MINISTRY FOR THE ENVIRONMENT AND SPATIAL PLANNING
SLOVENIAN ENVIRONMENT AGENCY

9

REPUBLIC OF SLOVENIA

Vojkova 1b,

1000 Ljubljana p.p. 2608,
tel.: +386(0)1 478 40 00 fax.: +386(0)1 478 40 52

WMO CIMO Training Workshop on Metrology for the English-speaking
countries of Region V (South-West Pacific)

Melbourne, 21st - 25th November 2011

Uncertainty of relative humidity calibration




‘ Humidity “generator” and reference standard

» lIts role is producing stable and homogeneous humidity environment
» Actual value of the humidity is measured with a reference dew-point
meter

» Types of humidity generators (two pressure, two temperature, mixed
flow, climatic chamber, ...)

Reference standard
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‘ Measurement methods

» Depending on the DUC (RH/dew point)
» Parallel sampling

» Serial sampling

» Measurement of air temperature

» Potential pressure drops




‘ Calibration with reference standard

» Set-up for dew-point calibration
(Device under calibration — DUC - is dew-point meter)

Reference dew-
point sensor




‘ Calibration with reference standard

» Set-up for RH calibration
(DUC is RH hygrometer)

DUC (RH)

thermometer ——




‘ Calibration with reference standard

In calibration uncertainty budget calculation following
uncertainty components should be considered:

e due to generation of humidity
e due to uncertainty of reference standard

e due to DUC
e due to calibration method and ambient conditions




AR Uncertainty of humidity generation

The reference value (RV) is measured by calibrated dew-point sensor, so
only the deviations from the measured RV need to be characterised.

The major uncertainty contributions are therefore:
v’ time instability of generated humidity:
instability can be measured during the calibration with stable ) W
reference humidity and/or temperature standard. Standard
uncertainty due to instability is taken as a combination of standard
deviation of both dew-point and temperature




‘ Inhomogenity of generated humidity - DP

v almost insignificant in dew-point calibration
(if the inlet of the sampling tube of standard
and DUC are in parallel and close to each other)

v’ problems, if reference standard and DUC as
dew-point meter are sampling in serial (pressure
drop, contamination,...)




‘ Inhomogenity of generated humidity - RH

v’ in RH calibration - large influence of temperature on relative humidity

v Therefore temperature inhomogeneity needs to be quantified - can be
very significant:

1. Temperature gradients can be evaluated previous
to calibration — less expensive possibility...

2. ... or each time during the calibration (the set of
thermometers has to be used all the time)

the second one is better, because the
influence of DUC can also be determined,
however more expensive



‘ Inhomogenity of generated humidity - RH

e Typical uncertainties of RH due to temperature
Inhomogeneity - from 0,1%r.h. to several %r.h.

e The inhomogeneity can be reduced if smaller
calibration space iIs used or appointed

3+4 times smaller or more




‘ Uncertainty of reference standard

In general the following uncertainty contributions are to be determined:

e uncertainty, taken from the calibration certificate (dew-point
thermometer & thermometer for air temperature)

e standard’s drift

e resolution (if not included in certificate)




‘ Uncertainty of reference standard

In RH calibrations, if the reference is dew-point sensor,
then the temperature and dew-point contributions have to
be considered separately.




‘ Sources of uncertainty of DUC

e instability of DUC’s readings

e resolution
e hysteresis

e drift (to be added by the end user)

e uncertainty of electrical devices (bridge, multimeter




‘ Other sources of uncertainty (errors)

e |leakage (stem of the sensor, cables)

e contamination (salts, oil, dirt)

e difference between calibration measurement




y

Example of uncertainty budget calculation

Uncertainty : Standard
: s Probabilty . :
Uncertainty source contribution law Coefficient uncertainty
U(7) u()
A-tip reference dew point 0.2 [%] Normal 0.5 0.1 [%]
A-tip DUC 0.2 [%] Normal 0.5 0.1 [%]
Time instability of humidity 0.91 [%] Normal 0.5 0.46 [%]
generator
Spatial unhomogenity of 0.84 [%] Normal 0.5 0.42 [%]
humidity generator
Uncertainty of reference 0.017*RH+0.2 | Normal 0.5 0.53 [%]
dew point (0.0085*RH+0.1)
DUT 0.1 [%] Rectangular 1 0.1 [%]
Multimeter 64 [uV] Rectangular x100 0.0074 [%]
Expanded uncertainty 1.71 [%]

* Uncertainty calculation at Ta=20°C and RH=95%
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‘ Reference

 ARSO, Technical instruction, Calibration of electronic hygrometers in
humidity generator, TN.3.00.1, 2009

» Jovan Bojkovski, Domen Hudoklin, Uncertainty in calibrations with
secondary standard, Laboratory of Metrology and Quality (LMK), Faculty of
Electrical Engineering (FE), University of Ljubljana
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