
ASHRAE  STANDARDASHRAE  STANDARD

ANSI/ASHRAE Standard 41.9-2011
(Supersedes ANSI/ASHRAE Standard 41.9-2000 [RA 2006])

Standard Methods for 
Volatile-Refrigerant 
Mass Flow 
Measurements 
Using Calorimeters
This standard was approved by the ASHRAE Standards Committee on January 29, 2011; by the ASHRAE
Board of Directors on February 2, 2011; and by the American National Standards Institute on February 3, 2011.

ASHRAE Standards are scheduled to be updated on a five-year cycle; the date following the standard number
is the year of ASHRAE Board of Directors approval. The latest edition of an ASHRAE Standard may be pur-
chased on the ASHRAE Web site (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle,
NE, Atlanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 404-321-5478. Telephone: 404-636-8400
(worldwide) or toll free 1-800-527-4723 (for orders in US and Canada). For reprint permission, go to
www.ashrae.org/permissions.

© 2011 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

ISSN 1041-2336

American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.

1791 Tullie Circle NE, Atlanta, GA 30329
www.ashrae.org

This is a preview of "ANSI/ASHRAE 41.9-201...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASHRAE/ANSIASHRAE412011?source=preview


ASHRAE Standard Project Committee 41
Cognizant TC: TC 1.2, Instruments and Measurements 

Co-Cognizant Sub-TCs: TC 1.1, Thermodynamics and Psychrometrics, 
and TC 8.1, Positive Displacement Compressors

SPLS Liaison: Byron W. Jones

*Denotes members of voting status when the document was approved for publication

Patrick E. Collins, Chair of SSPC 41* John Lloyd Neel
Mark Kedzierski, Vice-Chair and Secretary* Kevin Brent Peck*
Richard L. Hall, Chair of 41.9 Subcommittee* John P. Scott*
Shane J. Angle Michael E. Shows*
B. Terry Beck* Frank J. Spevak*
Matthew T. Irons Michael A. Wegenka
Alexander Leyderman* Charles C. Wright*
B. Ronald Moncrief*

SPECIAL NOTE
This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of the American

Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined by the American National Standards
Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached by
directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily unanimity.
Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.” Compliance with this
standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public review.
ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project

Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all
must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project
Committees. 

The Manager of Standards of ASHRAE should be contacted for:
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.

DISCLAIMER
ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and

accepted industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components,
or systems tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its
Standards or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating
purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing
other information that may serve to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them,
and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied,
that the product has been approved by ASHRAE.

ASHRAE STANDARDS COMMITTEE 2010–2011

Stephanie Reiniche, Manager of Standards

H. Michael Newman, Chair Allan B. Fraser Janice C. Peterson

Carol E. Marriott, Vice-Chair Krishnan Gowri Douglas T. Reindl

Douglass S. Abramson Maureen Grasso Boggarm S. Setty
Karim Amrane Cecily M. Grzywacz James R. Tauby
Robert G. Baker Richard L. Hall James K. Vallort
Hoy R. Bohanon, Jr. Nadar R. Jayaraman William F. Walter
Steven F. Bruning Byron W. Jones Michael W. Woodford
Kenneth W. Cooper Jay A. Kohler Craig P. Wray
Martin Dieryckx Frank Myers Hugh F. Crowther, BOD ExO

William P. Bahnfleth, CO

This is a preview of "ANSI/ASHRAE 41.9-201...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASHRAE/ANSIASHRAE412011?source=preview


CONTENTS

ANSI/ASHRAE Standard 41.9-2011,
Standard Methods for Volatile-Refrigerant Mass Flow Measurements Using Calorimeters

SECTION PAGE

Foreword....................................................................................................................................................................2

1  Purpose .......................................................................................................................................................... 2

2  Scope ............................................................................................................................................................. 2

3  Definitions....................................................................................................................................................... 2

4  Classifications................................................................................................................................................. 3

5  Requirements ................................................................................................................................................. 3

6  Instruments..................................................................................................................................................... 4

7  Secondary Refrigerant Calorimeter Method................................................................................................... 5

8  Secondary Fluid Calorimeter Method............................................................................................................. 6

9  Primary Refrigerant Calorimeter Method........................................................................................................ 8

10  Condenser Calorimeter Method.................................................................................................................... 10

11  Lubrication Circulation Measurements ......................................................................................................... 11

12  Uncertainty Calculations ............................................................................................................................... 13

13  Test Report ................................................................................................................................................... 14

14  References ................................................................................................................................................... 15

Informative Appendix A: Error Analysis for an Evaporator Calorimeter .............................................................. 15

Informative Appendix B: Example of Uncertainty Estimate for a Secondary Refrigerant Calorimeter
or a Primary Refrigerant Calorimeter .............................................................................................. 17

Informative Appendix C: Example of Uncertainty Estimate for a Condenser Calorimeter.................................. 18

NOTE

Approved addenda, errata, or interpretations for this standard can be downloaded free of charge from the ASHRAE 
Web site at www.ashrae.org/technology.

© 2011 American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.

1791 Tullie Circle NE
Atlanta, GA 30329
www.ashrae.org

All rights reserved.

            © American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org).  For personal use only. 
Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE’s prior written permission.This is a preview of "ANSI/ASHRAE 41.9-201...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASHRAE/ANSIASHRAE412011?source=preview


2 ANSI/ASHRAE Standard 41.9-2011

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

Originally published in 1989, ASHRAE Standard 41.9
was thoroughly revised in 2000, was reaffirmed in 2006, and
has been updated and improved in this edition. The 2000 edi-
tion of the standard expanded its scope to include zeotropic
refrigerant blends, reorganized the test methods according to
calorimeter types for ease of use, and added information and
illustrative examples regarding measurement uncertainty cal-
culations. This revision of the standard updates the 2006 edi-
tion by citing the most recent reference sources, by making
procedural revisions to the lubricant circulation rate measure-
ment in Section 11, and by other revisions to bring this stan-
dard into compliance with ASHRAE’s mandatory language
requirement. Various minor changes make it more usable and
easier to read.

1. PURPOSE

This standard provides recommended practices for
measuring the mass flow rate of volatile refrigerants using
calorimeters.

2. SCOPE

2.1 This standard applies to the measurement of the flow of
a volatile refrigerant in the following cases:

a. where the entire flow stream of the volatile refrigerant
enters the calorimeter as a subcooled liquid and leaves as
a superheated vapor (evaporator-type), and

b. where the entire flow stream of the volatile refrigerant
enters the calorimeter as a superheated vapor and leaves
as a subcooled liquid (condenser-type).

2.2 This standard applies to all of the refrigerants listed in
ANSI/ASHRAE Standard 34, Designation and Safety Classi-
fication of Refrigerants.1

3. DEFINITIONS

The following definitions apply to the terms used in this
standard. Additional definitions are given in ASHRAE Termi-
nology of Heating, Ventilation, Air Conditioning, & Refriger-
ation.2

azeotropic refrigerant: an azeotropic blend contains two or
more refrigerants whose equilibrium vapor-phase and liquid-
phase compositions are the same at a given pressure. The
temperature of an azeotropic refrigerant remains constant as it
evaporates or condenses at constant pressure (compare to
zeotropic refrigerant).

bubble-point temperature: a liquid-vapor equilibrium point
for a volatile pure liquid or for a multi-component mixture of
miscible, volatile pure component liquids, in the absence of
noncondensables, where the temperature of the mixture at a
defined pressure is the minimum temperature required for a
vapor bubble to form in the liquid.

calorimeter: a thermally insulated apparatus containing a heat
exchanger that determines the mass flow rate of a volatile
refrigerant by measuring the heat input/output that will result
in a known enthalpy change for the volatile refrigerant.

dew-point temperature: a vapor-liquid equilibrium point for a
volatile pure liquid or for a multi-component mixture of misci-
ble, volatile pure component liquids, in the absence of noncon-
densables, where the temperature of the mixture at a defined
pressure is the maximum temperature required for a liquid
drop to form in the vapor.

enthalpy (heat content): a thermodynamic quantity equal to
the sum of the internal energy of a system plus the product of
the pressure-volume work done on the system.

error: the difference between the true value of the quantity
measured and the observed value. All errors in experimental
data can be classified as one of two types: systematic (fixed)
errors or random (precision) errors. The terms accuracy and
precision are often used to distinguish between systematic and
random errors. A measurement with small systematic errors is
said to be unbiased. A measurement with small random errors
is said to have high precision. A measurement that is unbiased
and precise is said to be accurate.

fixed error: same as systematic error.

fractionation: a change in composition of a refrigerant blend
by preferential evaporation of the more volatile component(s)
or condensation of the less volatile component(s).

glide: the absolute value of the difference between the starting
and ending temperatures of a phase-change process (conden-
sation or evaporation) for a zeotropic refrigerant exclusive of
any liquid subcooling or vapor superheating.

lubricant circulation rate: the ratio of the mass of lubricant
circulating through a refrigerant system to the total mass of
refrigerant and lubricant flowing through the system at a spec-
ified set of operating conditions.

near-azeotropic: a zeotropic refrigerant blend with a temper-
ature glide sufficiently small that it may be disregarded with-
out consequential error in analysis for a given application.

nonazeotropic: a synonym for zeotropic, which is the
preferred term.

precision error: same as random error.

random error: an error that causes readings to take random
values on either side of a mean value. The random error is
quantified based on how well an instrument can reproduce
subsequent readings for an unchanging input. Random errors
cannot be corrected through calibration.
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