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ABSTRACT

The measurement of relative humidity (rh) has implications throughout industry. Traditional
methods for accurately determining rh have been to the use wet- and dry-bulb psychrometers
or to make a dew point measurement with a separate temperature measurement and covert
into rho The development of electronic devices for measuring rh has now achieved a position
where the uncertainties compare favourably with other methods. With the recent
commissioning of a relative humidity generation facility as part of the UK's Humidity
calibration facility, a direct source of traceability for relative humidity measurements is now
available, and the claims made for these devices can be examined. The aim of this work is to
identify and examine commercially-available instruments for measuring relative humidity to
determine which, if any, of these is suitable for use as a transfer standard of the very best
accuracy. This project has been carried out as part of the DTI's National Measurement System
Thermal Programme, 1998 to 2001, Project 4.2, Future Humidity Standards.
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EXECTUTIVESUMMARY

This project has been undertaken to improve the dissemination of relative humidity standards
in the UK, by identifying those commercially-available instruments which are most suitable
for use as high-accuracy transfer standards.

The recent development of a high-accuracy rh calibration facility at National Physical
Laboratory (NPL) as part of National Measurement System (NMS) provision of UK humidity
standards has enabled relative humidity instruments to be calibrated to a high level of
accuracy but in order to disseminate this improved uncertainty of measurement it is necessary
for relative humidity transfer standards to be of suitable quality.

The majority of new developments in this field of measurement have been in the use of
micro-electronics and signal processing to produce "electronic" RH instruments, but more
traditional measurement techniques like wet-and-dry psychrometers, and cooled mirror
hygrometers are still widely considered to produce the highest quality measurements.

In this project several hygrometers of different makes and types were selected and their
performance examined over a period of time greater than the usual interval between
calibrations. The instruments were subjected to calibrations against the standards at NPL at
the start of the project, at the mid point and at the end of the project. The calibrations were
separated by periods of simulated use at TUv Product Service, Assessment Service,
Fareham.

The ease of use of the electronic RH instruments can give a false impression of the
complexity of the measurements they are making. Significant calibration corrections were
found and one probe suffered from a stem conduction effect.

The electronic rh instruments tested showed stability and reproducibility similar to that
shown by the industrial condensation hygrometers and the psychrometer of better than
1.5%rh. The measurements of temperature were reproducible to better than 0.3 °C

The more traditional instruments, the psychrometer and the dew point meter, actively
affected the environment they were trying to measure.

In general the instruments tested performed well, but from the 5 %rh spread in the agreement
between the hygrometer initial readings it was apparent calibration is necessary preferably
under exact conditions of use. Some of the instruments that were subjected to temperatures
up to 70 °C developed faults, and repairs that would not affect the previous calibrations were
implemented where possible. But on some instruments, a full range of tests were not able to
be performed. This indicated that it is important to consider the appropriateness and
robustness of a given method of measurement and instrument.

I
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INTRODUCTION1

The aim of this project was to improve the dissemination of relative humidity standards to
UK industry by identifying those commercially-available instruments which are most suitable
for use as high-accuracy transfer standards and for best uncertainty in the measurement of
relative humidity (rh) in the most critical applications.

The recent development of a high-accuracy rh calibration facility at National Physical
Laboratory (NPL) as part of National Measurement System (NMS) provision of UK humidity
standards has enabled relative humidity transfer standards to be calibrated to a high level of
accuracy.

In order to disseminate the improved uncertainty of measurement it is necessary to identify
suitable instruments for use as transfer standard devices. These will be cornrnercially-
available instruments which have been demonstrated to perform to the very highest level
across part or all of the measurement range.

The majority of new developments in this field of measurement have been in the use of
micro-electronics and signal processing but it is still of value to consider more traditional
measurement techniques like wet-and-dry psychrometers, which are still in widespread use.

While it is true that psychrometers are most suited to measurement at higher values of rh, and
that electronic probes are often unsuited to use at high ambient temperatures, it is appropriate
to test all the devices over the full range of operating conditions specified by the
manufacturers.

There have been previous studies 1.2 of rh devices but the continued development and

improvement of these instruments necessitates further evaluations to enable the end user to
make sense of the varied claims, and to choose the most appropriate device for their purpose.
As psychrometers have been particularly well documented over many years and have
undergone limited change, it is therefore worth discussing previous work. For electronic
probes which are still evolving, historic literature has less relevance.

While it is valuable to examine the test instruments in ideal conditions it is realized that in
practice this is not always how they are used. The issue of "conditions of use" is too large to
be fully addressed within this project. For the purpose of the practical evaluation of devices
within this project, all the current "best practice techniques" have been adopted as far as
possible, consistent with advice from the suppliers of instruments evaluated. However it is
recognized that there is the need to set limits on the conditions of use for psychrometers, and
a basic summary of previous work in this area involving the effect of the major factors (such
as air flow rate, wick construction, preparation and cleanliness) has been carried out.

DEFINITIONS2

Some simplified definitions:

Relative humidity -The ratio of the actual vapour pressure to the saturation vapour pressure
over a plane liquid water surface at the same temperature, expressed as a percentage.

Dew point -The temperature at which dew, or condensation, forms, on cooling a gas.
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Water vapour pressure -That part of the total pressure contributed by the water vapour.

Hygrometer -An instrument for measuring humidity. water ivapour content or moisture
content of a gas. .t"

Psychrometer -A hygrometer which measures evaporative cooling, which is related to
relative humidity or water vapour pressure. .1..1.,

Electronic relative humidity probe -A hygrometer which senses the change in electrical
property of a material with change in relative humidity. JJ

Cooled-mirror hygrometer -A hygrometer which measures dew point by cooling a mirror
element and measuring the temperature at which dew or frost begins to form on it.

3 CURRENT STATE OF THE ART

3.1 NATIONAL STANDARD

NPL holds the national standards for many quantities, one of which is humidity. These
standards provide the measurement traceability for accredited laboratories, UK industry and a
route of traceability for measurements made in many other countries. The humidity facility
consists (j)f a gravimetric hygrometer and three humidity generators covering a dew-point
range of ..75 °C to +82 °C. The NPL Primary Gravimetric Hygrometer (PGH) is the ultimate
standard for mixing ratio, with an uncertainty over parts of its range that is ten times better
than any humidity generator. The humidity generators provide the calibration service for dew
point and now also relative humidity, and have been validated as primary standards in their
own right with traceability to temperature standards. An additional route for traceability for
the humidity generators is to mass standards via the PGH and an extensive programme of
intercomparisons has been carried out against the Standard Humidity Generator (SHG). The
uncertainty with which the NPL humidity generators can supply a generated dew point ranges
from :t 0.03 °C to :t 0.1 °C.

Recently, a new rh calibration facility has been commissioned at NPL. This facility enables
the calibration of rh devices directly against a national standard, with a corresponding
improvement in calibration uncertainty. The uncertainty in the generated condition is :t (0.5%
of reading +0.1 %rh).

3.2 CALIBRATION SYSTEMS

High quality calibrations of rh are in general derived from the measurement of dew point and
a separate temperature measurement. The dew point measurement is generally made using a
cooled mirror condensation hygrometer calibrated with reference to the national standard
dew point generators held by the NPL in the UK. A stable environment with respect to both
dew point and temperature has to be created to enable a well defined rh to be generated. The
main contributions to the uncertainty of this technique are the stability of the controlled
environment and the calibration of the standards used.

The typical uncertainties in the generated condition derived fro~ this method are at best 1 %
of reading. I

It is good practice (e.g. recommended by UKAS) that statements of calibration uncertainties
contain a contribution from the instrument performance while under test. Many of the

2
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contributions from the test instrument are not always determined e.g. hysterisis and
repeatability, but the resolution and short term stability (e.g. standard deviation of the set of
measurements) can easily be incorporated.

INSTRUMENTS

There are principally three types of rh instrument which present the best options for high
quality rh transfer standards: dew-point condensation hygrometers with a separate
temperature measurement, psychrometers and electronic rh probes.

3.3. Dew point

At present general practice for high quality laboratory rh measurements is to use dew point
condensation hygrometer and a separate temperature measurement. These measurements are
converted into rh using established formulae.
A small mirrored surface within a measurement head is cooled using a peltier heat exchanger
until moisture condenses onto the surface. The thickness of this film is controlled optically
and the temperature of the mirror is measured, this is the effective dew-point temperature.

Psychrometers

A psychrometer, or wet- and dry-bulb hygrometer, consists of two temperature elements one
covered by a wetted sock with a thermal barrier between the temperature elements. The
evaporation of water from the wetted sock causes its temperature to fall. This temperature
drop or depression can be converted into a value of rho

The correct operation of a psychrometer is dependent on a adequate and steady flow of air
over the sensing elements, and the best psychrometers are equipped with a fan or impeller to
maintain the necessary air flow -typically of 3 m S'I,

Electronic probes

This type of rh measuring instrument typically incorporates a thin-film sensing element in
which an electrical property (resistance, capacitance, complex impedance) varies consistently
with changes in humidity. The principle of operation of this type of device is not in any sense
"fundamental" and so a calibration against a proven standard is essential. The high gas flow
rate required for psychrometer calibration is not required for electronic devices, but they have
other limitations, such as linearity, repeatability of measurement at maximum and minimum
rh values (depending on the sensor type), temperature coefficient and the likelihood of
permanent damage if subjected to condensation conditions (i.e. rh of 100%) although many
modem probes are specified by the manufacturer to withstand these conditions.

3.4 MEASUREMENT PROBLEM

Manufacturers' uncertainty claims for many rh instruments are now smaller than that
achievable for many calibration systems and to substantiate the advertised performance is
difficult without access to a top quality calibration system.

3
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4 APPROACH TO THE EVALUATION

4. GENERAL APPROACH

The direct calibration of appropriate high-quality rh measuring instruments against the
National standard, will help to reduce some of the limitations on uncertainty of rh
measurement. However before this benefit can be disseminated to industry, it is essential to
identify the most suitable instruments for use as rh transfer standards

The purpose of the study has been to compare the performance of different types of relative
humidity hygrometer to the best uncertainty achievable, using Ithe newly-commissioned rh
calibration facility at NFL. !

Usage

In assessing the potential of measuring instruments for use as transfer standards it is essential
that during the evaluation period the instruments are subjected to use of the type which may
be expected in service. The pattern of use may involve both laboratory and field
measurements. To ensure a representative pattern of usage during the tests, the instruments
have undergone simulated usage at the UKAS-accredited testing laboratory of TlJV Product
Service, Assessment Service, Fareham. Details of the tests performed by TOY are given in
their reports which are included in this document as Appendices B and C.

Length of the tests

To investigate the stability of the test instruments it is essential that the time span of the tests
is longer than the typical re-calibration interval, which for these types of devices can be upto
one year, dependent on conditions of use and required uncertainty of measurement.

4.1.3 Calibration of psychrometers and other sensors

To provide a meaningful and applicable calibration it is sensible to simulate the same
conditions as in use. For psychrometers the best approach is to place the device in a chamber
through which gas at a controlled humidity flows at a controlled rate. For comparable thermal
conditions the impeller must be operating during the calibration. This necessitates the control
of the flow rate in the calibration system to closely match that of the psychrometer and
simulate operation in free air.

For this reason it is necessary to have a calibration system which is capable of generating a
high but variable flow rate.

For the calibration of other devices the rate of flow across the probe in general needs to be
less.

4.1.4 Temperature

Although temperature is not the main theme of this project it obviously has a great effect on
the measurement of relative humidity. For the electronic rh probes the minimum effect would
be the temperature compensation applied, but other more fundamental effects may be less
obvious.

4
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Previous work

In selecting a device for use as a transfer standard, consideration must be given to its
calibration performance and long term stability, and these issues are addressed by the work
described above. However another issue, which is of particular relevance to the use of
psychrometers, is that of conditions of use. It is known that the air flow rate, the construction
and cleanliness of the "sock" and the cleanliness of the water in the reservoir can
significantly affect the performance of a psychrometer. A full study of these issues is beyond
the scope of this project. However it is essential to provide some guidance as to the
limitations that conditions of use impose on the performance of psychrometers as transfer
standards. A small-scale literature study has been carried out detailing the effects of the
major factors, and this is summarised in Appendix A

THE NPL RELATIVE HUMIDITY CALffiRA TION SYSTEM4.2

The calibration system 3,4.5consists of two parts

High flow rate calibration system

This system consists of a high flow rate humidity generator which has a calibration chamber
surrounded by a temperature conditioning coil, immersed in a well-stirred temperature
controlled fluid bath. The instrument is located in the re-circulation path of the generator with
a flow rate of up to 700 litres per minute, which gives an air flow velocity of 3 meters per
second in a chamber big enough to house the test psychrometer.

Low flow rate calibration system

This system also consists of a chamber and conditioning coil immersed in a well-stirred bath.
The principal difference in its mode of operation is that it is placed in the "bleed-off' path of
the appropriate generator, rather than in the re-circulation path. The gas passing through the
chamber is vented to the atmosphere. This has the advantage that the re-circulation system of
the generator is protected from contamination, but the flow rate is limited to a maximum of a
few litres per minute.

TEST PLAN5

The work was split into seven stages:
.instrument selection phase
.initial calibration of the set of instruments at NPL
.first industrial simulation period at TOv
.second calibration at NPL
.second industrial simulation period at TfJV
.final calibration at NPL
.evaluation and report.

The planned interval between the first and last calibrations was 14 months. In this way the
performance of the instruments was evaluated over a period longer then the usual calibration
interval.

5
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The test instruments were subjected to simulated use, involving temperature and humidity
cycling in an environmental chamber. In each case, a log of practical and/or simulated use for
each instrument has been maintained.

In parallel with the calibration and use of the devices being evaluated, a study has been made
of the principal component uncertainties arising from variations in certain conditions of use
for psychrometers has been investigated. In particular the effects of different air flow rates
and the selection and cleanliness of the wick or wet sock have been examined.

6 INSTRUMENT SELECTION

6.1 SELECTION CRITERIA

In general to be identified as suitable for use as a transfer standard a particular type or class
of instrument must demonstrate:

an ability to make repeatable measurements, with an appropriate uncertainty, throughout
the specified (rh and temperature) range 11

a robustness such that perfonnance is not adversely affected by typical conditions of use

a long-term stability consistent with an appropriate re-calibration interval (typically one
year, though if appropriate a shorter re-calibration interval may be recommended).

6.2 RELATIVE HUMIDITY HYGROMETERS

A number of leading suppliers of electronic rh probes consider their instruments suitable for
use as transfer standards, and Rotronic Instruments, Vaisala UK, Testo and Novasina
submitted instruments for this evaluation. One of the UK's leading suppliers of standards-
quality psychrometers, Automatic Systems Laboratories pIc, submitted an instrument for the
evaluation, and Michell Instruments submitted an rh system based on an industrial cooled
mirror hygrometer. The manufacturer of each instrument for the assessment specified an
appropriate measurement range.

In past experience, electronic rh probes have suffered from drift after being subjected to
extremes of condition or cycling to high temperatures, so to obtain meaningful results two
sets of electronic probes have been tested. One set were subjected only to ambient
temperatures of approx. 20 °C to 25 °C and rh values from 20%rh to 80%rh. The other set
were subj~cted to a greater temperature and rh range, but within their specifications.

6.3 INSTRUMENTS SELECTED

The instruments selected for the tests at an ambient temperature of approximately 23 °C
were:

6
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The instruments selected for tests at elevated ambient temperatures were:

* Accuracy is a poorly defined term and is assumed to mean either; maximum calibration

correction, or maximum deviation from the true value between calibrations, or projected

uncertainty If 1

Manufacturers specifications (where available) are given in Appendix B

EVALUATION PHASE7

On arrival at NPL the instruments were calibrated using one of the NPL humidity generators
The low temperature probes were subjected to relative humidities of 20%, 40%, 60%, and
80% at an ambient temperature of approximately 23 °C. The high temperature probes were
subjected to relative humidities of 20%, 40%, 60% and 80% at ambient temperatures of
20 °C, 50 °C and 70 °C. Some additional points at 10% and 90% were taken and some points
at 80 °C were also examined. II

This first calibration was followed by a period of simulated use at TOY detailed in Appendix
C. The second calibration was performed similar to the first and again followed by a period
of simulated use at TOY detailed in Appendix D. A third calibration was performed followed
by a further calibration of the high temperature probes, this was an attempt to gain a full set
of data for each probe, due to the unexpected breakdown of several of the instruments during
earlier tests.

8 RESULTS

8.1 MEAS UREMENT RES UL TS

As there have been extensive measurements the results are presented graphically for
simplicity. The data points are joined by lines only to guide the eye. A full set of calibration
corrections are detailed in Appendix E.

The graphs show the maximum deviation of the calibration corrections from the mean
correction for the calibration runs. hI this way a quantitative comparison of the stability of
each instrument can be made.

Graph (a) shows the values for the electronic probes subjected to only 23 DC.

Graph (b) shows the values obtained for the psychrometer and the dew-point meter at
temperatures of 23 DC, 50 DC, and 70 DC.

7
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Graph (c),(d) and (e) show the values for the electronic probes subjected to ambient
temperatures of 23 DC, 50 DC and 70 DC. For the Testo probe there is also a maximum
deviation from the mean for runs 2,3,4 as will be discussed later, problems with stem
conduction were encountered during run 1.

In general the results show good repeatability of better than 1.5%rh over the length of the
project, with the psychrometer, dew-point meter and some electronic probes repeating to
better than 1 %rh.

10 50 80 90

Applied rh (%rh)

Graph (a). Shows the maximum deviation from the mean correction for the electronic probes subjected
only to ambient temperatures of approximately 23 °C.
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cooled mirror hygrometer and the psychrometer.
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Graph (c). Shows the maximum deviation from the mean correction at 23 °C for the electronic probes
subjected to high ambient temperatures.

2.5. --~-- ,__~i.~~ ,

20

80 90

~
\

:2'
~ 15-
C
0
~
ca
'>
GI 1
"C

-E

\ /

;y

~~

"

). ~,

0.51

10 40 60 60

Applied rh (%rh)

Graph (d). Shows the maximum deviation from the mean correction at 50 °C for the electronic probes
subjected to high ambient temperatures. .(I; lk .., 1.
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8.2 PROBLEMS ENCOUNTERED

The first calibration run on the electronic rh probes was perfonned using a chamber
approximately 150 mm diameter and 200 mm deep. The sensing element of the probes were
positioned centrally in the chamber. By examining the calibration data it appeared that, at the
higher temperatures the long Testo probe had suffered from an c~ffect known as stem
conduction. This is where thennal transfer along the stem or shaft of the probe is seen as an
error in the temperature reading. fu this case it could either be the temperature effect on the
electronics in the handle or the to the sensor itself. The probe had a metal shaft approximately
300 mm long and had approximately 150 mm protruding from the measurement chamber into
an outer chamber held at up to 60 °C, which was the maximum temperature specified for the
handle. To overcome this effect subsequent calibration runs were perfonned in a larger
chamber enclosing at least 250 mm of the probe shaft.

During the first calibration the sensor terminals of the psychrometer corroded and one of the
matched pair of PRTs malfunctioned. Consequently both PRTs were replaced, and the
psychrometer recalibrated.

The dew point hygrometer at first would not give a stable output at elevated temperatures and
an adjustment to the electro-optics to alter the light intensity of the photodiode was required.
This adjustment is detailed in the instrument manual and required the removal of the front
cover of the instrument electronics.

During the first simulated use tests the high temperature Rotronic A2 probe developed a fault,
where the temperature read -160 °C but the humidity read correctly. The instrument was sent
for repair. The electronic indicator for the high temperature Testo probe developed a fault,
possibly the effect of replacing the batteries in the wrong way round. The electronic display
unit was sent for repair.

No problems were encountered during calibration run 2 and the second! industrial tests.

During Calibration Run 3 the high temperature Rotronic A2 instrument developed a fault,
where it displayed 13%rh regardless of the rh supplied and with no indication that the reading
was erroneous. Also part of the casing for the end protection screen broke off.

During calibration Run 4 in the larger chamber, the high temperature Testo probe developed
a fault when subjected to 90%rh at 70 °C, possibly due to the ingress of steam which may
have condensed inside the colder handle adjacent to the chamber exit port.

9 DISCUSSION

9.1 GENERAL

From the spread of humidity results of the first calibration it can be seen that some of the
instruments readings were outside the manufacturers specification by more than 4%rh,
highlighting the need to have a traceable calibration to provide the c:orrect value. From the
sets of results it can be seen that after this initial calibration, in general, the readings from the
electronic rh instruments vary from the mean of the sets by a little more than 1 %rh whereas
the cooled mirror hygrometer and the psychrometer varied by a little le:ss than 1 % rho

The operational aspects of the dew point meter and the psychrometer were more labour
intensive than other rh sensors, e.g. cleaning the mirror and wick which are active checks on

10
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the operation of the instrument. To clean the mirror the instrument must be re-balanced,
which heats the mirror to removing the dew film. During this operation the displayed
temperature of the mirror can be observed ensuring that both heating and cooling are
operational. The wick of the psychrometer must be removed to clean it, while the wick is off
the temperature of the two probes can be observed and should read closely the same
temperature. These observations are extremely useful and check part of the operation of the
instruments at regular intervals. A more definitive check would be to compare the humidity
reading with a second instrument. These are checks that can also be performed with the
electronic rh instruments. Additionally these electronic probes can be checked against
verified salt solutions.

9.2 TEMPERA TURE

Apart from the initial stem conduction effect in run 1, all the hygrometers tested showed
reproducible measurement of temperature to better than 0.3 °C

9.3 ELECTRONIC PROBES

The results show the rh deviation from the mean correction for each instrument. In this way
the performance in terms of repeatability for all the instruments can be compared. The
correction graphs at different temperatures show distinct differences in shape. This reinforces
the need for calibration throughout the temperature and humidity range of use.

No failures were encountered with the instruments maintained at ambient temperatures of
approximately 23 DC, the drift and repeatability over an interval of one year were better than
1.5% rh and in general within the manufacturers specification.

The probes that were subjected to elevated temperatures experienced some problems, This
suggests that their suitability could be improved in terms of robustness.

The anomalous readings given by malfunctioning probes suggests that good practice would
be to perform periodic checks against a bench mark (e.g. a separate probe or a salt solution
capsule) to ensure that the instrument is operating correctly.

In general we found the probes that were entirely enclosed in the measurement chamber
performed better, being more robust and did not suffer from "stem conduction" effects at
elevated chamber temperatures. On the other hand the probes with long stems that protrude
into the measurement chamber have the advantage of instant and easy maneuverability.

PSYCHROMETERS9.4

The operation of the psychrometer necessitates the evaporation of water from a wetted sock.
Consequently this water mixes with the surrounding air effectively locally increasing the
relative humidity. If the psychrometer is used to measure in an enclosed space the increase in
rh could be significant.

COOLED MIRROR HYGROMETER9.5

The problem of a different calibration curve for different temperatures encountered by the
electronic probes is to a great extent avoided by using a dew point and separate temperature
measurement. The problem in this case is that the for very low rh values the cooled mirror is
some tens of degrees below the ambient temperature. To attain this temperature the peltier
heat exchanger will rise significantly in temperature. The variations in the thermal
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distribution across the cooled mirror are therefore significantly greater than if the same dew
point were to be measured at a lower ambient temperature. This effect can be overcome by
removing the cooled mirror hygrometer from the measurement chamber and sampling the gas
through a tube, maintaining the hygrometer in the ambient temperature conditions in which it
was calibrated. Additionally this would also remove the possibility of the excess heat from
peltier heat exchanger locally heating the chamber. For static environments and chambers
with a slow air flow rate this could present a problem.

The cooled mirror dew-point hygrometer light intensity needed to be adjusted to work at
elevated temperatures. This was not initially obvious.

With a cooled mirror dew-point hygrometer there is a need to clean the mirror properly at
regular intervals to avoid the buildup of contamination, as this can effect the reflectivity of
the mirror and also means that the film is no longer pure water but a solution which will
introduce errors.

At some rh values measured, the corresponding dew point was below 0 °C. The dew-point
meter supplied did not indicate whether the condensate on the cooled mirror was ice or
supercooled water. The effect of using the incorrect phase would give an error corresponding
to 1 %rh at 10%rh and 20 °C

CONCLUSION10

The ease of use of the electronic RH instruments can give a false impression of the
complexity of the measurements they are making, as demonstrated by the experienced users
during this test. The significant calibration corrections, the effect of stem conduction, the
need for adjustment to the dew-point instrument light intensity and the erroneous results were
only evident after close examination of the calibration results.

Out of the hygrometers tested, the psychrometer and the dew point meter actively affected the
environment they were trying to measure.

The electronic rh instruments tested showed stability and reproducibility similar to that
shown by the industrial condensation hygrometers and the psychrometer of better than
1.5%rh. All the measurements of temperature were stable to better than 0.3 DC over the entire

study.

Some of the instruments that were subjected to temperatures up to 70 °C developed faultS
(this extended the time scale of the project). Repairs that would not affect the previous
calibrations were implemented where possible. But on some instruments a full range of tests
were not able to be performed, indicating that the robustness of some of the instruments was
not up to that required for the full temperature range specified for the instrument.

When an instrument is to be used for calibration, adjustment is discouraged so that the
calibration history can be built up and the long term performance of the instrument can be
evaluated.

An aspect of the identification of appropriate transfer standards which has been partially
addressed by this project is that of "conditions of use" of the various instruments. This issue
is particularly relevant to psychrometers, in which the performance can be severely affected
by a number of factors, ranging from the flow rate of the air over the sensors to the purity of
the water in the reservoir and the construction and cleanliness of the wick. For electronic rh
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probes consideration should be given to the selection of an appropriate screen or baffle for
the active element. As the operation of the electronic probes normally have no intrinsic
checks (unlike psychrometers where the two temperature probes can be compared against
each other) periodic checks should be carried out against another standard or salt solutions
that generate stable values of humidity.

This study can only report on the individual sensors tested. Only a small selection of different
instrument manufacturers were used to obtain an illustrative sample of the types of
instrument available and there is no suggestion that instruments not used in these tests are in
anyway inferior.
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Al APPENDIX I -LITERATURE STUDY ON PSYCHROMETERS

SUMMARY OF LITERATURE SURVEYAl

This is a summary of a literature survey carried out in order to investigate the influence of a number of factors
that affect the function and repeatability of psychrometric devices and the determination of a value of the
psychrometer coefficient, A. This survey looked at a small selection of the literature available relating to the
use and design of a psychrometric device under the following headings:

.The choice of measuring element

.The effect of the shape and size of the measuring element

.The effects of changing the orientation of the element

.The effect of the length of the wick

.The choice of material for the wick

.The effects of wick contamination

.The effects of air velocity on the function of the device

Other factors which could potentially affect the function of psychrometric devices were also noted.

Al.2 INTRODUCTION

A psychrometer is a device used to measure relative humidity. It works by comparing the temperatures of two
measuring elements, one of which is covered by a sheath of material that is soaked with water or ice (wet
sheath or wet bulb). The effect of the wet sheath is to reduce the temperature of one of the elements, and this
effect is known as depression. The measured temperatures are converted into vapour pressure values which
are then used to determine the relative humidity (rh) value. For ventilation in a given range of air velocities
the depression is directly related to the relative humidity.

The vapour pressure is calculated using the following fonnula known as the psychrometric fonnula

e = e'-AP(t -tw)

Where e I is the saturation vapour pressure of water at temperature two P is the total barometric pressure ( in the

same units), and A is the established value of the psychrometer coefficient (e[1:;an be calculated using the
formulae due to Sonntag 1990, updated from formulae given by Wexler, 1976 and 1977).1.20

A nominal value for A may be used which will lead to approximate values for relative humidity to which
corrections may be applied. The applied corrections will depend on the individual psychrometer being
calibrated against a traceable humidity standard in terms of relative humidity. 1,23,28,29

Relative humidity values are then calculated from the vapour pressure values obtained, using the following
formula:

e
Relative humidity ( in %) = -x 100

e.,

where e is the actual vapour pressure of water and es is the saturation vapour pressure of water at the
prevailing temperature and barometric pressure.!

Al
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BACKGROUNDAl.3

The first recorded measurements of humidity were in China in 150 BC but it was not until the late 18th
century that the psychrometer first appeared and the principle of a temperature drop due to the effect of
evaporative cooling of a wetted temperature element, used as a measure of relative humidity. The Englishman
Hutton experimented with the principle in 1792 but it was not until 1887 that significant progress was made,
when Assmann developed the ventilated psychrometer. His development led to a more accurate and faster
responding instrument and the principle and design are still in use today.21.29

Since this time there have been more than a thousand papers written about psychrometers. The literature has
been reviewed on several occasions, most notably by Sonntag (1967), Wylie (1978) and Visscher (1995).
Although there is some difference of opinion between the authors of these reviews as to the relevance of some
of the references, it is clear that there are a considerable number of factors related to the fundamental design
and use of psychrometers which have been found to be important and repeatedly investigated.23.29

This survey has taken a few of these factors and looked at the information relating to them in a number of
papers. All of the factors investigated, relate to the basic design and operation of a psychrometer in normal
ambient conditions. If a psychrometer is to be used in an unusual location or condition then there may need to
be further refinement to its design and mode of operation to cope with local conditions.J4.J5

As well as examining the effects of choice of element, size and shape of element, orientation of element,
choice of wick material, effects of wick contamination and effects of changes in air velocity there are a
number of other factors to consider when designing and operating a psychrometer. These include the effect of
the psychrometer on its environment, the effects of radiation from the temperature elements, the effects of
stem heat conduction, the influence of radiation shielding in the body of the psychrometer for the temperature
elements, radiation effects due to the material and surface of the body of the psychrometer and radiation
effects due to the sun. These factors are particularly important if the psychrometer is to be used in the field.
Shielding is required to prevent the close proximity of the temperature elements affecting each other and
reduce radiation effects from the sun.20.24 For a standards level psychrometer, a black body has been suggested
as the best solution to reduce the affects of thermal radiation but in the laboratory or field it may be more
usual to use a highly polished stainless steel body. The design of the frame or body of the psychrometer is
also important as there is a requirement to ensure that there is no disruption to the flow across the temperature
elements, and that the heat from the motor on the fan is dispersed and does not introduce extraneous thermal
effects. Visscher, Wylie and Lalas all comment on the importance of the psychrometer frame design.23.24

Another important factor which affects the validity of the data obtained using psychrometric device, is the
size and fit of the wick. This is particularly significant as a poorly fitting wick will impair accurate
measurement of depression on the "wet bulb" and thus the final values of relative humidity obtained from the

12temperature measurement.

All of these factors combine to affect the validity of the results obtained using a psychrometer. The survey
shows that in past studies, the main approach has been to characterise a specific instrument design, and either
by experiment or theoretically, to produce a global coefficient for any instrument conforming to that design.
However there is evidence to show that this coefficient can vary significantly from one instrument to another
as well as from one design to another.

From the survey it can be seen that the values of rh obtained using a psychrometer, and the value of the
psychrometer coefficient, A, depend on the design, construction, components and operating procedures used.
The factors investigated during this survey have a direct influence on the repeatability and accuracy of a
psychrometric device and should be taken into account in design, construction or operation.
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CHOICE OF TEMPERATURE MEASURING ELEMENT

The choice of the temperature measuring element depends on the preference of the manufacturer and the
environment in which the device is to be used. Most types of temperature measuring element can be used
providing they are calibrated and the characteristics known. However, consideration of factors such as
response time or for example, the effect of a break in the liquid column of a liquid-in-glass thermometer need
to be taken into account. For convenience, the choice is most likely to be a platinum resistance thermometers
as the data from this type of element can be easily (and remotely) collected using a data logger but liquid-in-
glass thermometers and thermocouples also have their advantages. Ideally the temperature element chosen,
should be such that, when calibrated, it has an uncertainty of :to.O5K but no worse than :to.lK.2O

SIZE AND SHAPE OF THE TEMPERA TORE ELEMENT

Published reports of work relating to the size and shape of the temperature element indicate that a difference
in the shape and dimensions can have a direct effect on the response time of the thermometer. 12 This can lead

to a false depression value and so it is important to ensure that the thermometers chosen for the wet and dry
bulb measurements are of matched shape and size, otherwise comparison of the temperatures will lead to
greater uncertainty. For example, if the two PRT s (platinum resistance thermometers) in a psychrometer are
calibrated with an uncertainty of :to.05 °C (at the 95% confidence level), this would give a worst case total of
0.1 °C. An error of 0.1 °C between the two temperatures, could in turn lead to an error of over 2% rho This
indicates that matching of the temperature elements is important and that it applies to all types of temperature
element, but evidence indicates that it is particularly significant when liquid in glass thermometers are
used. 12.23.24 This highlights the need to apply calibration corrections to thermometers wherever possible.

ORIENT A nON OF THE ELEMENTS

The orientation of the elements in the air stream and their positions relative to each other can affect the
depression values. In general, the preferred option seems to be that, the orientation of the element should be
transverse to the flow. This ensures that the sensing part of the element is fully immersed in the flow path of
the saturated gas and is more likely to indicate the correct temperature. Relative positioning of the elements is
also important as this may affect the wet and dry bulb temperatures. The elements should be positioned so
that they are both subject to the same conditions and so that the elements do not influence each other through

d.. f ~ b ..-C . h fl h h . I 14152426ra lahon elects or y causIng an mtellerence m t e ow pat across t e measunng e ements. ...

THE LENGTH OF THE WICK

The type of temperature element chosen will partially determine the length of the wick. Investigations into the
importance of the length of wick (or sheath) used, have shown that this is a significant factor and that it
directly influences the effects of stem heat conduction. This is because the effects of stem heat conduction
vary according to the type of temperature measuring element used. Evidence shows, that in order to compare
two psychrometers with different types of temperature element, the effects of stem heat conduction need to be
minimised so that in effect they are the same for both types of temperature element. This is achieved by using
different lengths of wick material. Combating the effects of stem heat conduction will ensure that the values

I ' h od o b I I d I ' bl 712,141524re atlve UInl Ity can e ca cu ate more re la y.' .0

Al.8 THE CHOICE OF WICK MATERIAL

The aim when choosing a material for the wick, is to use a material which will form as smooth a surface as
possible (so as to emulate a smooth cylinder of water). Also the material should supply water to the wet bulb
from the reservoir in a uniform manner so that the ice or water sheath is consistent and the depression values
are not adversely affected. ill determining the choice of material for the wick there seems to be universal
agreement that natural fibres, cotton, muslin or linen are the best choice.2,3,12,24,26 The material chosen should
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also not be too thick as this will affect the depression values. There is some evidence of the use of man-made
fibres and other substances such as gelatine, but the evidence also suggests that use of these will increase the
value of the psychrometric coefficient, A and so should not be used for accurate work.24.25.27 As a general rule,
the wick material supplied with the psychrometer should be used. This should ensure that the wick material is
of the correct size to fit the temperature measuring elements, that the material is suitable for the purpose and
that (once the wick has been cleaned) that there should be no contamination problems. Some of the literature
surveyed recommends the use of cotton windings for the wick but in practical terms and for convenience this
may not be the best option24.26

EFFECTS OF WICK CONT AMINA nONAI.9

Contamination of the wick will affect the equilibrium rate of evaporation from the wick and therefore it is
necessary to ensure that the wick is clean and free from contamination. The cleaning process should ensure
that the wick is grease free and free from other types of contaminant. There is some evidence to suggest that
flushing of the wick using purified distilled water is sufficient to remove contaminants and that further
flushing or cleaning will not reduce the value of the psychrometric coefficient, A. However other evidence
suggests that a more stringent cleaning process is required to eliminate the effects of contamination on the
determination of A. Investigations by Wylie indicated that the depression reading was changed by 29mK for a
monomolecular contaminant and 290mK (over 4%rh) when the wick was contaminated with hand grease.24,26
In practice, in field or industrial use, the effects of contamination could be worse. All of the literature relating
to wick contamination recommends that the wick is changed frequently to combat the effects of
contamination on the depression values and the validity of the psychrometric coefficient.

Al.lO THE EFFECTS OF AIR VELOCITY

The final factor considered during this survey was the effect of air velocity on the operation of the
psychrometer and the determination of the psychrometer coefficient. There is wide agreement between
various authors that at speeds in excess of 3m S.1 (or 1m S-1 for thermocouples) the wet bulb depression
approaches a limiting value and above this speed, the psychrometric constant becomes virtually independent
of the ventilation rate (up to a limit of 10 m S.I) and of the geometry of the wet bulb. However there is also
evidence that too low or too high a ventilation rate will introduce other errors which may seriously affect the
validity of the data obtained. This is particularly significant for psychrometers which are designed so that they
do not have forced ventilation but have to rely on the local conditions to produce a flow of air across the

h d d . 1 2467121415161718202123-30temperature elements and t us pro uce a epresslon va ue. ' , '. , .

AI.I DISCUSSION OF FINDINGS

This survey concentrated on a specific set of influences which can affect the function of a psychrometric
device. Whilst these factors are significant, it was also shown during the survey that there are a number of
other considerations which need to be taken into account in order to design, construct and operate a
psychrometric device effectively.

As the design of a psychrometer can take various forms there are many critical areas to be considered, some
of the most important are:-

.Heat conduction from the instrument body to the temperature probes

.Ineffective radiation shield between the wet and dry probes

.Radiation from the instrument body to the wet probe

.Insufficient or varying air speed (aspiration rate) !I,

.Incorrect fitting of the wet sock t
I.Reservoir at the incorrect temperature '

.Poorly matched (or uncalibrated) temperature elements 1
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Most users do not expect to have any control over most of these decisions. They are discussed here mainly to
raise awareness.

Much of the literature surveyed concentrates on the evaluation and detennination of a value for A, the
psychrometric coefficient for a device (or particular design of device). However in practice the value of A can
vary between devices of the same design as well as different design. This difference in the value of A may be
due to factors such as:

.Presence of water or ice on the wet sock

.The range of use

.Application of enhancement factor to correct vapour pressure values obtained

.Design and construction of device

.Effectiveness of design or specification

.Operation of device

This is illustrated in a study carried out by Sonntag for the World Meterological Organisation (WMO) on
Assman type psychrometers, which showed that even small modifications in design can cause errors when
measurements are needed at standards level. Later, (extensive) work by Wiley and by Fan and long on the
WMO approved psychrometer, showed that with exceptional care taken in the design and manufacture, good
agreement (under laboratory conditions) can be achieved between devices of the same design.

However, work by Wylie and Sonntag also put into dispute the traditional psychrometer constant of 6.6 x 10'
4, calculating it to be nearer 6.3 x 10-4 a difference of approximately 6%. This would cause an error at ambient
conditions (20 °C and 50% rh) of 1.2% rho This discrepancy between theoretical and practical values for A,
indicates that it is not sufficient to evaluate a psychrometer in terms of thermodynamic theory alone. Only by
comparison with a traceable standard in terms of humidity can the device be properly evaluated. The
calibration will give the correction to be applied to the data obtained using the device and allow a specific
value of A be determined and assigned (which only applies to that particular device).

As the design of psychrometric devices continues to be modified to suit different applications and to keep up
with advances in measurement technology there is a need to ensure extra factors are not introduced which
will influence or change the usefulness of the data obtained.

AI.12 CONCLUSION

The survey has shown that there are a considerable number of factors which need to be taken into account
when designing, constructing and operating a psychrometric device. There is also evidence that an analysis of
a particular design in terms of thermodynamic theory is insufficient and is likely to lead to a discrepancy
between the theoretical value of A, the psychrometer coefficient assigned to the instrument and the value of A
determined through practical evaluation.

This leads to the conclusion that each device should be considered as a single unit (made up of several
components). This "unit" should be calibrated against a traceable standard in terms of humidity. This will
then allow the determination of a value for A based on the calibration. This value is specific to the calibrated
unit and may not be applicable to units of similar design. Improvement in humidity standards over the last 30
years at primary level have been of such a quality that it is now possible to produce accurate, repeatable
reference humidities, thus enabling the verification of humidity measuring devices at the highest level.
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APPENDIX B INSTRUMENTS SPECIFICAllON



A 1 -for air measurement

Relative humidity and temperature reference unit
, Integrated, multi-positional air probe

, Large and clear display

.Simple operation
, Display HOLD k~y

.AUTO POWER OFF
, Low-Bat display

..Battery operated
°C or of version

Order code:

Version DC

Version cF

Technical data

AI
A1/FA
Page 11

M 1 -for solids, granular product etc.

Quality assurance unit for equilibrium relative humidity

and temperature
.Integrated, multiLpositional insertion probe made af

V4A steel with steel sintered filter

.Large and clear display

.Simple operatia~
HOLD key i

AUTO POWER Cl>FF

Low-Bat display

Battery operate~
"C or c'F version,

Order code:

Version DC

Version of

Technical data

M1
M1/FA
Page 11

51 -for stacks of paper

Measuring instrum!!:!nt for the paper industry

Integrated, multi-positional sword probe

Large and clear c:iisplay

Simple operation
HOLD key
AUTO POWER OFF

Low-Bat display

.Battery operated

.°C or :OF version

Order code:

Version °C

Version of

Technicai data

51
51/FA
Page 11



A2 -Display instruments for relative humidity
and temperature

Display instrument with analogueue output

.Analogueue ROV* output

.Compatible with all probes with ROV* interface

.Large and clear display

Simple operation
.HOLD key

AUTO POVVER OFF

Low-Bat dispi~y, battery, or mains adapter operatior,

.°C or of versio(l

Handheld probe see page 13

.Probes for water activity measurement see page 75

Order code
Version "C

Version of

A2
A2/FA

AM3 -Display instrument for relative humidity,
two temperatures and dew point, RS232

Display instrument to meet your most demanding requirements

Dew point com~uter
Input for additioral Pt100 probe

Compatibie with all probes with ROV' interface

Trend display

Minimax value memory
Windovvs software with logger and moisture calculation

functions

HOLD key

AUTO POWER OFF
, Low-Bat display, battery, accumulator or mains adapter

operation
, °C or of version

, Handheld probe see page 13

, Probes for water activity measurement see page 75

Pt100 probe see page 100
, Selectable display of: % rh/oC

% rh/oC external Pt1 00

:JCDP!"C

:>CDP/oC external Pt100

Order code

Version °C
Version of

AM3
AM3/FAExplanation of the ROV interface: see page 14



HP100A

,+60 °C

25mm 0 air probe
Temperature measuring range: -20
Sensor protection: wire mesh filter

see page 19Order code

HP100A -K10

15 mm (() air probe for extended range of applications

Temperature measuring range: -20 ...+ 60 :OC

Accuracy: :t 1 % rh with SCS calibration certificate

Order code see page 19

HP1 DCA -K25

15 mm () air probe for wide temperature range

Temperature measuring range: -50...+150 "C

Sensor protection: wire mesh filter

see page 19Order code

HP100A -K40

15 mm 0 air probe for widest temperature range
Temperature measuring range: -50...+200°C

(Type HP101A...)
Sensor protection: wire mesh filter

see page 19Order code:



ROV = ROTRONIC defined standard interface corresponding to: 10 mV/% rh or 10 mV/oC, (0% rh or 0 °C = OV)

see page 14



VAISALA



MEASURED VARIABLES ACCURACIES OF THE VARIABLES

Accuracies of the! calculated variables d~pend on the cali-
bration accuracy ()f the humidity and tetPperature sensors;
here the accuraci~s are given for 1:2 )/oRIji and 1:0.2 °C.

: Accuracies of dewpoint temperature °C

Relative humIditY

Relative humidity
Measurement range 0...100 %RH
Accuracy (including nonlinearity and repeatability)

when calibrated against salt solutions (ASTM EI04-85):

:t2 %RH (0.90 C)/oRH)
! :t3 %RH (90...100 %RH)

maximum achie~able accuracy when calibrated against

high-quality, ce~ied humidity standards:
:tl %RH (0...90 %RH)
:t2 %RH <90...100 %RH)

Response time (9q %) at +20 °C
in still air (with siqtered filter)
Humidity sensor i

1'; .,
HUMICAp. sensor

Temperature
!\lleasurement ran#

HMP231 --iO...+60 °C
HMP233! -*0...+80 °C or --iO..+120 °C
HMP234, HMP235 & HIvlP238 --iO..+IHO °C

Typical accuracy of electronics at +20 °C :to.l °C

Typical temperature dependence :to.OO) °C:,'oC
of electronics
Temperarure sensor Pt 100 IEC 75 1 1/3 class 13

CALCULATED VARIABLES (DEPENDS ON MODEL TYPE)

Typical ranges
HMP231

dewpoint temperature -40...+60 °C
mixing ratio 0...160 glkg d.a.
absolute humidity 0...160 gim.!
wet bulb temperature 0...+60 °C

enthalpy -40...+460 kJ/kg
HMP233, HMP234:, HMP235 & HMP238

dewpoint temperature 0...+100 °C
mixing ratio. .J 0...500 gikg d.a.
absolute humldl'jY 0...600 girri.!
wet bulb temperature 0...+100 °C

enthalpy -40..+1500 kJ/kg-,.

Accuracies of absolute humidi

Relative humidity
Temp 10 20 30 40 50 80 90 100
-40

-20
0

20

40

60
80

100
:20
140
160

0.004 0004 0.005 0005 0.005 0006 01.006 0006 --
0.023 002~ 0.027 0029 0031 0032 01034 0.036 --
0.10011; 0.120130.13 014 0~15 0.15 016 017
0.37 0.39 041 0.43 045 047 0[ 49 051 053 055

1081131181.24129134 139 1.44 149 154

2.73 2.84 2.95 3.07 3.18 3.29 340 3.52 363 374
608 630 6.51 6.73 6.95 717 739 761 783 8.05
12.2 126 13.0 13.4 138 142 1,,6 15.0 153 15.7
22.6 23.3 1123.9 246 252 258 2~.5 271 278 284
39.1 40.0 1 410 42.0 43.0 440 4~.0 459 46.9 479
635 649 ~4 678 692 70.7 7~ 1 735 749 764

I

CONNECTORS
Vs = power supply
ao = analog outputs

,. V POWER SUPPLY

;

AnaJogI

~
.huod ubi.

.hued ubI.

L'o~' ';,rioli.",Ia"

,h~d abk,bUN 

abi,

IAlann

O"'P"'
no 00='000" Accuracies of enthalpy kJ/kg (ambient pressure 1013 mbar)

,h."d abk

I 

~bl.
,h."d ,on
u .boft bo u. un'.
,un_., fn. do, RS232C
2 ,onn",.", RS232C ond A. .V,
2 ,onn"..", ,hued fM RS.85 on" V,

,h ,onn«,o,
,h I 'onn«..'

I 

abk

,b"od able ,hued abje ~,;'uod .onn~'"
,hu.d ,.nnoc'..

1151230 V POWER SUPPLY Analog

~
,hu.d Qbk,onn.,w,

I;

~ ~;~~POW" S,riai
'" I ;o...£.c,
abk

i\J=

OO'PO'
Ino ,0nn",'O" ,h.,od abk

1;;;1;i;

iTem. 10 20 i 0 4 5 I

r40 186 10 0.76 0.63 0.55 ., --,
-20 218 11 0.88 0.72 062 0.56 '0.51 048 --
0 251 13 i 1.00 0.81 0.70 0 57 053 0.50 0.48'

, I20 287 1 113 0.92 0.79 0 64 059 0.55 0.53
40 324 171 127 1.03 0.88 0 71 0.65 061 058!
60 3.60 19 142 1.14 097 0 78 0.72 067 0.64
80 401 2.1 158 127 108 0 86 079 074 0.70
100 442 2.41 174 140 119 1 95 (J87 081 0.76
120 486 2. I 192 154 131 1 04 0.96 IJ89 084,
140 531 2.9 2.10 1.69 144 1 14 105 G97 0.91
160 580 3.1 i 2.30 185 157 1 24 114 106 099



H M P243

Dewpoi nt
Transmitter

VAISAlA



l\1easurement ran,~ ~ -40...+l00 °c Accuracy: find the .ntersection of rhe dewpoint remper~ture

curve ~nd the dew oint difterence re~ding (proces.-;

temperature -dew oint temper~ture) on the x-:lxis :md

re~d the ~ccuracy i dewpoint me:lsurement ~t thl:: Y-:lxis

i

5 ,Dewpolnl temperature rC) 0 20-.40
~ i -40 -20 60
E
~ 4
a;
:;
~ 3
E
E
15
Co 2
~'""
5
>. 1"'"
:'1

Temp.
~

-20

i 0

20
'40

60
80

100

120

140

160

Ac~ur.lcies of .the~ alc~lated var~a~les depend on the
calIbr.ltlon accur.l r of the humIdIty and1temperature

-;ensors: here :t<O.: O;(jRH + 2')1, ofreadingp and :to.l °c.

~Cies of mixin~ ratio (g/kg) whe-;;-;mbient pressur~1~
Relative humidll¥
10 20 rt: 40 50 60 70 I 80 90 100

0001 0002 .002 0.002 0.0030:003- 0007 0.010 Q12 0.014 0.017 0.019 0.0 1 0.024 --

0033 0.043 Q53 0063 0.074 0.084 00 0.104 0.1150.125
012 015 19 0.23 0.26 030 03 037 0.41 0.45
0.37 0.49 61 074 0.87 100 11 '28 142 1.57
103 141 .82 226 2.73 325 38 443 5.10 5.84
2.60 3.79 3 6'-'9 9.16 11.85 15.5 1957 251732.54
6.24 1049 110 27.98 4720 84.96 172.5 4460 --

1545 3625 ~4 4644 4':97 326.3 + ",.

228.7 '- -~ -

80

100

",.-'

0 .;;",..:.":,,

40 60

Dewpolnl difference ('C)

100

~
40
-20

0
20
40
60
80
100

120
140
160

Accuracies of wet bulb temperature (OC)
--~

Relative humid!
10 20 40 50 60 80 90 J

.,018 0.18 0.18 0 19 0.19 ,
0.15 0.16 .7 018 0.19 019 0.2 0.21 --
0.15 0.17 .022 024 026 028 0.3 0.31 0.33
0.21 0.25 .\I 0.32 0.35 033 04 0.43 0.45 0.47
0.37 043 0.52 0.55 057 06 0.61 0.63 0.64
063 068 01 1 0.74 0.76 0.77 0.79 08 081 0.82
0.96 0.94 ~ 0.94 0.94 095 095 0.96 097 0.96

13 1181~1121.111111.11112112113

162 139 1 1 '.28 1271 9 1 "
8 - k - .- :)' '; -- ., I , '"

2.17- -,,"~I";;',--

70 100

~MPERATURE (option)
Me:l.-;uremen[ r:lng~
Typic:l! :lccur:lcY:l[ '+20 °C

T~piC:l1 [empera[ur~ dependen<:~
ot electronics i
Sensor i

O..+IHO °C
:to. 1 °C

()()()':; °C,iOC

Pt 100 IEC 7;~. ~1:1s,.. 4B

OUTPUTS
0 70 ~' 'O ~'11 "i 4 0...1 v. O...5V.

(}...10 V

:to.05'}1) fu!lsca!t:Typical accuracy (>fr'.nalOgUe output at +20 °C

Typical temperatur Jependenc
of analogue output I
Serial output availal)le

0.00'5 lull ,'iL31~: O(

!{S 2~2C Connections screw te inals tarO.; mm2
wires ( WG 20), str.tnded

wi es recommended
24 V C/VAC (20...28 V)
200 max. (24 VDC)
270 max. (24 VDC)

CALCULATED VARIABLES

Available 

only whery temperature sensor head in use

Typical ranges i
relative humidity I 0...100 'X,J{H

I
dewpoiru differe1ce -0...+50 °c
mIxing ratIo I 0...)00 Wkg d.a.

absolute humidit~ 0...600 wm.!
wet bulb tempera ture O..+100°C

Accuracy of relative! humidity :t(0.5 '}1,RH + 2. 5~ of

measurement I reading)

< 500 ohm
>2 ohm (to ground)

> '0 ohm (to ground)
IEC 801-3

3 Vim
10 Vim

Oper.lting voltage
Power consumption

during re-gainin i
Recommendeq ext rnalloadfor

current outputs i

0:...1 V output !
0 - & V I

...) 0...10 0 tputs

Electromagnetic co patibility
with sintered filt !

with steel netting PPS grid
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.
novaslna

~!1 

-

-2

3

5

8-

10-

novasina ms 1-E with electrolytic
measuring cell for precise and fast cli-
matic measurements

1 Humidity and temperature measuring cell, 2 Protective cage, 3 T emper-
ature stability value indicator, 4 Multiple display, 5 Humidity stability
value indicator, 6 Interface for connection to PC, 7 Power supply on/off,
8 minimax value, 9 Menu selection button, 10 Calibration button

Technical data

Application of novosina ms
(with extension ...+80 °C)

-10 °C...+50 °C

Temperature

Measuring element

Measuring range

Accuracy

Reproducability
Resolution

spez. NTC-element

-20 °C...+80 °C

:1:0.3 °C

:l:0.1°C

0.1 °C

Humidity
electrolytic measuring ~~II
en CK-3

6...98% rh

:t 10;0 rh (20...90% rh)

:!:0.30;0 rh

O.1~~

novasina ms1-Set A with expander
tube for measurements of humidify in

masonry and concrete

novasina ms 1-Set B with a sword

sensor for spot-check measurementwith-

in paper stacks, granulates...

novasina ms 1-Set L with a pin

sensor for spot-check measurements of

meat products, packaged goods...

novasina ms 1-Set M with a box
sensor for measurements of humidify in

firm substances, coarse-grain products

All rights reserved technical alterations

Optional accessories

-mains adaptor to power circuit

-surface temperature sensor

-extension tube for measurements in

ducts 240 mm

-additional humidity standard sensor

check SC or salt tablets SAL

-protective filter

-RS-232 interface and software

NOVATP,ON '_10

(S)- -

.
novaslnaUnt: 34 Souch'Nat:er Ind Est:

SOUChvvacer I-brsham
Sussex RH13 7U0

Tet [01403) 733012
Fax (01403) 733311

The right measurement set for
each application



Novasina Precision-Transmitters Hygrodat 10 & 20
For precise humidity and temperature measurement

Novasina Prazisions-Transmitter Hygrodat 10 & 20

Fur prazise Feuchte- und Temperaturmessung

Convertisseurs de precision Hygrodat 10 & 20 de Novasina
Pour une mesure precise de I'humidite et de la temperature



Technical data Technische Daten

Humidity measurement Mesure d'humidite _II

6...100%Measuring range

Temperature compensation
of whole measuring range

Accuracy
.with 5-point calibration at 25 ° C

.with 5-point calibration at O. ..50°C

.without calibration
---~~

Repeatability Reproductibilite

+/- 0.5%

1 +/-1%

+/- 2%

! 

-ZO...BooG

Long-term stability under

typical conditions/year

Temperatu~e~ment
Measuring range

Accuracy ;
.c",

Repeatability;
Operating temperature
.Controller box

.Sensor

Storage temperature

/ -10...50:C

-20...80 C

Electromagnetic compatibility

Betriebstemperatur
.Controllerbox

.Sensor I

Lagertemperatur

Elektromagnetische Vertraglichkeit
Emissions

,
EN 50081-2

~wer supply

~~

90...260V

Output signals I Ausgangssignale Signaux d~rtie
D...1V/D...1DV

Loads Resistance
External loads to ground (Voltage output) > 8000 Ohm-

External loads (Current output) BOrde (Stromausgang) I Resistance externe (Sortie du courant)

Filters Filter Filtres
Metal web filter:

For medium dust protection
Tressenfllter:
Fur mittlere Staubbelastung

MF-1Filtre tresse:

Pour environnement moyennement

poussiereux

SF-1

~

Tressenfifter mit Aktivkohle:

Schutz vor chemischen Einflussen
Filtre tresse avec charbon actif:

Protection contre les agents chimiques

Equipement pour montage

AF-1

i Montagemate!J~1

Sintered filter:

For high dust protection
--~

Metal web/activated carbon filter:

Protection against chemical volatiles

~ounting equiPment

16mm
Fixation pour rails DIN

Subject to technical modifications Technische .A.nderungen vorbehalten Sous reserve de modifications techniques



'1ef. No. OM-90S

DEWMET

COOLED MIRROR

DEWPOINTMETERS

MICHELL
Instruments



.FUNDAMENTAL
MEASUREMENT
PRINCIPLE

INTRODUCTION METHOD OF OPERATION

ABSOLUTE

PRECISION

-DRIFT FREE

.-60/+85°C

DEWPOINT RANGE
-95"C option available -

see data sheet CMD-907

.-40/+90°C

OPERATING
TEMPERATURE

With class leading

depression

Michell's range of Cooled Mirror

Dewpointmeters offers extremely

high levels of accuracy and

measurement stability. This is

achieved over the full humidity

range, from sub-parts per million

moisture levels to saturation at

elevated temperatures. The

fundamental nature of this method

of measurement means that a

Michell Cooled Mirror

Dewpointmeter can be used either

as an extremely reliable and stable

field instrument or as a laboratory

reference standard for the

calibration of other devices.

.RECOGNISED BY

STANDARDS

AUTHORITIES

WORLDWIDE

.FLEXIBLE SENSOR

OPTIONS:

Remote sampling or

direct insertion with

membrane protection

available

The DEWMET sensor, like all Michell

Cooled Mirror Sensors, provides a

fundamental, and therefore highly

accurate and reliable method of

continuously measuring the dewpoint

temperature of a gas sample under test.

A chemically resistant polished stainless

steel mirror is at the heart of the sensor.

This is thermally bonded to a Peltier

effect Thermoelectric heat pump. The

absolute temperature of the mirror is

controlled by application of a D.C. current

to the heat pump. Heat removed from the

mirror is dissipated into the thermally

efficient body of the sensor. This controi

system can reduce the mirror

temperature by more than 80.C.

Dynamically, current is applied to the

Peltier to cool the mirror surface until

condensation begins to form. This

condensation causes a corresponding

reduction in the reflected light intensity

seen by the photodetector. Closed loop

control of the system response to this

signal change results in rapid equilibrium

of the mirror surface at the precise

temperature at which condensation starts

to form. This is, by definition, the

dewpoint (or frostpoint) temperature of
the gas under test. This is measured by

the instrument directly from a highly

accurate 100.0. platinum resistance

thermometer embedded within the mirror.

See Figure 1.

.DISPLAY AND

OUTPUT OPTIONS:

°Cdp, of dp, RH and

others

.CONTINUOUS
MEASUREMENT

AND CONTROL
L.E.D. LIGHT SOURCE PHOTODETECTOR

-:,f:>
'Zll ~ RESISTANCE

THERMOMETER
PT100

MIRROR

PELTIER
THERMOELECTRIC

2 STAGE
HEAT PUMP

+ PELTIER
-SUPPLY

DEWMET Cooled Mirror
Dewpointmeter FIGURE 1 -Principle of ope!ation of the Cooled ~ror Sensor



THE DEWMET RANGE

The DEWMET Cooled Mirror

Dewpointmeter range comprises
three main instrument versions, for

measurement of dewpoint

temperature, gas temperature and

percentage relative humidity. Careful

sensor design allows the flexibility for

measurements to be made either

remotely, using a sensor block and

sample tube, or by direct insertion with

the option of membrane protection to

minimise mirror cleaning.

DEWMET S.D.
This entry level instrument has a single

display for dewpoint temperature only.

The Cooled Mirror Sensor is capable

of operation between -40 and +90.C

ambient temperature and at pressures

of up to 40 barg. Connected to this, by

up to 250 metres of interconnecting

signal cable, is the monitor unit which:

performs the control and measurement

functions; displays the measured

dewpoint to a resolution of 0.1'C; and

provides voltage, current and logic

outputs of instrument status for

connection to external devices.

CaNT AMINA TION COMPENSATION

DEWMET T .D.

The T.O. version of DEWMET offers a

twin display. giving gas temperature

and dewpoint temperature indication.

Measured vaiues and outputs are

continuous and simuitaneous for both

parameters. Gas temperature is

provided by this option with an

additional remote stainless steel

sheathed PT 100 temperature

eiement.

DEWMET T .D.H

As an option relative humidity can be

calculated and displayed continuously

by the T.D.H. version.

DEWMET

COOLED MIRROR SENSOR

The DEWMET sensor is the latest

development in the established Cooled

Mirror range. Using a two stage Peltier

heat pump the sensor offers the user

class leading measurement depression

of over 80.C at elevated temperatures

and more than 55.C range at room

ambient temp~rature conditions. The

two stage Peltier is highly efficient, as

is the design of sensor body, which

means that residual heat build up in the

sensor, which can compromise

performance, is significantly less than

that found in many single stage

devices. Therefore the sensor can be

used for a wide. variety of applications

with no auxiliary cooling. The addition

of an optional water cooling jacket

boosts the sensor range even further

(see Figure 2 for actual range

capabilities).

ACCESSORIES

Sensor Sampling Block
This stainless steel sample housing

allows remote measurement of the gas

under test. A sample of the gas is

admitted to the sensor sampling block

via sample tubes connected to the

block's 1/4" NPT inlet and cutlet ports.

All Michell Cooled Mirror instruments

feature the ABC (Automatic Balance

Compensation) System. ABC ensures

continuous optimum operation of the

sensor in contaminated environments

by periodically driving off condensation

to allow the optical loop to be

re-balanced. As contamination levels

increase the reflected light intensity

from the mirror surface will reduce,

resulting in poor signal to noise ratio.

This signal reduction is electronically

compensated by the ABC system.

Eventually, however, a point is

reached where the contamination level

is too high for effective automatic

compensation. The control electronics

then provide an output and visible

alarm. The sensors optical system

should then be cleaned with water or a

weak solvent. The ABC frequency

and duration of DEWMET can be

optimised by the user to give a

balance between contamination

resistance and contamination

interference, ensuring the ideal setting

for a given application. Throughout the

entire process accuracy and control

are maintained. Liquid Cooled Block

A sensor sampling block with an

integral liquid cooling jacket for

circulation of cooling water or a

specific refrigerant. This increases

depression capability by effectively
extending the low end measurement

capability through reducing the sensor

body temperature -see Figure 2).

100

80

~~I

I .
1,~

~~

60

~~

40

20

1;1-I~

0 ---:)

z
5
l.
~
JJ~

iti.20
!
f

.40

.60

~

-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

SENSOR BODY TEMPERATURE .C

FIGURE 2 -DEWMET measurement capability



SPECIFICATIONS

GENERAL

Accuracy
(cqmplete system, nominal)

Response speed

Sensitivity

Hysteresis

Power supply

DEWPOINT SENSOR

:to.2'C Dewpoint. i:tO.1'C Gas temperature

1'C/sec

O.1°C

None

9C/260V. 5060H*

Peltier

Range
(optimum depression)

RH range equivalent

Photodetection system

Mirror

Temperature measurement

Operating temperature

Sample flow rate

Flow velocity

Pressure

Cable length

2 stage

80'C

I<1.5t0100%

Single
I

316 Stainless Ste,'

1/3 DIN Class B ~ wire

-40 to +90.C i

0.1 to 2NI/min (in ~amPling block)

0 to 1 m/sec (diref insertion)

40 barg i

250 metres max i

10mV/.C&4-20~A

Dewpoint only

~

CERTIFICATE CALIBRATION
No. 06284 No 0179 t

ISO 9002

Michell Instruments reserve the right tct
alter specifications and make

Improvements at any time and without t
prior notice.

Cable Length (2m) unless stated (250max) 2M

(SG)

Instruments

Michel/Instruments Ltd.,

Nuffield Close,

Cambridge CB4 188, UK.

Tel: (UK) 01223 424427

Fax: (UK) 01223 426557

I
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EXECUTIVE SUMMARY

Assessment of Instruments for use as Relative Humidity Transfer Standards

Project Engineer: J Sutherland
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STATUS

UnclassifiedSecurity Classification

Order Number 8007299

Start of test 11 March 1999

Finish of test 9 April 1999

Test Item details (Table 1)

Test
unit

No1

Manufacturer Description Serial No Remarks

T esto Testo 650 00123675 Small probe 6 V DC
batteries

No2
No3
No4

Vaisala
Rotronic
Novasina

HMP 233
A1
MSI

T3630039 I Mains Dowered

Not serialised I 9V DC battery
9711019/2 Own power supply

7.5 V DC
HMP 233 T3630040 Power supply

24 V DC
No 5 Vaisala

No6
No?

Novasina
Rotronic

Novasina
A2

9807008
Probe only
9640010

000141425

I Mains Dowered
Own power supply
9VDC
Large Probe 6 V DC
battery

No 8 Testa T esto 650

Table 1

TEST OBJECTIVE1.2

To assess the suitability of the RH sensors for use as transfer standards. The
objective will be achieved by comparison of calibrations performed prior to and after
periods of simulated use. This report details the simulated use between the initial
and second calibrations.

Simulated use:
This falls into 2 categories:

(Test a) Variations in relative humidity at ambient temperature
(Test b) Variations of relative humidity and temperature.

Page 4 of 13Report No: VX604882



INTRODUCTION1.3

TOV Product Service Limited were contracted to carry out Environmental
(Temperature / Humidity) testing of eight humidity sensors for the National Physical
Laboratory (NPL) and provided the test facilities for the test programme.

The eight sensors had been calibrated by NPL before the tests commenced and
were returned to NPL for re-calibration on completion of testing.

Visual inspections and operational checks before, during and after the testing were
conducted by TOV Product Service.

1.4 BRIEF SUMMARY OF RESULTS (Table 2)

Test Description Results
At the end of the test all 8 units
continued to function

(a) Variations in Relative Humidity at
ambient temperature

(b) Variations of Relative Humidity and
temperature

At the end of the test all four units
subjected to this test continued to
function, however unit 8 which
comprised a separate sensor and
indicator unit failed during the
conditioning. On inspection the
indicator unit was found to be
faulty. To allow the test to continue
the indicator unit from unit 1 which
was identical to the faulty unit was
substituted.

During the test incorrect
temperature readings were
observed on unit 7. but this fault
was intermittent and was not
present at the end of the test.

Table 2

Report No: VX604882



2.0 TEST DETAILS

2.1 Variations in Relative Humiditv at ambient temDerature

2.1.1 Date of Test

(Test a) 11- 22 March 1999

Sensors Tested

Sensors 1 -8 were tested as detailed below:

2.1.3 Test Confiauration

The units were powered as indicated in table 1 and functioned in the following
manner.

Battery powered Instruments:
Units 1 and 8 were configured to switch pneumatically, "on" after 10 minutes and "off'
after 20 minutes, throughout the test.

Unit 3 was configured to switch pneumatically on every 10 minutes throughout the
test, (this unit switched itself off after approximately 2 minutes).

Mains powered Units:
Units 2, 4, 5, 6 and 7 were switched on for the duration of the test.

2.1.4 Test Equipment used (Table 3)

Instrument Inv No Calibration Due Date

Chamber Montford 4F3 1147 16 May 1999

Data Acquisition system 2569 16 May 1999

300 Traceability unscheduledPower Supply

Multimeter 3866 4 April 1999

Table 3

Test conditions

The test samples comprised of two types, those with integral display devices (units 3
and 4), and those with display devices connected via a cable, (units 1,2,5,6,7 and 8).
During testing the units with remote display devices were configured with the probe
inside the chamber and the display devices outside the chamber in ambient
conditions.
(see Appendix I for representative arrangement ). II'

All the instruments were powered as indicated in Table 1

A set of readings was taken before the test to confirm the operation of all the test
instruments.

Report No: VX604882 Page 6 of 13



Test condjtions (continued)2.1.5

All units were subject to the following environmental conditions:

The temperature was maintained at +25°C, and the chamber programmed to dwell
for 1.5 hours at 20%, 40%, 60% and 80% Relative Humidity in a total cycle time of 8
hours. The cycle was repeated 27 times in total, ( 9 days) during which time all the
units were powered as detailed in 2.1.2 above. At the end of conditioning a set of
readings was taken and the units were visually inspected.
(See Appendix II for a representative temperature plot).

2.1.6 Results of Test

All the units were operational at the end of test with no visible damage or degradation
observed.

Reoort No: VX604882 PaQe 7 of 13



Variations of Relative Humidity and temgerature

Date of Test

(Test b) 23 March -9 April 1999

2.2.2 Units tested

Units 5 -8 were tested as detailed below

Test Confiquration

The units were powered as indicated in Table 1 and functioned in the following
manner:

Battery powered Instruments:
Unit 8 was initially switched (Pneumatically) "on" after 10 minutes and "off' after 20
minutes, however after 1 day the batteries had run out. These were replaced and
fitted incorrectly, Incident report VX604882/01 refers, the display of unit 8 failed at
this time. II

Units 1 and 8 were identical apart from the probe, therefore when the display on unit
8 failed, the faulty display was substituted with the display from unit 1, but was only
switched on (and off) for a brief period once a day to check operation.

Mains powered Units:
Units 5, 6 and 7 were switched on for the duration of the test.

Test Equipment used (Table 4)

Inv No Calibration Due DateInstrument

16 May 1999Chamber Montford 4F3 1147

Chamber Pern 2444 23 April 1999

2569 16 May 1999Data Acquisition system

Power Supply 300 Traceability unscheduled

4 April 1999Multimeter 3866

Table 4

Test conditions2.2.5

Units 5, 6, 7 and 8 were installed into a humidity chamber. The units were powered
as indicated in Table 1 and a set of readings was taken to check functionality. The
units were subjected to 9 days of test cycling, each temperature and humidity cycle
comprised of the humidity cycle (Test a) repeated at 3 temperature levels which
were: 25°C or 30°C (dependant on the humidity range of the test chamber), 40°C and

60°C.

(See Appendix I for representative arrangement)

Page 8 of 13Report No: VX604882



Test conditions (continued)2.2.5

Readings were taken daily and at the end of testing to confirm the operation of the
test units.

The 9 cycles were completed in 2 test periods one of 6 days and one of 3 days with
the test units stored at ambient between the 2 periods. (See Appendix II for a

representative temperature plot). I

2.2.6 Results of Test

After 1 day of testing the batteries in unit 8 were exhausted, however when replaced
the batteries were incorrectly fitted.

When the batteries were correctly positioned the display failed to work. Incident
Report VX604882/01 refers.

After 3 cycles it was observed that the temperature indication on unit 7 was incorrect.
Incident Report VX604882/02 refers.

I

After 6 cycles the temperature readout on unit 7 recovered.

At the conclusion of the test the 4 units (one with a substituted display) were all
operational and no visible signs of damage or degradation were observed.

Page 9 of 13Report No: VX604882



APPENDIX I

Representative Test Photographs

One page
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Test Photographs

Set-up Test (a)

Set-up Test (b)

Report No: VX604882 Page 11 of 13



APPENDIX I

Temperature Charts

Two pages
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TOV Product Service LId
Segensworth Road
Fareham Hampshire
United Kingdom PO155RH

PRODUCT SERVICE

Te!: +44 (0)1329 443322

Fax: +44 (0)1329 443421
ASSESSMENT SERVICE

IN!CIDENT REPORT
Job Title: NPL Report Serial No: VX604882/01

Date: 25 March 1999

Testa 650 Serial No: 000141425Equipment:

Test Spec: Not specified CI No: N/A

Description of Incident

There was no display on the Testa 650, 4 new M batteries were fitted, a burning smell came from the instrument.

Operating Conditions: The Unit was at laboratory ambient conditions, the probe was in the test chamber at +25°C, 40% RH.

Probable Cause: Batteries fitted incorrectly.

Originator: J Sutherland Checked By: R Harris

Mark Stevens
(Customer)

By Project Engineer: R Harris Date: 25 March 1999Person notified:

Inspected: R HarrisLocal Corrective Action: Testo 650 Serial No 00123675 used for
continued test, defective T esto 650 returned
to Mark Stevens for repair.

Mark Stevens
(Customer)

Actioned: J Sutherland Date: 25 March 1999Authorised:

25 March 1999Yes Authorised: Mark Stevens
(Customer)

Date:Testing to
Continue:

DISTRIBUTION

NAMAS Registration No 0141 (T)
CAA Approvals

1 Copy to Test Department Manager
1 Copy to Assessment Services Quality Manager
1 Copy to Customer/OAR/Quality Manager
1 Copy to nominated Quality Authority

Please complete this report by typing your comments on the reverse of this form, then sign and retum to
rOv Product Service for inclusion in the final report..

Note to Customer:
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