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Introduction

In accordance with the Mutual Recognition Agreement (MRA), the metrological equivalence of national standards will be determined by a set of key comparisons selected and organized by CIPM Consultative Committees working in close cooperation with regional metrological organizations (RMO).

At its 20th meeting in April 2000, the Consultative Committee on Thermometry (CCT) considered the key humidity comparison as mandatory for the relevant laboratories. A technical protocol was drawn up by the members of the Working Group on Humidity Measurements (WG-6, currently WG-Hu).

The Federal State Unitary Enterprise "All-Russian Scientific Research Institute of Physical, Technical and Radio Engineering Measurements" (VNIIFTRI, Russia) and the RSE "Kazakhstan Institute of Standardization and Metrology" (KazStandard, Kazakhstan) propose to conduct a bilateral key comparison of national dew point temperature standards to determine the degree of equivalence between the implementations of these standards. The comparison will use the dew point temperature of humid air in the range from minus 50 °C to 20 °C.

The two participants mentioned above have prepared this technical protocol. The procedures described in this document cover the technical procedure to be followed during measurements by the transported reference standard. The procedure, which follows the guidelines established by BIPM, is based on current recommendations for the use of dew point/frost temperature hygrometers. 

1 Participants of the comparison

Detailed information about postal and e-mail addresses is given in table 1. The list of participating institutions includes:

Table 1

	№
	Organization
	Address
	Contact person
	Email address, Phone Number

	1
	KazStandard
	010000, Republic of Kazakhstan, Astana, Korgalzhyn highway, 13/5 
	Zhumagali Assylbek
	a.zhumagali@ksm.kz, +77787651305

	2
	VNIIFTRI
	664056, Russia, Irkutsk, Borodina str. 57 
	Vinge Mikhail
	vma@vniiftri-irk.ru +79025107041


By declaring their intention to participate in this bilateral comparison, the laboratories accept the general instructions and technical protocol set out in this document and commit themselves to strictly follow the procedures of this protocol.

After the approval of the protocol and the list of participants, no changes to the protocol or the list of participants may be made without the prior consent of all participants.

All participants should be able to submit calculations of the uncertainty of reproducing the dew point/frost temperature unit of their national humidity standards.

2 The comparison method
The comparison will be made by applying a transportable reference standard calibrated in the pilot laboratory. The reference standard (hygrometer comparator) will automatically measure the dew point/frost temperature of wet gas samples obtained from national standards of dew point/frost temperature units (reference generators) of the comparison participants using the same measurement process (algorithm). 

Measurements will begin on the basis of KazStandard. Comparative measurements will be carried out at fixed dew point/frost point temperatures. Then the hygrometer comparator will be sent to VNIIFTRI, where similar comparative measurements will be carried out at the same fixed dew point/frost temperature values. After that, the hygrometer-comparator will be sent back to KazStandard, which will repeat the cycle of comparative measurements to check for deviations in the calibration of the hygrometer-comparator during transportation. Each participant has 6 weeks to complete the measurements.

In case of serious difficulties with customs or other delays that may lead to exceeding the validity period of the temporary import license, participants may change the processing schedule.

2.1 Handling a comparison sample

Before starting measurements, it is necessary to inspect the hygrometer comparator. Participants are expected to follow all instructions in the instruction manual provided by the manufacturer of the hygrometer comparator to properly unpack, then pack and send to the next participant. During packing and unpacking, participants should check the contents with the packing list and the instruction manual.

The hygrometer comparator should only be used by authorized persons and stored in such a way as to prevent damage to it.

During operation of the hygrometer comparator, in case of any unusual situations, such as loss of heating or cooling control, the pilot laboratory should be notified immediately before starting work.

2.2 Transportation of the hygrometer comparator

The transportation process begins from the moment when the hygrometer comparator leaves the sender's laboratory, and does not end until it reaches the destination laboratory. All participants should follow the following general guidelines:

(1) Plan the shipment in advance. The recipient should be aware of any customs problems in his country that may lead to a delay in the timing of comparisons. The sending laboratory should be aware of any national regulations governing the transportation of the hygrometer comparator for export;

(2) Mark the shipping container with the inscription "FRAGILE SCIENTIFIC INSTRUMENTS", "ONLY LABORATORY STAFF ARE ALLOWED TO OPEN" and arrows indicating "TOP"; attach tilt and impact indicators, if such devices are available;

(3) Determine the best way to deliver the hygrometer comparator to the participant;

(4) Find out the exact delivery address of the recipient. If possible, send the package directly to the laboratory;

(5) Coordinate the delivery schedule with the recipient. The sending laboratory must inform the recipient of the carrier, the exact method of delivery and the estimated time of arrival;

(6) Instruct the recipient to confirm receipt and status of the shipment upon arrival. The form for notification of receipt of the hygrometer comparator is given in Appendix 1. The hygrometer comparator is supplied in a shipping container that is strong enough to ensure safe transportation.

Each laboratory is responsible for paying for the delivery to the other participant, including any customs fees and insurance. Insurance should be sufficient to cover the cost of compensation for any possible losses during transportation of the hygrometer comparator.

	2.3 Measurement schedule and comparison sample transfer scheme
№
	Actions
	Preliminary date

	1
	Submission of the revised technical protocol to the participants for unanimous approval
	May 2024

	2
	Submission of the revised protocol to the CCT for approval
	June 2024

	3
	Completion of measurements in accordance with the protocol on KazStandard
	June 2024

	4
	Delivery of a hygrometer comparator to VNIIFTRI for measurements
	September 2024

	5
	Completion of measurements in VNIIFTRI
	October 2024

	6
	Delivery of a hygrometer comparator to KazStandard
	November 2024

	7
	Completion of repeated measurements on KazStandard
	December 2024

	8
	Preparation of the draft protocol A of comparisons
	January 2025

	9
	Submission of comments on the draft protocol and comparisons
	February 2025

	10
	Presentation of the draft protocol B of comparisons in the CCT
	March 2025


3 Description of the hygrometer comparator

A dew point hygrometer with a cooled mirror will be used as a hygrometer comparator, which has proven itself to be a reliable device with good performance characteristics such as repeatability and transportability.

Characteristics of the hygrometer comparator:

	Model
	S8000 RS

	Serial number
	143381

	Size (in Packing case)
	640 mm ×900 mm×470 mm

	Weight (in Packing case)
	38 kg

	Manufacturer
	Michell Instruments

	Owner
	KazStandard

	Electrical supply
	220 V/ 50 Hz

	Approximate value for insurance

and customs declaration:
	60 000 $
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Figure 1. Hygrometer comparator - S8000 RS
4 Measurement instructions

Participants should consult the operating manual for instructions and precautions when using the hygrometer comparator. Participants can perform any initial checks of the hygrometer that would have been performed with a normal calibration. In the event of an unexpected failure of the device at the participating institute, the pilot should be informed so that, if necessary, he can revise the comparison schedule as early as possible.

The wet gas coming from the participant's reference generator is supplied to the input of the hygrometer comparator through a stainless steel tube ending with a ¼’’ VCR S8000 RS fitting.  

The hygrometer mirror should be cleaned before performing comparative measurements and whenever necessary. Before cleaning the mirror, it is necessary to set the temperature in the pre-cooling system corresponding to the ambient temperature and turn off the mirror control by pressing the "mirror cleaning" button on the hygrometer.

Five nominal dew point/frost temperature values will be used for comparison: -50 °C, -30 °C, -10 °C, 1 °C and 20 °C. Each nominal value must be repeated and measured four times. At each repeated measurement of the dew point temperature, condensate from the mirror of the hygrometer comparator should be removed and re-formed. If there are problems with this humidity measurement protocol, other protocols can be used, if they are reported. The measured dew point temperature, pre-cooler temperature, pressure in the measuring chamber, gas flow, atmospheric pressure, atmospheric temperature, atmospheric humidity should be recorded for possible use in diagnostics.

The dew point temperature values measured by a hygrometer comparator should be within ± 0.5 °C of the five agreed nominal values for comparisons, and ideally closer to them. 

Deviations exceeding this value can lead to increased uncertainty when comparing a particular result..
Operating conditions of the portable standard S8000 RS:

(1) Clean the mirror surface with cotton pads with distilled or deionized water. If necessary, a primary alcohol cleaning can be carried out before this;

(2) Set the gas flow rate through the hygrometer comparator at 0.75 l/min;

(3) The temperature of the dew point/ frost is determined by the readings of the hygrometer comparator. Each nominal dew point/frost temperature value must be separately repeated (reproduced) four times to reduce the likelihood of non-reproducibility of the portable standard. Before each measurement, make sure that the freezing point is stable (without offsets). For each measurement, it is necessary to obtain a set of 10 steady-state readings taken within 10-20 minutes. 

The hygrometer comparator used in these comparisons must not be changed, adjusted or used for any purpose other than those described in this document, as well as transferred to any party other than the participants in the comparisons. 

If unacceptable performance or failure of the hygrometer comparator is detected, the participants will discuss the situation and agree on an action plan.

5 Report on the results

Participants must report the results of their measurements within six weeks after completing the measurements.

Participants should not disclose the results of their measurements to third parties. Participants will exchange the results of their measurements after completing all procedures.

The parameter to be compared between the two laboratories in this bilateral comparison is the average difference obtained between the reference generator and the portable reference.

The main measurement results include:

- dew point temperature values, measurement by a hygrometer comparator, and the corresponding standard uncertainty;

- the values of the difference between the reference generator and the hygrometer comparator.

A preliminary template for presenting the results is provided in Appendix 2 and can be provided to participants electronically in the form of an Excel spreadsheet. Using this format, including calculations of averages and differences, allows participants to clearly see the values and uncertainties of the parameters they represent for comparison.

Based on the data received by each participant, the results will be analyzed in terms of the differences between the applied and measured dew/frost points. 

Participants must provide a general description of the operation of their generator to determine the dew point temperature.

6 Measurement uncertainty

The uncertainty of the results of a bilateral comparison will be determined by some or all of the components:

• the specified uncertainty of measuring the dew point temperature, including any uncertainties related to pressure drop or other influences acting between the measurement point and the point of use (hygrometer comparator);

• estimated uncertainty related to the short-term stability of the hygrometer comparator at the time of measurement;

• estimated uncertainty associated with any change in the hygrometer comparator during the comparison period;

• estimated uncertainty in average values due to the spread of repeated results (reflecting the combined reproducibility of the reference generator and the hygrometer comparator);

• estimated uncertainty due to the resolution of the hygrometer comparator (if it turns out to be significant);

• estimated uncertainty due to the nonlinearity of the hygrometer comparator, in any case when the measurements differ significantly from the agreed nominal value;

• estimated covariance between the reference generators used and the measured (hygrometer-comparator) dew point/frost values (if they are recognized as significant);

• any other components of uncertainty that are considered significant.

Participants should provide a detailed uncertainty analysis for their national dew point/frost temperature standards. The uncertainty analysis should be carried out in accordance with the approach given in the Manual for Determining Measurement Uncertainty (JCGM 100:2008). A list of all significant components of the uncertainty budget should be evaluated, which should confirm these uncertainties. Estimates should be made at the level of one standard uncertainty. Uncertainty estimates of type B can be considered as having infinite degrees of freedom, or an alternative estimate of the number of degrees of freedom can be made in accordance with the methods described in JCGM 100:2008. The participants of the comparisons can add any additional uncertainties to the template that they deem appropriate.

Traceability to CCT-K6 KCRV

Since VNIIFTRI participated in the CCT-K6 key comparison, some of the results of this bilateral comparison may be related to the key comparison reference value (KCRV) for TDP/FP. The degree of equivalence between TDP/FP implemented by NMI and KCRV, DNMI/KCRV, is defined as

DNMI/KCRV (TDP/FP)= [(TDP/FP]NMI ( [(TDP/FP]KCRV 
Application 1а

The form of acceptance of the comparison sample

	From:  Name of the organization

Actual address:

Tel.:

E-mail:
	Whom: 


A pilot comparison of the NMI comparison sample was received ___ / ___/ ______  (date)

The contents of the shipping crate, checked against the packing list, were as follows:

[    ] Full

[    ] Incomplete (please list the missing elements)

__________________________________________________________________

__________________________________________________________________

After inspection, the pilot comparison the sample comparison box is in good working condition:

(yes/no) _____

If not, how serious is the damage? (yes/no) ______

Comments, if any:

__________________________________________________________________

__________________________________________________________________

__________________________

Signature with transcript                   

Application 1b
The form for sending the comparison sample

	From:  Name of the organization

Actual address:

Tel.:

E-mail:
	Whom: 


Pilot comparison the comparison sample in the transport box was sent to ___ / ___/ ______ (date).

Details:

The pilot comparison the comparison samples in the transport box were sent:

[    ] in good physical and working condition

[    ] damaged (please describe) 

__________________________________________________________________

__________________________________________________________________

The contents of the shipping crate, checked against the packing list, were as follows:

[    ] Full

[    ] Incomplete (please list the missing elements)

__________________________________________________________________

__________________________

Signature with transcript                    

Application 2а

Calibration results table

Calibration dates: 

Name of the laboratory/organization:

	Setpoint dew point temperature, 
	(TDP/FP, °С
	Extended uncertainty, °С

	
	Meas. 1
	Meas. 2
	Meas. 3
	Meas. 4
	The average value
	

	-50
	
	
	
	
	
	

	-30
	
	
	
	
	
	

	-10
	
	
	
	
	
	

	1
	
	
	
	
	
	


	20
	
	
	
	
	
	


(TDP/FP=Tref-Tcal
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