet
w Weight or mass flow rate
x Ratio of pressure drop to absolute inlet pressure (�p/p1), 

dimensionless
xT Pressure drop ratio factor, dimensionless
xTP Value of xT for valve-fitting assembly, dimensionless
Y Expansion factor, ratio of flow coefficient for a gas to that for a 

liquid at the same Reynolds number, dimensionless
Z Compressibility factor, dimensionless
�1 (gamma) Specific weight, upstream conditions
� (mu) Viscosity, absolute
� (nu) Kinematic viscosity, centistokes
� (rho) Density

Subscripts
Upstream conditions
Downstream conditions

s Nonturbulent
t Turbulent

4  Incompressible fluid — flow of nonvaporizing liquid

The flow rate of a liquid through a given control valve at a given travel is a function of the 
differential pressure (p1 – p2) when the liquid does not partially vaporize between the inlet and 
outlet of the valve.  If vapor bubbles form either temporarily (cavitation) or permanently (flashing), 
this relationship may no longer hold. (Refer to Section 5 for choked flow equations that apply 
when extensive vaporization occurs.) In the transitional region between nonvaporizing liquid flow 
and fully choked flow, the actual flow rate is less than that predicted by either the equations in this 
section or those in Section 5. Cavitation that occurs in this transitional region can produce 
physical damage to the valve and/or to the downstream piping and equipment.
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4.1  Equations for turbulent flow
The equations for determining the flow rate of a liquid through a valve under turbulent, 
nonvaporizing flow conditions are:

4.2  Numerical constants N
The numerical constants N are chosen to suit the measurement units used in the equations.  
Values for N are listed in Table 1.

Table 1 — Numerical constants for liquid flow equations

Constant Units Used in Equations
N w q p, �p d, D �1 �

N1 0.0865 — m3/h kPa — — —

 0.865 — m3/h bar — — —

 1.00 — gpm psia — — —
N2 0.00214 — — — mm — —

 890 — — — in — —
N4 76 000 — m3/h — mm — centistokes*

 17 300 — gpm — in — centistokes*
N6 2.73 kg/h — kPa — kg/m3 —

 27.3 kg/h — bar — kg/m3 —

 63.3 lb/h — psia — lb/ft3 —

*To convert m2/s to centistokes, multiply m2/s by 106. To convert centipoises to centistokes, divide centipoises by Gf .

or (Eq. 1)

or (Eq. 2)

q N F Cv
p p–

Gf
-----------------=

C
q

N F
-------------

Gf

p p–
-----------------=

w N F C p p–� ��=

C w
N F p p–� ��
---------------------------------------------=
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4.3  Piping geometry factor Fp
The piping geometry factor Fp accounts for fittings attached to either the valve inlet or the outlet 
that disturb the flow to the extent that valve capacity is affected.  Fp is actually the ratio of the flow 
coefficient of a valve with attached fittings to the flow coefficient (Cv) of a valve installed in a 
straight pipe of the same size as the valve.

For maximum accuracy, Fp must be determined by the test procedures specified in ANSI/ISA 
S75.02 (see Annex J—References). Where estimated values are permissible (see Baumann 
reference, Effect of Pipe Reducers on Control Valve Capacity), Fp may be determined by using 
the following equation:

 (Eq. 3)

(See Annex B for the mathematical derivation of Fp .)

In many instances, the nominal sizes for valve and pipe (d and D) may be used in Equations 3, 5, 
6, and 7 without significant error.

The factor �K is the algebraic sum of the effective velocity head coefficients of all fittings attached 
to but not including the valve.  For instance,

(Eq. 4)

where K  and K  are the resistance coefficients of the inlet and outlet fittings, respectively, and K  
and K  are the Bernoulli coefficients for the inlet and outlet fittings, respectively.  The Bernoulli 
coefficients compensate for the changes in pressure resulting from differences in stream area 
and velocity.

When the diameters of the inlet and outlet fittings are identical, K  = K , both factors drop out of 
the equation. When the diameters of the inlet and outlet fittings are different, KB is calculated as 
follows:

(Eq. 5)

The fittings most commonly encountered are standard, short-pattern concentric pipe reducers.  
These fittings have little taper, and their pressure loss will not exceed that of an abrupt 
contraction with a slightly rounded entrance.  On that basis, if experimental values for the 
resistance coefficients K  and K are unavailable, estimated values may be computed as follows:

Inlet reducer only:

(Eq. 6)

Outlet increaser only:

(Eq. 7)

Fp
�KCv

N d
--------------- +
� �
� �
	 
 �–

=

�K K K KB KB–+ +=

KB 1 d
D
----� �
	 
–=

K d
D
------–

� �
� �
	 
 2

=

K d
D
-------–

� �
� �
	 
�

=
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When the reducer and increaser are the same size:

(Eq. 8)

(See Annex C for a graphic representation of system head changes around a valve with attached 
reducers.)

4.4  Equations for nonturbulent flow
Nonturbulent flow occurs at high fluid viscosities and/or low velocities.  In these circumstances, 
the flow rate through a valve is less than for turbulent flow, and the Reynolds number factor FR 

must be introduced. FR is the ratio of nonturbulent flow rate to the turbulent flow rate predicted by 
Equations 1 or 2. The corresponding nonturbulent equations then become, 
respectively:

Note the absence of the piping geometry factor in the above equations.  For nonturbulent flow, 
the effect of close-coupled reducers or other flow-disturbing fittings is unknown.  Thus, Equation 
3 applies to turbulent flow only.

Tests (see Stiles reference, Liquid Viscosity Effects on Control Valve Sizing, and McCutcheon 
reference, A Reynolds Number for Control Valves) show that FR can be found by using the valve 
Reynolds number and Figure 1. The shading around the central curve indicates the scatter of 
test data and the range of uncertainty of flow rate prediction in the nonturbulent regimes.

The valve Reynolds number is defined as:

(Eq. 11)

The valve style modifier Fd in Equation 11 correlates data from tests of several valve styles with 
different hydraulic radii, so that a single curve represents all the styles tested. (See Annex D for 
representative values of Fd .) Caution must be used in applying the curve in Figure 1 to valve 
styles for which Fd has not been established.

K K+ d
D
-------–

� �
� �
	 


=

or (Eq. 9)

or (Eq. 10)

q N FRCv
p p–

Gf
-----------------=

Cv
q

N FR
--------------

Gf
p p–
-----------------=

w N FRCv p p–� ��=

Cv
w

N FR p p–� ��
----------------------------------------------=

Rev
N4Fd q

�FL
/ Cv

/
------------------------

FLCv

N d
-------------- +
� �
� �
	 
 �

=
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