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3ULQFLSOHVRIKXPLGLW\PHDVXUHPHQW
Depending on its temperature, air is able to absorb a certain amount of water vapour.
The quantity of water vapour that can be absorbed rises strongly with increasing temperature.
This is shown in fig. 1.
Fig. 1
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By means of fig. 1, you can calculate for different gas temperatures the maximum quantity of
water vapour that can be absorbed by the gas.
This correlation also applies to contaminated gases and is independent of the gas composition
and of the total pressure.
In the gas, the water vapour exerts a pressure corresponding to its volume, i.e. the water vapour partial pressure (VP), which in the saturation range becomes the saturation vapour pressure (SVP).
Saturation vapour pressure SVP:

SVP(TT ) = C1 ⋅ exp⋅

C 2 ⋅ TT
C 3 + TT

It is apparent from this equation that the saturation vapour pressure SVP is only a function of
the temperature (TT), while C1, C2 and C3 are constants.
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'HZSRLQWWHPSHUDWXUH '7 DQGUHODWLYHKXPLGLW\ 5+ 
The correlation between relative humidity and dew point temperature are shown by means of
fig. 2.

:DWHUYDSRXUSDUWLDOSUHVVXUHK3D

Fig. 2 (simplified presentation)
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Simplified presentation for SP = 1000 hPa

In area B of the set of characteristic curves, any states of humidity from 0 to 100 % RH can
occur.
In the example above, section CE describes for a temperature of 80° C all „relative humidities“
possible from 0 to 100 %, and so does section FG, but for a temperature of 60° C.
Consequently to each possible volumetric content of H2O in field B a temperature gas to be
assigned so that its relative humidity can be determined.
The relative humidity RH is calculated as follows:

RH( TT ) = 100 ⋅

VP( TT )
SVP( TT )

[%]

This means: with an uncchanged volumetric content of H2O amounting to 20 vol. % for instance, a temperature of 60° C will result in a relative humidity RH of approx. 100 %, but a
temperature of 80° C will result in a relative humidity RH of only 43 %, capacitive sensors
measure the relative humidity.
Area A of the set of characteristic curves shown in fig. 2 virtually shows the “forbidden area“
for water vapour.
As described at the beginning, with a given temperature the gas cannot absorb more water
vapour than is defined by the saturation characteristic SVP.
To each point on this saturation characteristic temperature is assigned on the x-coordinate.
This is the dew point temperature.
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If gas is cooled from state D in fig. 2 down to a temperature of 60° C and lower, the excess
water (zone A) is deposited as condensate.
This process is independent of the gas composition, of the pressure or of any contaminations.
Consequently the dew point temperature is a primary variableproviding some more conclusive
information on the water vapour content of a gas than the relative humidity, for instance.
This is also shown by the calculation formula:

 VP 

ln

 C1 
DT = C 3 ⋅
 VP 

C 2 − ln

 C1 
Due to these conditions and natural laws, the dew point temperature measurement has established itself as an exact measurement variable (primary measurement method).
People have various experience in temperature measurement. Thus, high accuracy can be
reached. The beginning of the condensation or the ice crystallisation can be optically demonstrated.
At this occasion, a further measurement-related aspect shall be pointed out. 
As can be seen from fig. 2, the measuring effect gets very low for a “relative humidity“ below 
20° C, the scaling of the dew point continues to be linear. 
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&RQYHQWLRQDOPHDVXUHPHQWRIWKHGHZSRLQW
The dew point temperature measurement is the approved measurement method for initial verification and calibration in science and research.
It is very precise, reproducible and long-time stable.
Its disadvantages, which have so far prevented this measurement method from spreading
widely in industry and climatic technology, are as follows:
J
J
very expensive
J
very voluminous
J
process-suited only to a limited extent (in situ)
J
sensitive to contaminations
J
complicated structure, therefore:
requiring much maintenance and care
Fig. 3 - Structure of conventional dew point mirror measurement instruments:

Fig. 3 shows the structure of a conventional dew point sensor.
Without going into details, the following deficiencies can easily be detected:
J
J

If the measurement gas is loaded with dirt particles or aerosols, this causes troubles within the
measurement system.
J

If dirt particles are deposited on the mirror, they provoke disturbances in the measuring system.
The temperature sensor is behind the mirror. To keep system-immanent measurement errors
as low as possible, a comparatively large thermal mass is required. This negatively affects the
cooling and the degree of efficiency.
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+\JURSKLO '7GHZSRLQWPHDVXUHPHQW


The advantages of the dew point temperature measurement instruments are incontestable.
With the new patented dew point measurement method developed by BARTEC, the disadvantages are also eliminated.
Dew point measurement according to the method of internal total reflection.
In this measurement method, light is coupled via a shutter into a flat glass substrate under an
angle of αG GLASS-AIR < α < αG GLASS-WATER and is guided to a photo-detector on the
opposite side.
Fig. 4
Sensor glass
Photo diode
LED

Peltier module

Heat dissipation
Printed circuit board

As long as there is no condensation or ice crystallisation in the detection area, the light coupled
in is totally reflected and arrives at the detector.
As a Peltier element cools down the surface to a temperature below the saturation characteristic, condensation or ice formation is the result. Now the light is coupled out as αG GLASSWATER < α. The radiation received by the photo-detector is reduced accordingly.
The appropriate temperature is determined by means of a temperature sensor laminated on
the glass surface. This is the dew point temperature that has to be determined.
This structure enables a compact and small design which moreover can be produced automatically in large numbers.

Product information Hygrophil® DT, type 1500

PI 071023

Page 6 of 12

The structural principle of the sensor is shown in fig. 5.
Fig. 5

The contamination of the measurement gas or dust deposits on the sensor do not affect the
measurement result.
The compact design makes possible to build small dew point sensors which can be directly integrated into the process now.
®

Fig. 6 for instance shows an industry-suited dew point sensor Hygrophil DT, other designs can
be realised depending on the application.
Fig. 6
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Fig. 7 shows the transparent view of the sensor.
Fig. 7

Measurement opening (under filter)

Electronics

Fig. 8 shows the application area of the Hygrophil® DT dew point hyygrometer.
Fig. 8
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It must be pointed out that the maximum temperature difference that can be reached with the
one-stage Peltier element is approx. 40 K.
If a larger temperature difference shall be reached, an additional external cooling device is required or the measurement gas has to be pre-tempered accordingly.

7HFKQLFDOGDWD
7HFKQLFDOGDWD
0HDVXUHPHQWUDQJH
Range of application DT
Maximal cooling compared to shaft temperature
(measuring gas temperature)
Range of RH
Precision of DT
Settling time from +15°C DT to -10°C DT
Settling time from -10°C DT to +15°C DT
(OHFWULFDOGDWD
Power supply
Analog output (can be configured to different calculated and measured values)
Interface
Switching output configurable
'LVSOD\
LCD, reflective(can be configured to different calculated or measured values)
.H\ERDUG
3 short-stroke keys behind a foil
$PELHQWFRQGLWLRQV
Operating temperature of electronics
Operating temperature of sensor
Pressure range of sensor
0HFKDQLFDOGDWD
Dimensions
Material of casing
Material of sensor shaft
Protection type of casing
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-40 … +80°C (with pre-cooling)
-40 K
2% … 100%
± 0,5 K
approx. 60 sec (95%)
approx. 90 sec (95%)
12 … 24 V DC max. 250 mA (12V)
0/4 … 2 0mA aktive, resolution 0,1%
max. burden 400  (DT, RH, TT, ¨7
RS 232,
9600 baud, 8 bit, no parity, 1 stop bit
2 x 0,2 A , 30 V DC, passive
8 digits 14 segment
(DT, RH, TT, ¨7

-20 … +50°C
-40 … +80°C
0,2 … 16 bar
See dimensional drawing
Aluminium, coated
Copper, nickel-plated10µ
IP 65
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&RPSDULVRQRI+\JURSKLO '7WRRWKHUKXPLGLW\VHQVRUV
At present, several measurement sensors for gas humidity are available on the market. All of
them have advantages and disadvantages.
Here is a short overview of the measurement methods / measurement sensors relevant on the
market.
1.

Capacitive humidity sensors

2.

Dew point humidity sensors
2.1

Optical

2.2

Capacity change

2.3

Thermal (Thermophile)

3.

Humidity sensors based on resistance change

4.

Humidity sensors based on thermal conductivity
®

The strengths of the Hygrophil DT sensor are as follows:
¾3UHFLVLRQ
Highest precision of all measurement methods mentioned above. Comparable to 2.1, but at
a dramatically lower price.
¾/RQJWHUPVWDELOLW\
Excellent long-term stability, advantage compared to capacitive sensors. No aging process
caused by dust and aerosols in the gas.
¾5HSURGXFLELOLW\
Extremely high reproducibility. Due to the system there is no hysteresis, no memory effect.
¾0HDVXUHPHQWUDQJH
Very large measurement range, especially suited for measurements in the humidity range
approaching saturation and at low dew point temperatures.
¾&RQGHQVDWLRQ
Condensation at the sensor is system-immanent and does not have any negative effects.
Large advantage compared to all other humidity measurement methods (particularly capacitive ones).
¾5HVLVWDQFHWRFKHPLFDODQGSK\VLFDOFRQWDPLQDWLRQV
All electronical and optical components are sealed in the casing. Only a passivation layer
made of SiO2 gets into contact with the measurement gas.
¾6L]H
Larger than capacitive sensors but much smaller than conventional optical dew point
measurement instruments.
¾&RVWHIILFLHQF\
®
Hygrophil DT sensors are more expensive than capacitive sensors but much cheaper than
conventional optical dew point measurement instruments.
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¾%DODQFLQJ
No alignment under humid conditions is required, only the temperature measuring element
has to be calibrated at one point. This is a big advantage, over capacitive sensors, for instance especially if they are produced in large numbers.
¾)XQFWLRQWHVW
A simple visual function test is possible.
¾&OHDQLQJ
Easy to clean by means of a cloth or Q-tips.
¾6HQVLWLYLW\WRFRQWDPLQDWLRQV
Very low sensitivity to contaminations, direct measurements with the sensor can be carried
out in granulate material, dust, cereals etc.
¾3K\VLFDOPHDVXUHPHQWYDULDEOH
Primary measurement method for measuring absolute humidity. This measurement variable does not depend on the gas composition and the ambient pressure.

Product information Hygrophil® DT, type 1500

PI 071023

Page 11 of 12

6XPPDU\
This new type of sensor is a dew point sensor for measuring the dew point temperature in accordance with an optical principle.
Dew point sensors have been known for a long time. The technical realisation of an optical dew
point sensor is very complex and expensive.

Due to their high precision and the high price, dew point sensors are mainly used for calibration
and research purposes.
A further disadvantage of conventional optical dew point sensors is their sensitivity to measurement gas contaminations which on the one hand result in a weakening of the light signal
and on the other hand cause the condensation on the surface of the dew point mirror, which, in
turn, provokes erroneous measurements or even makes the measurement completely impossible.
The new type of dew point sensor avoids all these disadvantages without losing any of its precision.
At the same time, this concept allows a very small and compact design facilitating mass production.
This allows costs comparable to a good capacitive humidity sensor.
For the new optical dew point sensor, this opens markets so far reserved to conventional humidity sensors while it does not have their measurement disadvantages.
®

The new humidity sensor Hygrophil DT has the following advantages:
¾Very precise humidity measurement
¾Absolute measurement method
¾Large measurement range
¾No or minimum long-term drift
¾Insensitive to contaminations
¾Compact design
¾Reasonable price
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