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Abstract

A Consultative Committee on Thermometry (CCT) Key Comparison of frost point
temperatures was carried out by the National Institute of Standards and Technology (NIST,
USA) and the National Metrology Institute of Japan (NMIJ, Japan) between December
2015 and November, 2016. The results of this comparison are reported here, along with
descriptions of the humidity laboratory standards for NIST and NMIJ/AIST and the
uncertainty budget for these standards. This report also describes the protocol for the
comparison and presents the data acquired. The results are analyzed, determining degree
of equivalence between the frost-point standards of NIST and NMIJ.
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1. Introduction

Key Comparisons determine differences between measurement standards of different
National Metrology Institutes (NMIs). They play an important role in ensuring that the
standards of all NMIs are in agreement.

At its 20" meeting in April 2000, the Consultative Committee for Thermometry (CCT)
called for a Key Comparison on humidity standards to be conducted by all major National
Metrology Institutes. It asked CCT Working Group 6, WG6, (now CCT Working Group
on Humidity Measurements, WG-Hu) to draw up a technical protocol for a CIPM key
comparison named “CCT-K6”. The National Physical Laboratory (UK) and the National
Metrology Institute of Japan were chosen to be the pilot laboratory and assistant pilot
laboratory, respectively. The National Institute of Standards and Technology (NIST, USA)
participated in this key comparison. In 2015 the comparison report [1] was published.

For its participation in CCT-K6, NIST used two humidity generators. For the frost points
of -50 °C and —30 °C, the NIST Low Frost-point Generator (LFPG) was used, and for the
dew/frost points at —10 °C, 1 °C, and 20 °C the NIST Hybrid Humidity Generator (HHG)
was used. However, maintenance of the NIST LFPG had always been cumbersome, and it
was frequently out of operation and in need of repair. Since 2013 NIST has used the HHG
instead of the LFPG to provide NIST humidity standards over the range -85 °C to 0 °C. In
2016 NIST decided to end support of the LFPG.



Because the NIST LFPG was no longer used for providing NIST humidity standards, it
was necessary for NIST to provide linkage of the HHG frost-points below —10 °C to the
CCT-K6 Key Comparison Reference Values (KCRV). NIST invited NMIJ to participate
in a bilateral comparison of frost-points at the points —50 °C and —30 °C. NMIJ/AIST
agreed to perform the comparison, and in addition NIST and NMIJ agreed to perform frost-
point comparisons at two points not covered in CCT-K6: —80 °C and —70 °C. The
comparison was carried out between December 2015 and November 2016, and it was
designated CCT-K6.2. NIST was the pilot for this bilateral comparison. This bilateral
comparison followed the same technical procedures for each frost point as for the CCT-
K6, except that only one transfer standard was used.

2. Participants
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3. Comparison Method

The comparison between frost-point temperatures realized at NIST and NMIJ was
performed through use of a transfer standard (a chilled-mirror hygrometer). At a given
nominal frost point, each participant used its generator to produce moist air having a frost-

point temperature determined to be T3 . The transfer standard then measured the

dew/frost-point temperature of the generated gas, T, . The difference between the two
values was

ATg, = TFgP ~Te

FP

The comparison of NIST and NMIJ humidity standards was then performed by comparing
the values of ATrp determined using the NIST humidity generator, ATep(NIST) , with those
of the NMIJ humidity generator, ATrp(NMIJ).

4. Generators

The NIST humidity generator used was the NIST Hybrid Humidity Generator (HHG). Its
principle of operation depends on the desired value of Top/rp.



For Tpp/rp > —15 °C, the HHG operates as a conventional two-pressure generator, saturating
air with water at a temperature Ts and pressure Ps to produce moist air with a molar fraction
Xg given by

xg=¥ f(T..P.). 1)

S

Here, e (Ts) is the water vapor pressure at Ts, calculated using [2-3] and f(Ts, Ps) is the
water-vapor enhancement factor, calculated using [4]. The saturator temperature is
measured by a standard platinum resistance thermometer (SPRT) immersed in the same
temperature-controlled bath as the saturator. The saturator pressure, which can vary from
ambient to 500 kPa, is measured by a strain-gauge pressure transducer that is connected by
a tube to the saturator at a point near its outlet.

For Toprp < —15 °C, the HHG uses the divided flow method, which involves diluting the
saturated gas with dry gas using precisely-metered streams of gas. The molar fraction after
dilution is

NsXs + NpXp

Xg = — x5 2)

where 1 and n,, are the molar flows of the saturated gas and pure (dry) gas, respectively,

and N is the total molar flow. Also, xs is the molar fraction of water in the saturated gas
and Xp is the residual molar fraction of water in the pure gas. For the HHG in divided flow
mode, the saturator is operated at a temperature of 1 °C and a pressure of 300 kPa, resulting
in xs = 0.0022.

The generated frost-point temperature is obtained from xg by measuring the pressure P¢
using a strain-gauge pressure transducer at the inlet of the chilled-mirror hygrometer. Tep
is then obtained by iteratively solving the equation

_e(y)
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where ¢; is the saturated vapor pressure for ice, calculated using [5-6]. The value of f(Ter,
Ps) is calculated using [4]. A more complete description of the NIST HHG may be found
in [7].

To ensure the stability of the HHG results, the HHG pressure gauges are calibrated yearly.
The HHG SPRT resistance at the triple point of water Rtpw is also calibrated yearly. The
pressure gauge and SPRT calibrations are performed at NIST. The policy of the HHG
laboratory is that if the change in Rtpw from that of the original calibration ever corresponds
to a temperature drift of more than 10 mK, a full calibration will be performed. Finally,
NIST employs check standards during every customer calibration for the purpose of
detecting any possible errors or long-term drifts.



The NMIJ humidity generators used were the Frost-Point Generator (FPG) [8] and the
Magnetic Suspension Balance/Diffusion-Tube humidity Generator (MSB/DTG) [9] for the
nominal Trp of —30 °C to —70 °C and at —80 °C, respectively.

The FPG is a single-pressure generator, consisting of a temperature-controlled bath and a
saturator with a heat exchanger. The heat exchanger is a stainless-steel tube coil and the
saturator is a stainless-steel box. The stainless-steel box has the inlet hole and outlet hole,
where the heat exchanger and the outlet tube, respectively, are welded. The heat exchanger
and the saturator are immersed in the temperature-controlled bath filled with ethanol. The
dry Nz introduced into the inlet of the FPG first passes through the heat exchanger and then
the saturator. The inside of the saturator is a horizontal zigzag tunnel with a height of 20
mm. The half of the tunnel (10 mm) is filled with ice of deionized water. The total length
of the tunnel is approximately 2 m. The saturator temperature Ts and saturator pressure Ps
are measured using a standard platinum resistance thermometer and a strain-gauge pressure
transducer, respectively. The chilled mirror hygrometer is connected to the outlet of the
FPG. The pressure at the outlet P, is also measured using another strain-gauge pressure
transducer. Trp of the N2 humidified by the FPG can be calculated using the following
equation:
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where €i(T) is the saturation water vapor pressure of ice [10] at temperature T, and f(P, T)
is the enhancement factor [11] at pressure P and temperature T. Note that Ps~ P, in eq. 4)
because the FPG is a single pressure generator.

The MSB/DTG is a trace-moisture generator based on the diffusion tube method. The
generation chamber of the DTG is attached to the bottom of the MSB with a common
vacuum flange to form a closed system with the MSB. The MSB consists of magnetic
suspension coupling and an analytical balance. A diffusion cell (a small water container
with a diffusion tube) in the generation chamber is magnetically suspended from the
measuring load of the magnetic suspension coupling without contact with the analytical
balance using the permanent magnet and the electromagnet. The pressure inside the
chamber is controlled to 155 kPa using a pressure regulator. The temperature of the
chamber is maintained at 25 °C or 60 °C. The water vapor from the diffusion cell is mixed
with the dry N2 introduced from the inlet of the generation chamber. This humid gas is
taken out from the outlet of the generation chamber and further mixed with the dry N
flowing from the bypass line. The evaporation rate of water vapor from the diffusion cell
N is measured as the mass-loss rate of the diffusion cell using the MSB. The total flow rate
of the dry nitrogen F is accurately and precisely measured and controlled using a flow
measurement/control system [12] which uses a mass flow meter composed of multiple
critical flow Venturi nozzles (CFVNSs), also known as sonic nozzles. The molar fraction of
water vapor in nitrogen gas xw is calculated by



__N+N, +Fx/1-x%)
X N+N,+F+Fx/(1-x)’
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where Ny is the amount-of substance of water vapor desorbed per unit time from the inside
surfaces of the generation chamber and tubes used for the pipewok, and xy is the molar
fraction of residual water in dry N.. Using egs. 4) and 5), Trp of the N2 humidified by the
MSB/DTG is given by
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5. Transfer standard

Instrument type: Chilled-mirror hygrometer
Measurand dew/frost-point temperature
Model: RH Systems 373LX"
Serial Number: 15-0103

Size (in Packing case): 63 cm x 53 cm x 40 cm
Weight (in Packing case): 31.2 kg

Manufacturer: RH Systems, USA
Owner: RH Systems, USA
Electrical supply: 220V /50 Hz
Approximate value for insurance

and customs declaration: US$ 88,250.00

6. Measurement process

Sample air with Top/re realized by a participant's standard generator was introduced into
the inlet of a transfer-standard hygrometer through a stainless-steel tube. The tube was
attached to the transfer standard using a 4” VCR fitting. A 100-ohm platinum resistance
thermometer (PRT) embedded beneath the surface of the transfer standard’s mirror
measured the frost-point temperature. The current applied through the PRT was nominally
1 mA. At NIST, the resistance of the PRT was measured using a commercial AC resistance
bridge using a 100 Q standard resistor as its reference. At NMIJ, the resistance of the PRT
was measured using a digital multimeter calibrated using an AC resistance bridge with a
100 Q standard resistor as its reference. For both NIST and NMIJ, the measured resistance
was converted to a nominal frost-point temperature using the reference function given in
IEC 60751, as described in Appendix 3 of the CCT-K6 protocol.

* The commercial product mentioned here is included for completeness only and does not constitute an
endorsement by NIST nor does it imply that this product is necessarily the best available for its purpose.



A total of four dew/frost-point temperatures were used for the comparison: —80 °C, —70 °C,
—50 °C, and —30 °C. Each participant made four independent measurements for each frost-
point temperature, reforming the condensate on the hygrometer’s mirror each time. At each
measured frost point, the PRT resistance readings were monitored until they reached the
laboratory’s criterion for being in a steady state. At NIST, typical monitoring periods at
—80 °C, —70 °C, =50 °C, and —30 °C were 48 h, 48 hr, 3 h, and 1 h, respectively. At NMIJ,
the monitoring periods at —80 °C (MSB/DTG) and —70 °C to —30 °C (FPG) were 6 h and
5.5 h, respectively. Afterwards, multiple readings of the resistance of the PRT were
recorded, and the mean and standard deviation of these readings were recorded.

7. Measurement data

Table 1 shows the results of the generator/hygrometer comparisons for both NIST and
NMIJ. Table 2 shows the difference between generated and measured frost-point
temperatures ATrp for four measurements. For a given nominal value of ATep, the results
of NIST and NMIJ are shown on separate rows. The results for each of the four
measurements are shown in separate columns. The mean and standard deviation of these
measurements are shown in the last two columns. The data shown in Table 2 is plotted in
Fig. 1. We note that there is unusually large scatter in the NIST results at —50 °C and in the
NMIJ results at —70 °C. We are not sure why there was such large scatter at these points,
but we believe they were due to problems with stability of the transfer standard; our check
standards did not exhibit such large variations at these points.

8. Comparison Uncertainty

For a set of determinations of ATrp made at a nominal Trp the standard uncertainty of the
generator/nygrometer comparison uc(ATep) is given by

u (AT ) = U2 (AT )+ w2 )+ u? (o )] 7)

Descriptions of ua(ATrp), U(TFgP ) and u(TF”P“) are given below. First, ua(ATrp) is the type
A uncertainty for the determination of ATrp. This uncertainty includes the reproducibility
of the generator, the chilled-mirror hygrometer, and the multimeter making the resistance

measurements. Secondly, u(Tng) is the type B uncertainty of the generated value of Trp.
The source of the values u(TFgP) for NIST is [7], which contains a complete uncertainty

budget for the NIST Hybrid Humidity Generator. The source of the values u(T.% ) for NM1J

is [8, 9], which provides an uncertainty analysis for the FPG and MSB/DTG. Table 3 shows
the major uncertainty elements and their standard uncertainty values for the NIST generator,
for the four nominal values of Trp. Table 4 shows the contribution of these uncertainty

elements tou(TFi, ) Similarly, Tables 5 shows the values of these standard uncertainties for

the NMIJ generator and Table 6 shows their contribution to u(TFgP ) for NMI1J. Note that the

NMIJ uncertainties provided for the water vapor pressure and enhancement factor for the
FPG are zero because the generator is single pressure.



Table 1. Results of generator/hygrometer comparisons.

Hygrometer RH Systems 373LX, S/N 15-0103
Nominal Realized Measured PRT Measured

Tee Mzas. Tee Resistance Tep %,-[:F;

§9) () (9) (9]
NIST

-30 1 -30.075 88.1551 -30.169 0.093

-30 2 -30.046 88.1660 -30.141 0.096

-30 3 -30.042 88.1697 -30.132 0.090

-30 4 -30.060 88.1604 -30.155 0.095
NMIJ

-30 1 -29.987 88.1898 -30.081 0.094

-30 2 -29.987 88.1903 -30.080 0.092

-30 3 -29.988 88.1908 -30.078 0.090

-30 4 -29.987 88.1907 -30.078 0.091
NIST

-50 1 -49.932 80.2681 -50.096 0.164

-50 2 -49.,998 80.2678 -50.097 0.099

-50 3 -50.002 80.2755 -50.077 0.076

-50 4 -50.010 80.2722 -50.086 0.076
NMIJ

-50 1 -49,993 80.2706 -50.090 0.097

-50 2 -49.994 80.2720 -50.086 0.093

-50 3 -49.994 80.2728 -50.084 0.091

-50 4 -49.994 80.2732 -50.083 0.090
NIST

-70 1 -69.962 72.3374 -69.993 0.031

-70 2 -70.071 72.2861 -70.121 0.050

-70 3 -70.042 72.2941 -70.101 0.059

-70 4 -70.055 72.2944 -70.100 0.045
NMIJ

-70 1 -69.996 72.2892 -70.113 0.117

-70 2 -69.995 72.2881 -70.116 0.121

-70 3 -69.995 72.3125 -70.055 0.060

-70 4 -69.997 72.3102 -70.061 0.064
NIST

-80 1 -80.105 68.3057 -80.049 -0.056

-80 2 -80.195 68.2477 -80.194 -0.001

-80 3 -80.219 68.2406 -80.211 -0.008

-80 4 -80.140 68.2624 -80.157 0.017
NMIJ

-80 1 -80.117 68.3173 -80.020 -0.097

-80 2 -80.106 68.3090 -80.041 -0.064

-80 3 -80.097 68.3055 -80.050 -0.047

-80 4 -80.125 68.3050 -80.051 -0.074




Table 2. Difference between realized and measured
dew/frost-point temperatures ATppee for NIST and NMIJ

Figure 1. Difference between realized and measured dew/frost-point
temperatures ATppre for NIST and NMIJ. Note: data from the two NMIs are
slightly offset horizontally to facilitate viewing.

Nominal Meas. 1 | Meas. 2 | Meas. 3 | Meas. 4 AT o(ATre)
Trp NMI ATrp ATrp ATrp ATrp o e C;P
(°C) c) | c) | ¢ | o | (O
-30 NIST 0.093 0.096 0.090 0.095 0.094 0.003
-30 NMIJ 0.094 0.092 0.090 0.091 0.092 0.002
=50 NIST 0.164 0.099 0.076 0.076 0.104 0.042
50 NMIJ 0.097 0.093 0.091 0.090 0.093 0.003
-70 NIST 0.031 0.050 0.059 0.045 0.046 0.012
—70 NMIJ 0.117 0.121 0.060 0.064 0.091 0.033
-80 NIST -0.056 -0.001 -0.008 0.017 -0.012 0.031
-80 NMIJ -0.097 -0.064 -0.047 -0.074 -0.071 0.021
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Table 3. Uncertainty elements and their standard uncertainty values for the NIST generator, for the four

nominal values of Tep.

Uncertainty for NIST generator at Tep = -30 °C -50 °C -70 °C -80 °C
Saturator Temperature Measurement

Calibration uncertainty 0.001°C 0.001°C 0.001°C 0.001°C
Long-term stability 0.001 °C 0.001 °C 0.001 °C 0.001 °C
Saturator Pressure Measurement

Calibration uncertainty 42 Pa 42 Pa 42Pa 42 Pa
Long-term stability 7 Pa 7 Pa 7 Pa 7 Pa
Hygrometer Pressure Measurement

Calibration uncertainty 18 Pa 18 Pa 18 Pa 18 Pa
Long-term stability 7 Pa 7 Pa 7 Pa 7 Pa
Flow measurement

Calibration uncertainty 0.05% 0.05% 0.05% 0.05%
Long-term stability 0.02% 0.02% 0.02% 0.02%
Moisture in dry gas 1 nmol/mol | 1 nmol/mol | 1 nmol/mol | 1 nmol/mol
Water Adsorption/desorption on tube walls 1 nmol/mol | 1 nmol/mol | 1 nmol/mol | 1 nmol/mol
Calculation:

Saturation vapor pressure formula(e) 0.03 Pa 0.02 Pa 0.02 Pa 0.02 Pa
Water vapor enhancement formula(e) 0.0006 0.0006 0.0007 0.0008

Table 4. Contribution of the uncertainty elements in Table 3to U (TFQP ) for NIST, in °C, for the four nominal
values of Tep. The combined standard uncertainty is shown in the last row.

Uncertainty for NIST generator at Trp = -30 °C ‘ -50 °C -70°C -80 °C
Saturator Temperature Measurement

Calibration uncertainty 0.001 0.001 0.0005 0.0004
Long-term stability 0.001 0.001 0.0005 0.0004
Saturator Pressure Measurement

Calibration uncertainty 0.001 0.001 0.001 0.001
Long-term stability 0.0002 0.0002 0.0001 0.0001
Hygrometer Pressure Measurement

Calibration uncertainty 0.001 0.001 0.001 0.001
Long-term stability 0.0006 0.0005 0.0004 0.0004
Flow measurement:

Calibration uncertainty 0.005 0.005 0.004 0.004
Long-term stability 0.002 0.002 0.002 0.001
Moisture in dry gas 0.00003 0.0002 0.003 0.012
Water Adsorption/desorption on tube walls 0.00003 0.0002 0.003 0.012
Calculation:

Saturation vapor pressure formula(e) 0.006 0.009 0.011 0.013
Water vapor enhancement formula(e) 0.006 0.006 0.005 0.005
Combined standard uncertainty: 0.010 0.012 0.014 0.022




Table 5. Uncertainty elements and their standard uncertainty values for the NMIJ generator. For the highest

three nominal values of Tgp, the FPG was used and at -80 °C the MSB/DTG was used.

Uncertainty for NMIJ generator at Trp = -30 °C -50 °C -710°C -80 °C
Saturator Temperature Measurement

Sensor uncertainty 0.009 °C 0.009 °C 0.009°C |  -----
Temperature Homogeneity 0.006 °C 0.006 °C 0.006 °C |  ----
Temperature Stability 0.004 °C 0.004 °C 0.004°C | = ----
Saturator Pressure Measurement

Calibration uncertainty 1.4 Pa 1.4 Pa l4Pa | -
Long-term stability 21.1 Pa 21.1 Pa 211Pa | -
Effect of Tubing 78.8 Pa 78.8 Pa 788Pa | @ -
Hygrometer Pressure Measurement

Calibration uncertainty 1.4 Pa 1.4 Pa 1.4 Pa 5Pa
Pressure stability 21.1Pa 21.1Pa 21.1Pa 10 Pa
Effect of Tubing 8.5 Pa 8.5 Pa 8.5 Pa 20 Pa
Saturator Efficiency 0.016 °C 0.014 °C 0.012°C | = -
Water Adsorption/desorption on tube walls 0.0002 0.0019 0.0341 0.0002
Trace moisture generation by MSB/DTG | - |  =—— | - nm%ﬁ?nol
Calculation:

Saturation vapor pressure formula(e) 0 Pa 0 Pa 0 Pa 0.5%
Water vapor enhancement formula(e) 0 0 0 0.2%




Table 6. Contribution of the uncertainty elements in Table 5 to U(TFgP ) for NMIJ, in °C. For the highest

three nominal values of Tep, the FPG was used and at -80 °C the MSB/DTG was used.

Uncertainty for NMI1J generator at Tep = -30 °C -50 °C -70 °C -80 °C
Saturator Temperature Measurement

Sensor uncertainty 0.009 0.009 0.009 | -
Temperature Homogeneity 0.006 0.006 0.006 | = -----
Temperature Stability 0.004 0.004 0.004 |  -----
Saturator Pressure Measurement

Calibration uncertainty 0.0001 0.0001 0.0001 | = ----
Long-term stability 0.002 0.002 0001 | -
Effect of Tubing 0.007 0.006 0.005 | = -
Hygrometer Pressure Measurement

Calibration uncertainty 0.0001 0.0001 0.0001 0.0001
Long-term stability 0.002 0.002 0.001 0.001
Effect of Tubing 0.001 0.001 0.001 0.001
Saturator Efficiency 0.016 0.014 0012 | -
Water Adsorption/desorption on tube walls 0.002 0.015 0.229 0.0013
Trace moisture generation by MSB/DTG | - |  =—— | - 0.013
Calculation:

Saturation vapor pressure formula(e) 0.000 0.000 0.000 0.030
Water vapor enhancement formula(e) 0.000 0.000 0.000 0.012
Combined standard uncertainty: 0.021 0.025 0.230 0.035

Finally, u(T,7 ) is the type B uncertainty of the measured value of Tep, It is given by the
type B uncertainty of the resistance measurement system measuring the resistance of the
PRT in the chilled mirror hygrometer. The values of u(T." ) were 0.001 °C for NIST and

0.001 °C for NMLJ.

Table 7 shows the calculated value of uc(ATrp) and its components for each value of Trp

and each participating NMI.




Table 7. Standard uncertainty of the determinations of ATgp for NIST and NMIJ. The column headings are

described in the text.

Nominal S
Torire PartICI_patlng U, (ATFP ) U(T;:i ) u(TDnF]’/FP ) u, (ATDP/FP )
(OC) Institute (oC) (oc) (oc) (oC)
-30 NIST 0.003 0.010 0.001 0.010
-30 NMIJ 0.002 0.021 0.001 0.021
-50 NIST 0.042 0.012 0.001 0.044
—50 NMIJ 0.003 0.025 0.001 0.025
-70 NIST 0.012 0.014 0.001 0.018
-70 NMIJ 0.033 0.23 0.001 0.232
—80 NIST 0.031 0.022 0.001 0.038
—80 NMIJ 0.021 0.035 0.001 0.041
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Figure 2. Difference between the NIST generator/hygrometer comparisons performed
in December 2015-February 2016 and in November 2016.



9. Drift of Transfer Standard

The first generator/hygrometer comparison measurements were made at NIST in
December 2015-February 2016. Afterwards, the transfer standard was sent to NMIJ so
that it could perform its comparison measurements. The transfer standard was returned to
NIST in October 2016, and the next comparison measurements were made in November
2016.

Drift of the transfer standard during the course of the NIST-NMIJ comparison may be
estimated by examining the difference between the NIST generator/hygrometer
comparisons performed in December 2015-February 2016 and November 2016. This
difference is shown in Fig. 2. The average magnitude of the difference between the
December 2015-February 2016 comparisons and the November 2016 comparisons is
approximately 0.008 °C. In our uncertainty budget we have added a type B uncertainty
component due to the possibility of transfer standard drift. Based on the results of Fig. 2,

we have estimated it to contribute a standard uncertainty of 0.005 °C (0.008 °C / \/5) to the
NIST-NMIJ/AIST comparison.
10. Degree of Equivalence

We define the degree of equivalence between the values of Trp realized by NMIJ and those
of NIST, Dnist/nmi as

DNISI'INMIJ (TFP) = [ATFP ]NIST - [ATFP ]NMIJ ) 8)

The uncertainty of the degree of equivalence u(Dnistinvi (Trp) is the combination of
u. (AT ) for NIST, u (AT, ) for NMIJ, and the uncertainty ugrirt due to possible drift of
the transfer standard:

U[DN'ST/NM” (TFP )] = {[UCZ(ATFP )]NIST + [ucz (ATFP )]NMIJ + ujrif[ }1/2 . 9)
The expanded (k=2, 95% confidence level) uncertainty for the degree of equivalence is

U(Dnistnmiz) = 2u(Dnistinmig), 10)

The results are presented in Table 8 and plotted in Fig. 3. All values of Dnist-nmiyaisT are
within the expanded uncertainties.



Table 8. Degree of equivalence between Tep realized by
NMIJ/AIST and that of NIST, and its expanded uncertainty
(k = 2) in a comparison of four frost points.

Nominal
ToriFp Dnist/nmMu U(D nisTinmis )
(°C) (C) (°C)
-30 0.002 0.048
-50 0.011 0.101
-70 —0.045 0.466
—-80 0.059 0.112

0.4

0.2

o
o
o
——
——
——

DNIST/NMIJI C

Toeseps °C

Figure 3. The degree of equivalence Dnist-nmiaist between the four frost-point
temperatures realized by the standard generators of NIST, [TFP ]NIST , and that of

NMIJ, [TFP ]NM,J as defined in Eqg. 8. The uncertainty bars represent the expanded
(k = 2) uncertainty of the degree of equivalence, as defined in Eg. 10.

11. Linkage to the CCT-K6 KCRV

Both NIST and NM1J participated in the CCT-K6 multilateral key comparison. However,
the generator that NIST is now using is different from that used in the comparison at the -
30 °C and -50 °C points, while the generator that NM1J is using is the same. Therefore, the
current NIST realization of those frost points using the HHG may be linked to the key
comparison reference values (KCRV) for Trp [1] through this bilateral comparison. The



degree of equivalence between Tep realized by a NMI and the KCRV, Dnmikcry, is defined

as

DNMI/KCRV (TFF‘) = [ATFP ]qu _[ATFF‘ KCRV *

Eq. 8 and Eq. 11 may be used to determine Dnist/ikcrv:

DNIST/KCRV (TFP) = DNIST/NMIJ (TFP) + DNMIJ/KCRV (TFP ) .

with corresponding uncertainty

The relevant values of Dnmikcrv and U(Dnmikcry) from [1] are given in Table 9:

U 2(DNIST/KCRV ) =U 2(DNIST/NMIJ )+ U Z(DNMIJ/KCRV )'

Table 9. Degree of equivalence between Tpp/ep realized by
NMIJ and the KCRV, Dnmukcrv, and its expanded
uncertainty (k = 2), U(Dnmizkcry), at Tee values of =30 °C and
=50 °C, as given by Tables 7.3 and 7.4 in [1].

Nominal
Tep Dnmikerv | U(Dnmiykcrv)
() (°C) (°C)
-30 -0.050 0.057
-50 -0.023 0.100

11)

12)

13)

Combining the results of Tables 8-9 using Eqgs. 12-13 yields the values of Dnist/ikcrv and

U(DnisT/KCRV):

Table 10. Degree of equivalence between Tep realized by
NIST and the KCRV, Distkcry, and its expanded
Uncertainty (k = 2), U(DN|ST/KCRV), at Trp values of —30 °C
and —50 °C.

Nominal
ToriFp DnisT/KCRV U(DnisT/kcRv)
(°C) (°C) (°C)
-30 —0.048 0.075
-50 -0.012 0.142

The values of Dnist/kcry are all within the k=2 uncertainty values U(Dnistikcrv).
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Figure 4. The degree of equivalence Dnistikcrv between the dew/frost-point
temperatures realized by the standard generator of NIST, [TFP ]NIST and the key

comparison reference values (KCRVs), [TFP ]KCRV , as determined by Eq. 9. The

uncertainty bars represent the expanded (k = 2) uncertainty of the degree of
equivalence, as determined by Eq. 10.

12. Summary

NIST and NMIJ have completed a bilateral comparison of their humidity standards. The
quantity compared was the frost-point temperature produced by the generators of the two
NMIs. A chilled-mirror hygrometer was used as the transfer standard. The nominal frost-
point temperatures used for the comparison were —30 °C, -50 °C, —70 °C and —80 °C. The

comparisons have determined the degree of equivalence between [T, | and [T, ], at

these points. For all frost-point temperatures over the range studied, the degree of
equivalence is within 0.06 °C. All values for the degree of equivalence are within their
expanded k = 2 uncertainties. The results allow a calculation of the degree of equivalence
between [T ]« and [Te |y, at =30 °C and —50 °C. All values for this degree of
equivalence are within 0.05 °C and within the expanded k = 2 uncertainties.
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