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Preface 

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of 
ANSI/ISA-75.02.01-2008. 

This document has been prepared as part of the service of ISA towards 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 (SI) 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 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, recommended practices, and technical 
reports to the greatest extent possible.  Standard for Use of the International System of Units (SI): The 
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM SI 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 DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR 
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND 
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE 
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF 
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR 
OWN RESPONSIBILITY.  

PURSUANT TO ISA’S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT 
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS 
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A 
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE 
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS.  FOR MORE 
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR 
VISIT WWW.ISA.ORG/STANDARDSPATENTS. 

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF 
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING 
PATENTS OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR 
CONDUCTING INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR 
DETERMINING WHETHER ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION 
WITH SUBMISSION OF A LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING 
AGREEMENTS ARE REASONABLE OR NON-DISCRIMINATORY. 
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ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS 
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND 
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER. 

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

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE 
IMPACTED BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED 
THE POTENTIAL ISSUES IN THIS VERSION. 

The following people served as members of ISA Subcommittee ISA75.02 at the time of this revision: 

NAME COMPANY 

E. Skovgaard, Chairman Control Valve Solutions 
W. Weidman, Managing Director Worley Parsons 
H. Baumann H B Services Partners LLC 
H. W. Boger Masoneilan Dresser 
G. Borden Consultant 
J. Broyles Enbridge Pipelines Inc. 
C. Crawford Consultant 
T. George Richards Industries 
A. Glenn Flowserve Corporation 
G. Holloway Rawson & Company Inc. 
H. Maxwell Bechtel Power Corporation 
V. Mezzano Fluor Corporation 
M. Riveland Fisher Controls International Inc. 
J. Young The Dow Chemical Company 
 
The following people served as members of ISA Committee ISA75 at the time of this revision: 

NAME COMPANY 

J. Young, Chairman The Dow Chemical Company 
W. Weidman, Managing Director Worley Parsons 
H. Baumann H B Services Partners LLC 
J. Beall Emerson Process Management 
M. Bober Copes-Vulcan 
H. Boger Masoneilan Dresser 
G. Borden Consultant 
S. Boyle Metso Automation USA Inc. 
J. Broyles Enbridge Pipelines Inc. 
F. Cain Flowserve Corporation 
W. Cohen KBR 
R. Duimstra Fisher Controls International Inc. 
J. Faramarzi Control Components Inc. 
T. George Richards Industries 
H. Hoffmann Samson AG 
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J. Jamison Husky Energy Inc. 
A. Libke Sartell Valves Inc. 
G. Liu Syncrude Canada Ltd. 
H. Maxwell Bechtel Power Corporation 
G. McAdoo McAdoo Flow Systems Ltd. 
J. McCaskill Expro Group 
A. McCauley Chagrin Valley Controls Inc. 
R. McEver Consultant 
V. Mezzano Fluor Corporation 
H. Miller Consultant 
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This standard was approved for publication by the ISA Standards and Practices Board on  
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1 Scope 

This test standard utilizes the mathematical equations outlined in ANSI/ISA-75.01.01 (IEC 60534-2-1 
Mod)-2007, Flow Equations for Sizing Control Valves, in providing a test procedure for obtaining the 
following: 

a) Valve flow coefficient, C (Cv, Kv) 

b) Liquid pressure recovery factors, FL and FLP 

c) Reynolds Number factor, FR 

d) Liquid critical pressure ratio factor, FF 

e) Piping geometry factor, FP 

f) Pressure drop ratio factor, xT and xTP 

g) Valve style modifier, Fd 

This standard is intended for industrial process control valves used in flow control of Newtonian fluids.  
See 4.2 for more information regarding specific valve styles. 

2 Purpose 

The purpose of this standard is to support ANSI/ISA-75.01.01 (IEC 60534-2-1 Mod)-2007, Flow 
Equations for Sizing Control Valves, and ANSI/ISA-75.11.01-1985 (R2002), Inherent Flow Characteristic 
and Rangeability of Control Valves, by providing procedures for testing control valve capacity and related 
flow coefficients for both compressible and incompressible Newtonian fluids.  This standard also provides 
a procedure to evaluate the major data to calculate the coefficients. 
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3 Nomenclature 

Symbol description 

Symbol Description Unit 

C Flow coefficient (Cv, Kv) Various (see IEC 60534-1) 

(see note 4) 

d Nominal valve size mm (in) 

D Internal diameter of the piping mm (in) 

D1 Internal diameter of upstream piping mm (in) 

D2 Internal diameter of downstream piping mm (in) 

Do Orifice diameter mm (in) 

Fd Valve style modifier (see Annex A) Dimensionless (see note 4) 

FF 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 valve with attached fittings 

Dimensionless (see note 4) 

FP Piping geometry factor Dimensionless 

FR Reynolds number factor Dimensionless 

Fγ Specific heat ratio factor Dimensionless 

Gg Gas specific gravity (ratio of density of flowing gas to density of air with 
both at 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 

Dimensionless 

M Molecular mass of flowing fluid kg/kg-mol (lb/lb-mol) 

N Numerical constants (see Table 3) 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) 

Pv Absolute vapor pressure of the liquid at inlet temperature kPa or bar (psia) 

ΔP Differential pressure between upstream and downstream pressure taps 
(P1 – P2) 

kPa or bar (psi) 

Q Volumetric flow rate (see note 5) m3/h (gpm, scfh) 

Qmax Maximum flow (choked flow conditions) at given upstream condition m3/h (gpm, scfh) 

Rev Valve Reynolds number Dimensionless 

T1 Inlet absolute temperature K (°R) 

Tc Absolute thermodynamic critical temperature K (°R) 

ts Absolute reference temperature for standard cubic meter K (°R) 

W Mass flow rate kg/h (lbs/h) 

x Ratio of pressure differential to inlet absolute pressure (ΔP /P1) Dimensionless 

xT Pressure differential ratio factor of a control valve without attached fittings 
at choked flow 

Dimensionless (see note 4)  
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Symbol Description Unit 

xTP Pressure differential ratio factor of a control valve with attached fittings at 
choked flow 

Dimensionless (see note 4) 

Y Expansion factor Dimensionless 

v Kinematic viscosity m2/s (cS) (see note 3) 

ρ1 Density of fluid at P1 and T1 kg/m3 (lb/ft3) 

ρ1/ρo Relative density (ρ1/ρo = 1.0 for water at 15°C) Dimensionless 

γ Specific heat ratio Dimensionless 

   

Subscripts 

1 Upstream conditions 

2 Downstream conditions 

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 3. 

NOTE 2 — 1 bar = 102 kPa = 105 Pa 

NOTE 3 — 1 centistoke = 10–6 m
2
/s 

NOTE 4 — These values are travel-related and shall 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 288.6 K (see Table 3). 
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4 Test system 

4.1 General description 

A basic flow test system as shown in Figure 1 includes 

a) test specimen; 

b) test section; 

c) throttling valves; 

d) flow-measuring device; 

e) pressure taps; and 

f) temperature sensor. 

 

 

Figure 1 — Basic flow test system 

4.2 Test specimen 

The test specimen is any valve or combination of valve, pipe reducer, and expander or other devices 
attached to the valve body for which test data are required.  See Annex B for additional examples of test 
specimens representative of typical field installations. 

Additional considerations apply when testing certain styles of control valves.  (1) Fractional C (Cv, Kv) 
valves (valves where C < 1.00) require the procedures outlined in Annex D if fully turbulent flow cannot be 
established because of either high viscosity or low velocities or both.  (2) Line-of-sight (e.g., rotary) valves 
may produce free jets in the downstream test section impacting the location of the pressure recovery 
zone.  See 4.11 for expected accuracies. 
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Physical or computer based modeling of control valves as the basis for flow coefficient determination is 
outside the scope of this standard1.   

4.3 Test section 

The upstream and downstream piping adjacent to the test specimen should conform to the nominal size 
of the test specimen connection and to the length requirements of Figure 2. 

The piping on both sides of the test specimen should be Schedule 40 pipe for valves through 250-mm  
(10-in.) size having a pressure rating up to and including ANSI Class 600.  Pipe having 10-mm (0.375-in.) 
wall may be used for 300-mm (12-in.) through 600-mm (24-in.) sizes.  An effort should be made to match 
the inside diameter at the inlet and outlet of the test specimen with the inside diameter of the adjacent 
piping for valves outside the above limits. 

The inside diameter (D1, D2) of the pipe normally should be within ± 2 % of the actual inside diameter of 
the inlet and outlet of the test specimen for all valve sizes. As the C/d2 ratio (of the test valve) increases, 
the mismatch in diameters becomes more problematic. Potential pressure losses associated with the inlet 
and outlet joints become significant in comparison to the loss associated the valve.  Also, as significant 
discontinuity at the valve outlet could affect the downstream (P2) pressure measurement. One indication 
of the significance of mismatched diameters is the value of the piping geometry factor (FP) based on the 
internal diameters.  This value approaches unity for a standard test, i.e., for equal line and specimen 
inside diameters.  Therefore, to ensure the proper accuracy for the test it shall be demonstrated by either 
calculation or test that 0.99 ≤ FP ≤ 1.01.  If FP < 0.99 it shall be so noted in the test data (see 6.1.5 or 
8.1.5). See Annex F for a sample calculation. 

The inside surfaces shall be reasonably free of flaking rust or mill scale and without irregularities that 
could cause excessive fluid frictional losses. 

4.4 Throttling valves 

The upstream and downstream throttling valves are used to control the pressure differential across the 
test section pressure taps and to maintain a specific downstream pressure.  There are no restrictions as 
to style of these valves.  However, the downstream valve should be of sufficient capacity to ensure that 
choked flow can be achieved at the test specimen for both compressible and incompressible flow.  
Vaporization at the upstream throttling valve must be avoided when testing with liquids. 

                                                      

1 When modeling it is incumbent on the practitioner to utilize sound modeling techniques, to validate the 
model and scaling relationships to actual flow data, and to document the nature of the model. 
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Figure 2 ⎯ Piping requirements, standard test section 

4.5 Flow measurement 

The flow-measuring instrument may be any device that meets specified accuracy.  The accuracy rating of 
the instrument shall be ± 2 percent of actual output reading.  The resolution and repeatability of the 
instrument shall be within ± 0.5 percent.  The measuring instrument shall be calibrated as frequently as 
necessary to maintain specified accuracy.  All guidelines specific to the flow-measuring instrument 
regarding flow conditioning (e.g., the number of straight pipe diameters, upstream and downstream of the 
instrument, etc.) shall be followed. 

4.6 Pressure taps 

Pressure taps shall be provided on the test section piping in accordance with the requirements listed in 
Figure 2.  These pressure taps shall conform to the construction illustrated in Figure 3. 

Orientation: 

Incompressible fluids — Tap center lines shall be located horizontally to reduce the possibility of 
air entrapment or dirt collection in the pressure taps. 

Compressible fluids — Tap center lines shall be oriented horizontally or vertically above pipe to 
reduce the possibility of dirt or condensate entrapment. 

For butterfly and other rotary valves, the pressure taps shall be aligned (parallel) to the main shaft of the 
valve to reduce the effect of the velocity head of the flowing fluid on the pressure measurement. 

Multiple pressure taps can be used on each test section for averaging pressure measurements.  Each tap 
must conform to the requirements in Figure 3. 

See 4.10 for other installation guidelines. 
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 A A 

Size of pipe Not exceeding Not less than 

Less than 50 mm (2 in.) 6 mm (1/4 in.) 3 mm (1/8 in.) 

50 mm to 75 mm (2 to 3 in.) 9 mm (3/8 in.) 3 mm (1/8 in.) 

100 mm to 200 mm (4 to 8 in.) 13 mm (1/2 in.) 3 mm (1/8 in.) 

250 mm and greater (10 in. and greater) 19 mm (3/4 in.) 3 mm (1/8 in.) 

* Edge of hole must be clean and sharp (i.e., check for corrosion and/or erosion) or slightly rounded, free from burrs, wire edges 
or other irregularities. In no case shall any fitting protrude inside the pipe. 

 Any suitable method of making the physical connection is acceptable if above recommendations are adhered to. 

MINIMUM 2.5A 
RECOMMENDED 5A

A

 

Reference: ASME Performance Test Code PTC 19.5-1972, "Applications. Part II of Fluid Meters, Interim Supplement on Instruments 
and Apparatus." 

Figure 3 ⎯ Recommended pressure connection 

4.7 Pressure measurement 

All pressure and pressure differential measurements shall be made using instruments with an accuracy 
rating of ± 2 percent of actual output reading.  Pressure-measuring devices shall be calibrated as 
frequently as necessary to maintain specified accuracy. 

If individual pressure measurements (P1, P2) are used in lieu of a single differential pressure 
measurement (ΔP), care must be taken to select instruments which are accurate enough that the 
calculated pressure differential value (P1 - P2) is known with an accuracy at least as good as the accuracy 
rating stated above for pressure differential measurements. 

4.8 Temperature measurement 

The fluid temperature shall be measured using an instrument with an accuracy rating of ± 1 °C (± 2 °F) of 
actual output reading. 
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The inlet fluid temperature shall remain constant within ± 3 °C (± 5 °F) during the test run to record data 
for each specific test point. 

4.9 Travel measurement 

The accuracy rating of the travel-measuring instrument shall be ± 0.5 percent of rated travel. 

4.10 Installation of test specimen 

The alignment between the center line of the test section piping and the center line of the inlet and outlet 
of the test specimen shall be as follows: 

Table 1 ⎯ Test specimen alignment 

Pipe Size Allowable Misalignment 

15 mm thru 25 mm 

(1/2 in. thru 1 in.) 

0.8 mm 

(1/32 in.) 

32 mm thru 150 mm 

(1-1/4 in. thru 6 in.) 

1.6 mm 

(1/16 in.) 

200 mm and larger 

(8 in. and larger) 
1 percent of the diameter 

 

Each gasket shall be positioned so that it does not protrude into the flow stream. 

4.11 Accuracy of test 

Valves having an 0470
dN

C
2

18

.<  at tested travel and xT < 0.84 will have a calculated flow coefficient,  

C (Cv, Kv) of the test specimen within a tolerance of ± 5 percent.  The tolerance for valves that do not 
meet these criteria may exceed 5%.  These accuracy statements apply when fully turbulent flow can be 
established.  See Annex D for further information when this is not the case.   

See cautions presented in 4.2. 

5 Test fluids 

5.1 Incompressible fluids 

Fresh water or some other incompressible fluid shall be the basic fluid used in this procedure.  Inhibitors 
may be used to prevent or retard corrosion and to prevent the growth of organic matter.  The effect of 
additives on density or viscosity shall be evaluated by computation using the equations in this standard.  
The sizing coefficient shall not be affected by more than 0.1 percent. Test fluids other than fresh water 
may be required for obtaining FR and FF.  Test fluid temperature range for fresh water should be 5 °C  
(41 °F) to 40 °C (104 °F). 
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