ANSI/ASHRAE Addendum a to
ANSI/ASHRAE Standard 41.2-2022

Standard Methods for
Air Velocity and
Airflow Measurement

Approved by ASHRAE and the American National Standards Institute on January 31, 2024.

This addendum was approved by a Standing Standard Project Committee (SSPC) for which the Standards Committee has
established a documented program for regular publication of addenda or revisions, including procedures for timely, docu-
mented, consensus action on requests for change to any part of the standard. Instructions for how to submit a change can
be found on the ASHRAE® website (www.ashrae.org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. 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.

© 2024 ASHRAE ISSN 1041-2336

"y N“erican Natio"al Sb

N
§© z
N %"3'

www.ansi.org



© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either

print or digital form is not permitted without ASHRAE's prior written permission.
ASHRAE Standing Standard Project Committee 4

Cognizant TC: 1.2, Instruments and Measurements
SPLS Liaison: Gwelen Paliaga

Michael E. Shows*t, Chair Michelle E. Hull Patrick Riley
Margaret M. Mathison*, Vice-Chair Harshad V. Inamdar Alexander Schmig
Michael S. Creamer*, Secretary Judd Jackson* John P. Scott*
Erik S. Anderson* Mark A. Kedzierski* Paul Sohler
B. Terry Beck*t Orkan Kurtulus*t Michael S. Todd
Thomas A. Butcher* Chris Lesnar* Stephen L ] Wage
Patrick E. Collins*t Hongmei Liang*t Robert C. Walker
James L. Douglas* James D. Lutz* Jeffrey R. Wilms
Alex Fridlyand Brian McClintock Chandra Yelamanchili
Joseph S.F. Goh Adam Michalson*

Richard L. Hall Michael Perevozchikov*

* Denotes members of voting status when the document was approved for publication
1t Denotes members of Subcommittee 41.2

ASHRAE STANDARDS COMMITTEE 2023-2024

Jonathan Humble, Chair Jay A. Kohler Gwelen Paliaga
Douglas D. Fick, Vice-Chair Paul A. Lindahl, Jr. Karl L. Peterman
Kelley P. Cramm James D. Lutz Justin M. Prosser
Abdel K. Darwich Julie Majurin David Robin
Drake H. Erbe Lawrence C. Markel Christopher J. Seeton
Patricia Graef Margaret M. Mathison Paolo M. Tronville
Jaap Hogeling Kenneth A. Monroe Douglas Tucker
Jennifer A. Isenbeck Daniel H. Nall William F. Walter
Phillip A. Johnson Philip J. Naughton Susanna S. Hanson, BOD ExO
Gerald J. Kettler Kathleen Owen Ashish Rakheja, CO

Ryan Shanley, Senior Manager of Standards

SPECIAL NOTE
This American National Standard (ANS) is a national voluntary consensus Standard developed under the auspices of 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 Senior 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 is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
ANSI is a registered trademark of the American National Standards Institute.




© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either
print or digital form is not permitted without ASHRAE's prior written permission.

(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 require-
ments for a standard and may contain material that has not been subject to public review or a consen-
sus process. Unresolved objectors on informative material are not offered the right to appeal at
ASHRAE or ANSI.)

FOREWORD

Addendum a updates the test plan to include pretest and post-test uncertainty, updates the steady-state crite-
ria sections, and adds an airflow mixing section.

Informative Note: In this addendum, changes to the current standard are indicated in the text by underlining
(for additions) and strikethreugh (for deletions) unless the instructions specifically mention some other
means of indicating the changes.

Addendum a to Standard 41.2-2022

Revise Section 3 as shown.

3. DEFINITIONS

computational fluid dynamics: the use of applied mathematics, physics, and computational software to
visualize how a gas or liquid flows, as well as how the gas or liquid affects objects as it flows past.

[...]
Revise Section 5.1 as shown.
[...]

The test plan shall specify:

a. The maximum allowable value for either the accuracy or the measurement uncertainty of the air velocity
or airflow measurement system.

b. The values to be determined and recorded that are selected from this list: air velocity, air velocity pretest
uncertainty, air velocity post-test uncertainty, volumetric airflow rate, volumetric airflow pretest uncer-
tainty, volumetric airflow post-test uncertainty, standard volumetric airflow rate, standard volumetric air-
flow rate pretest uncertainty, standard volumetric airflow rate post-test uncertainty, mass airflow rate,
mass airflow pretest uncertainty, and mass airflow post-test uncertainty,

¢. Any combination of test points and targeted set points to be performed together with operating toler-
ances.

Revise Section 5.3.1.4.3 as shown. Delete Figure 5-1 (not shown).

5.3.1.4.3 Steady-State Air Velocity Criteria for Test Points. Starting with the time set to zero, sam-
ple not less than 30 air velocity measurements N at equal time intervals o¢ over a test duration Ar where At is
in time units. Equation 5-1 states the relationship of the test duration to the number of air velocity samples
and the equal time intervals.

At = (N—1)8t (5-1)

Informative Note: Circumstances for measurement vary, so the user should select a duration of test and the
equal time intervals based upon the longest period of the observed air velocity fluctuations during opera-
tion near the steady-state conditions.

Record each sampled air velocity measurement V; and the corresponding time ¢;. Apply the least-squares
line method to determine the slope b of the air velocity data trend line #HustratedinFigure-5—+ using Equa-

tion 5-2.
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Informative Note: 1t should be noted that the units for the slope in Equation 5-2 are air velocity, m/s (fpm),
divided by the units that the user has selected for time.
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The mean of the sampled air velocity, 7, is defined by Equation 5-55-3.

V==[$Y (V)] m/s(fpm) (5-53)

1
N

The difference between the maximum and minimum sampled values shall be less than or equal to the
specified operating tolerance limit as defined in Equation 5-4, where 43 is the operating tolerance limit.

Vmax - Vmin < VL m/s (fpm) 5-4

The restriction on the slope of the trend line b is defined in Equation 5-5, where At is the sample time
interval.

|bx At <0.5%x ¥V, m/s(fpm) 5-5

7. as determined by Equation 5-3, represents the steady-state mean air velocity, where Equations 5-4 and 5-5
are both satisfied.

I Figtre-S-1the horizontal dashed lines o ] o L bel ho boundaries.of

Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.

Revise Section 5.3.1.4.4 as shown. Delete Figure 5-2 (not shown).

5.3.1.4.4 Steady-State Air Velocity Criteria for Targeted Set Points. Starting with the time set to
zero, sample not less than 30 air velocity measurements /N at equal time intervals df over a test duration At
where At is in time units. Equation 5-85-6 states the relationship of the test duration to the number of sam-
ples and the equal time intervals.

= (N-1)d¢ (5-86)

Informative Note: Circumstances for measurement vary, so the user should select a duration of test and the
equal time intervals based upon the longest period of the observed volumetric airflow flow rate fluctua-
tions during operation near the steady-state conditions.

Record each sampled air velocity measurement V; and the corresponding time ¢;. Apply the least-squares
line method to determine the slope b of the air velocity data trend line #HustratedinFigure-5-2 using Equa-
tion 5-95-7.
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Informative Note: 1t should be noted that the units for the slope in Equation 5-95-7 are air velocity, m/s
(fpm), divided by the units that the user has selected for time.)

N
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The mean of the sampled air velocities V is defined by Equation 5-425-8.
V= X/[Zi: (V)] /s (fpm) (5-128)

The difference between the maximum and minimum sampled values shall be less than or equal to the
specified operating tolerance limit as defined in Equation 5-9, where VL is the operating tolerance limit.

<V, m/s(fpm) 5-9

Vm

ax Vmin

The restriction on the slope of the trend line b is defined in Equation 5-5. where At¢ is the sample time
interval.

|bx At <05x ¥V, m/s (fpm) 5-10

The difference between the test condition and mean of the sampled values shall be less than or equal to
half of the specified operating tolerance limit as defined in Equation 5-11, where Vsp is the set-point airflow

velocity and 143 is the operating tolerance limit.

Vep—71<0.5x ¥V, s (fpm) 5-11

V. as determined by Equation 5-8. represents the steady-state mean air velocity, where Equations 5-9. 5-10,

and 5-11 are all satisfied.

| Z | gl & r
=t T2 =F st fprm) &3

o050 —smis-(Fpr) 5-15)

€ and-where-

LA 2l O.5017

L Ai-<-S 0 —mris-(fpm) 5-16)

Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.)
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Revise Section 5.3.2.5.3 as shown. Delete Figure 5-3 (not shown).

5.3.2.5.3 Steady-State Volumetric Airflow Rate Criteria for Test Points. Starting with the time set
to zero, sample not less than 30 volumetric airflow rate measurements N at equal time intervals &t over a test
duration A¢ where At is in time units. Equation 5-4+75-12 states the relationship of the test duration to the
number of volumetric airflow flow rate samples and the equal time intervals.

At = (N—1)5t (5-+712)

Record each sampled volumetric airflow rate measurement Q; and the corresponding time ¢;. Apply the
least-squares line method to determine the slope b of the volumetric airflow rate data trend line ﬂ-}ustfated—m

Figure-5-3 using Equation 5-485-13.

NN 0y - 4 ! i
1LY z%) (lelN)(Z:;lQ)] (5-4813)
NG, -Gt

Informative Note: 1t should be noted that the units for the slope in Equation 5485-13 are volumetric air-
flow flow rate, m>/s (ft3/min), divided by the units that the user has selected for time.

1 N .
o= [(N ?)ZP —~O—b+; ;;)2} sla—CF i 5-26)

The mean of the sampled volumetric airflow rates Q is defined by Equation 5-245-14.
- 1 .
0 = ;T;[Z,i [(0)] md/s (ft3/min) (5-2414)

The difference between the maximum and minimum sampled values shall be less than or equal to the
specified operating tolerance limit as defined in Equation 5-15, where Oy is the operating tolerance limit.

Qmax - Qmin < QL m3/s (ft3/min) 5-15

The restriction on the slope of the trend line b is defined in Equation 5-16, where At is the sample time
interval.

|bx A <0.5xQ, m?/s (ft3/min) 5-16

_Q, as determined by Equation 5-14, represents the steady-state mean volumetric airflow rate, where
Equations 5-15 and 5-16 are both satisfied.
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Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.

Revise Section 5.3.2.5.4 as shown. Delete Figure 5-4 (not shown).

5.3.2.5.4 Steady-State Volumetric Airflow Rate Criteria for Targeted Set Points. Starting with the
time set to zero, sample not less than 30 volumetric airflow rate measurements N at equal time intervals &8¢
over a test duration Az where At is in time units. Equation 5-245-17 states the relationship of the test duration
to the number of samples and the equal time intervals.

At = (N 1)5t (5-2417)

Record each sampled volumetric airflow rate measurement Q; and the corresponding time ¢;. Apply the
least-squares line method to determine the slope b of the volumetric airflow rate data trend line ﬂ-}ustfated—m

Figure-5-4 using Equation 5-255-18.

NG 10— J(ZHQ)]

(5-2518)

N(Zt—ll) (21—11

Informative Note: 1t should be noted that the units for the slope in Equation 5-255-18 are volumetric air-
flow flow rate, m>/s (ft3/min), divided by the units that the user has selected for time.)

| Q-
=1\ (0 b\ 3/ (f3/min) (5_26)
u N2 =1 T e
1/2
— I—/ 1 \\—‘N L0 Lt \?—| 3 L3 Lo\
S LKN—Q/ o e Pt ] =St (5—2—79

The mean of the sampled volumetric airflow rates Q is defined by Equation 5-285-19.
- _ 1 . w .
0 = S, (0)] m¥s (fi¥/min) (5-2819)

The difference between the maximum and minimum sampled values shall be less than or equal to the
specified operating tolerance limit as defined in Equation 5-20, where (; is the operating tolerance limit.

Qmax B Qmin = QL m3/s (ft3/min) 5-20

The restriction on the slope of the trend line b is defined in Equation 5-21, where At is the sample time
interval.

lbxAfl<05xQ, m3/s (ft*/min) (5-21)

The difference between the test condition and mean of the sampled values shall be less than or equal to
half of the specified operating tolerance limit as defined in Equation 5-22, where Qgp is the set-point volu-

metric airflow rate and Qy is the operating tolerance limit.

|05p— 0| <05x0Q, m3s (ft3/min) 5-22

_g ), as determined by Equation 5-19, represents the steady-state mean airflow rate, where Equation 5-20, 5-21,

and Equation 5-22 are all satlsﬁed
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e and-where
IbALL <0500, m’/s (ft/min) 5-32)

Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.

Revise Section 5.3.2.7.3 as shown. Delete Figure 5-5 (not shown).

5.3.2.7.3 Steady-State Mass Airflow Rate Criteria for Test Points. Starting with the time set to
zero, sample not less than 30 mass airflow rate measurements N at equal time intervals &¢ over a test duration
At where At is in time units. Equation 5-335-23 states the relationship of the test duration to the number of
mass airflow rate samples and the equal time intervals.

At = (N—1)5t (5-3323)

Informative Note: Circumstances for measurement vary, so the user should select a duration of test and the
equal time intervals based upon the longest period of the observed mass airflow rate fluctuations during
operation near the steady-state conditions.

Record each sampled mass airflow rate measurement m; and the corresponding time ¢, Apply the least-

squares line method to determine the slope b of the mass alrﬂow rate data trend line ﬂ-}ustfaféed—m—lltgiﬁeé-é
using Equation 5-345-24.

NS tm) - Y Y m,
\ NG, tm) =, 1) m)] (5-3424)

[N(thll) (21*11)]

Informative Note: 1t should be noted that the units for the slope in Equation 5-345-24 are mass airflow rate,
kg/s (Ib,,/min), divided by the units that the user has selected for time.

Pt . P 1 .
122 LL 7l\m *ULIU Kg/> \ 10 7TIIT) 6-359
1/2
— |—( 1 \vN Laa L ..\2—| Lala (.  Looio
M N VAN, o B Bt B A I S (5-36)

The mean of the sampled mass airflow rates 171 is defined by Equation 5-375-25.

- 1.~ . )

m; = N[Zi: ,(m)] ke/s (Ib,,/min) (5-3725)

The difference between the maximum and minimum sampled values must be less than or equal to the
specified test operating tolerance as defined in Equation 5-26, where m, is the operating tolerance limit.

m,,.—m,., <m;, kg/s(lb,/min) (5-26)

max min

The restriction on the slope of the trend line b is defined in Equation 5-27, where At is the sample time
interval.
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|bx Al <0.5xm; kg/s (Ib, /min) 5-27

m , as determined by Equation 5-375-25, represents the steady-state mean mass airflow rate-provided-that
eﬂ%ef—fhe—feﬁewmg—emem—rs—saﬁsﬁed where Equations 5-26 and 5-27 are both satisfied.

Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.

Revise Section 5.3.2.7.4 as shown.

5.3.2.7.4 Steady-State Mass Airflow Rate Criteria for Targeted Set Points. Starting with the time
set to zero, sample not less than 30 mass airflow rate measurements N at equal time intervals &t over a test
duration A¢ where At is in time units. Equation 5-405-28 states the relationship of the test duration to the
number of samples and the equal time intervals.

= (N-1)d¢t (5-4028)

Informative Note: Circumstances for measurement vary, so the user should select a duration of test and the

equal time intervals based upon the longest period of the observed mass airflow rate fluctuations during
operation near the steady-state conditions.

Record each sampled mass airflow rate measurement m; and the corresponding time #;. Apply the least-

squares line method to determine the slope b of the mass alrﬂow rate data trend line #Hustrated-inFigare-5-6
using Equation 5-445-29.

N ]_Vlﬂff ]_vti N .i
. NG, timd) = Qo 1) m)] (5-4129)

V- (8 6]

Informative Note: 1t should be noted that the units for the slope in Equation 5-445-29 are mass airflow rate,
kg/s (Ib,,/min), divided by the units that the user has selected for time.

1

v :
= (S Gi- b)) kel (b fmin) 5-42)
1/2
e (LI NSY oy 0T kals (16 /main) 5-43)
L\Nfszdizl\ T T Laan A 7} va

The mean of the sampled mass airflow rates m is defined by Equation 5-445-30.

— 1 N . .
M = ]—\/[Zi=1(mi)] kg/s (Ib,,/min) (5-4430)
The difference between the maximum and minimum sampled values must be less than or equal to the
specified test operating tolerance as defined in Equation 5-31, where m, is the operating tolerance limit.
m,, .—m,. <m;, kg/s(lb,/min) (5-31)

max
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The restriction on the slope of the trend line b is defined in Equation 5-32, where At is the sample time
interval.

lbx A <0.5xm, kg/s (Ib, /min) 5-32

The difference between the test condition and mean of the sampled values shall be less than or equal to
half of the specified operating tolerance limit as defined in Equation 5-33, where m, is the set point mass

airflow rate and m, _is the operating tolerance limit.

ligp—m| <05 xm, kg/s (b, /min) 5-33

n_'1 as determined by Equation 5-18, represents the steady-state mean refrigerant mass flow rate, where
Equations 5-31, 5-32, and 5-33 are all satisfied.

e and-where

lbA < 050w Lkg/s (Ib /min) 5-4%)

Informative Note: For further reading about this method of determining steady-state conditions, refer to
Informative Appendix A, References Al and A2.

Revise Section 8 as shown below. Delete old Figure 8-6 (not shown) and add new Figures 8-6, 8-7, and 8-
8 as shown.

8. AIRFLOW MEASUREMENT DUCT FEATURES AND COMPRONENTS
AND UNIT-UNDER-TEST AIRSTREAM AIRFLOW MIXING COMPONENTS

8.1 Overview. Duct features Features used in the airflow measurement single-nozzle ducts and single- and
multiple-nozzle chambers that are described in Section 9 include static pressure taps, piezometer rings, and

flow straighteners.;-transition-pieees;-and-variable-air-supply-er-exhaust-systems: Airstream airflow mixing
components, if any, are an integral part of the unit under test (UUT).

8.6 UUT Airstream Airflow Mixing Components. Airflow mixing components shall be applied to single
airflow streams or to the junction of two airflow streams to obtain more uniform air temperatures and air

velocities. Figures 8-6, 8-7, and 8-8 are examples of airflow mixing components.

The air-mixer portion of ASHRAE Research Project 1733-TRP is an example of the application of com-
putational fluid dynamics to visualize the effectiveness of candidate air-mixer geometries to create uniform

air temperatures and velocities. A summary of the results of that effort is provided in a technical paper
authored by Hyunjin Park and Christian K. Bachm._
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Figure 8-6 Opposing louvers in a rectangular duct.

Figure 8-7 Opposing grids in a round duct. Figure 8-8 Opposing grids in a round duct.

Revise Section 12 as shown.
12. REFERENCES
[...]

10. Park, H., and C.K. Bach. 2021.Performance Characterization of Air Mixing Devices for Square Ducts.
Applied Thermal Engineering 199.
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE'’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE'’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.
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