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Standard 41.8-2023 Addendum a.
Standard Methods for Liquid Flow Measurement

(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 ANSL.)

FOREWORD
The primary purpose of 41.8-2023 Addendum a is to update the steady-state criteria sections.

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

Addendum a to Standard 41.8-2023

| Revise Section 3 as shown below. |

accuracy: the degree of conformity of an indicated value to the eerrespending true value.

| Revise Section 5.1 as shown below.

5.1 Test Plan. The test plan shall be one of the following options:

A document provided by the person or the organization that authorized the tests.
A method of test standard.

A rating standard.

A regulation or code.

Any combination of items a. through d.

oo o

The test plan shall specify:

b. The minimum accuracy value or the maximum amount of measurement uncertainty of
the liquid flow measurement system over the full range of operating conditions.

c. The values to be determined and recorded are awy-ecembinations to be selected from this list:
liquid mass flow measurement, liquid mass flow measurement pretest uncertainty, liquid mass
flow measurement post-test uncertainty, liquid volumetric flow measurement, liquid
volumetric flow pretest uncertainty, liquid volumetric flow post-test uncertainty, and mass
measurement.

d. Any combination of test points and targeted set points to be performed together with operating
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tolerances.

| Delete Section 5.3.2 as shown below.

| Revise Section 5.3.5 as shown below.

5.3.5 Steady-State Test Criteria for Liquid Mass Flow Rate Measurements. Liquid mass flow rate test
data shall be recorded at steady-state conditions if specified in the test plan in Section 5.1.

5.3.5.1 Steady-State Test Criteria for Liquid Mass Flow Rate Measurements Under Laboratory
Test Conditions. If the test plan requires liquid mass flow rate test data points to be recorded at steady-
state test conditions and provides the operating condition tolerance but does not specify the steady-state
criteria, then determine that steady-state test conditions have been achieved using one of the following
methods:

a. Apply the steady-state criteria in Section 5.3.5.3 if the test plan provides test points for liquid
mass flow rate measurement.
b. Apply the steady-state criteria in Section 5.3.5.4 if the test plan provides targeted set points for

liquid mass flow rate measurement.

5.3.5.2 Steady-State Test Criteria for Liquid Mass Flow Rate Measurements Under Field Test
Conditions. Ifthe test plan requires liquid mass flow rate test data points to be recorded at steady-state test
conditions and provides the operating condition tolerance but does not specify the steady-state criteria, the
methods in Section 5.3.5.1 are optional.

Informative Note: The steady-state methods in Section 5.3.5.1 are likely to be impractical under field
test conditions. Section 5.3.6 provides instructions for making measurements that are not at steady state
conditions.

5.3.5.3 Steady-State Liquid Mass Flow Rate Criteria for Test Points. Starting with the time set to
zero, sample not less than 30 liquid mass flow rate measurements N at equal time intervals 6t over a test
duration At where At is in time units. Equation 5-1 states the relationship of the test duration to the number
of liquid mass flow rate samples and the equal time intervals.

At = (N —1)6t (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 liquid mass flow rate
fluctuations during operation near the steady-state conditions.
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Record each sampled liquid mass flow rate measurement ri7; and the corresponding time t;. Apply the
least-squares line method to determine the slope b of the liquid mass flow rate data trend line using Equation
5-2.

b— {[N(zéiltima—(zéim)(z%lmi)]} (5-2)
[N(Z?Ll tiz)_(zﬁ\; ti) ]

Informative Note: 1t should be noted that the units for the slope in Equation 5-2 are liquid mass flow rate,
kg/s (Ibm/s), divided by the units that the user has selected for time.)

The mean of the sampled liquid mass flow rates 71 is defined by Equation 5-3.

m = [, (7)] kefs (Ibufs) (5-3)

b A< 0.5 %% ke/s-(b,fs) (5-5)
= il ) ==

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 5-4 where 7, is the operating tolerance limit.

mm,w - mimi'n < ml kg/s (lbm/s) (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.

|b x At] < 0.5 x 11, kg/s (Iby/s) (5-5)

m, as determined by Equation 5-3, represents the steady-state mean refrigerant mass flow rate where
Equations 5-4 and 5-5 are both satisfied.

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

5.3.5.4 Steady-State Liquid Mass Flow Rate Criteria for Targeted Set Points. Starting with the
time set to zero, sample not less than 30 liquid mass flow rate measurements N at equal time intervals &t
over a test duration At where At is in time units. Equation 5-6 states the relationship of the test duration to
the number of samples and the equal time intervals.

At = (N —1)6t (5-6)

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 liquid mass flow rate fluctuations
during operation near the steady-state conditions.
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Record each sampled liquid mass flow rate measurement ri7; and the corresponding time t;. Apply the
least-squares line method to determine the slope b of the liquid mass flow rate data trend line using Equation
5-7.

b — {[N(Z?]q timi)_(z?lﬁ ti)(zﬁvﬂ mt)]} (5_7)
[V, t2)-(3E, 1)

Informative Note: 1t should be noted that the units for the slope in Equation 5-7 are liquid mass flow
rate, kg/s (Ibm/s), divided by the units that the user has selected for time.

The mean of the sampled liquid mass flow rates, 71, is defined by Equation 5-8.

m = [T, ()] ke/s (Ibu/s) (5-8)

Im' —m | < 05 xm kgzs “b /) (5 O\
p— g £y ) ~ 7

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 5-9 where n; is the operating tolerance limit.

mmnv _ mmi‘n S ml kQ/S (lbm/s) (5'9)

The restriction on the slope of the trend line b is defined in Equation 5-10 where At is the sample time
interval.

|b X At] < 0.5 X i1y, kg/s (Ibw/s) (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 thep is the set point mass
flow rate and 1, is the operating tolerance limit.

|thep —m| < 0.5 X i, kg/s (Ibw/s) (5-11)

m, as determined by Equation 5-11, represents the steady-state mean refrigerant mass flow rate where
Equations 5-8, 5-9. and 5-10 are all satisfied.

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

| Revise Section 5.3.7 as shown below. |

5.3.7 Steady-State Test Criteria for Liquid Volumetric Flow Rate Measurements. Liquid volumetric
flow rate test data shall be recorded at steady-state conditions if specified in the test plan in Section 5.1.

5.3.7.1 Steady-State Test Criteria for Liquid Volumetric Flow Rate Measurements Under
Laboratory Test Conditions. If the test plan requires liquid volumetric flow rate test data points to be
recorded at steady-state test conditions and provides the operating condition tolerance but does not specify
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the steady-state criteria, then determine that steady-state test conditions have been achieved using one of
the following methods:

a. Apply the steady-state criteria in Section 5.3.7.3 if the test plan provides test points for liquid
volumetric flow rate measurement.
b. Apply the steady-state criteria in Section 5.3.7.4 if the test plan provides targeted set points for

liquid volumetric flow rate measurement.

5.3.7.2 Steady-State Test Criteria for Liquid Volumetric Flow Rate Measurements Under Field
Test Conditions. If the test plan requires liquid volumetric flow rate test data points to be recorded at
steady-state test conditions and provides the operating condition tolerance but does not specify the steady-
state criteria, the methods in Section 5.3.7.1 are optional.

Informative Note: The steady-state methods in Section 5.3.7.1 are likely to be impractical under field
test conditions. Section 5.3.8 provides instructions for making measurements that are not at steady state
conditions.

5.3.7.3 Steady-State Liquid Volumetric Flow Rate Criteria for Test Points. Starting with the time set
to zero, sample not less than 30 liquid volumetric flow rate measurements N at equal time intervals 6t over
a test duration At where At is in time units. Equation 538 5-12 states the relationship of the test duration
to the number of liquid volumetric flow rate samples and the equal time intervals.

At = (N —1)6t (516 5-12)

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 liquid volumetric flow rate
fluctuations during operation near the steady-state conditions.

Record each sampled liquid volumetric flow rate measurement Q; and the corresponding time t;. Apply
the least-squares line method to determine the slope b of the liquid volumetric flow rate data trend line
using Equation 5 5-13.

b= {[N(zﬁlrioi)—(z?ilri)(z%loa]} (541 5.13)
[N(Zévﬂ tiz)_(zﬁvﬂ ti) ]

Informative Note: It should be noted that the units for the slope in Equation 53+ 5-13 are liquid
volumetric flow rate, m*/s (cfs), divided by the units that the user has selected for time.

The mean of the sampled liquid volumetric flow rates Q is defined by Equation 542 5-14.

Q = 3 [ZL1(@)] ms (cfs) (542 5:14)
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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 Q, is the operating tolerance limit.

Qurax— Qimin < Q; m>/s (cfs) (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.

[b X At| < 0.5 X Q; m’/s (cfs) (5-16)

Q. as determined by Equation 5-14, represents the steady-state mean liquid volumetric flow rate where
Equations 5-15 and 5-16 are both satisfied.

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

5.3.7.4 Steady-State Liquid Volumetric Flow Rate Criteria for Targeted Set Points. Starting with
the time set to zero, sample not less than 30 liquid volumetric flow rate measurements N at equal time
intervals &t over a test duration At where At is in time units. Equation 545 5-17 states the relationship of
the test duration to the number of samples and the equal time intervals.

At = (N — 1)t (5-15 5-17)

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 liquid volumetric flow rate
fluctuations during operation near the steady-state conditions.)

Record each sampled liquid volumetric flow rate measurement Q; and the corresponding time t;. Apply
the least-squares line method to determine the slope b of the liquid volumetric flow rate data trend line
using Equation 536 5-18.

b= {[zv(zéil 00~ (5s n)(zégloi)l} (516 5.18)
[N(Z?Izl tiz)_(z?lzl ti) ]

Informative Note: It should be noted that the units for the slope in Equation 536 5-18 are liquid
volumetric flow rate, m*/s (cfs) divided by the units that the user has selected for time.

The mean of the sampled liquid volumetric flow rates Q is defined by Equation 547 5-19.

Q = +[ZI1(QD] ms (cfs) (547 5:19)

3 /e fofa) (5 1)
+Q§§Z——Q-|—<—05—>G-Qrm_ - S5H€15) CaEay

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 Q; is the operating tolerance limit.

Omnv - Omin S OI mB/S (CfS) (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.
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[b X At]| < 0.5 x Q; m’/s (cfs) (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 Q<p is the set point volumetric
flow rate and Q; is the operating tolerance limit.

|0cp — 0] < 0.5 X Q, m%/s (cfs) (5-22)

Q. as determined by Equation 5-19, represents the steady-state mean liquid volumetric flow rate where
Equations 5-20, 5-21, and 5-22 are all satisfied.

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