
Temperature measurement
Introduction
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Bimetal thermometers
A bimetal element consists of two different metals, each with a different coefficient of expansion. When the temperature
changes, one metal expands more than the other. This causes the element to bend.
This bending is transformed into a rotational movement of the thermometer's pointer.

Bimetal thermometers are available in:
- Ranges between –70 °C and 600 °C
- Precision class of 1.0% and 2.0% of the full scale

Gas-actuated thermometers
Gas-actuated thermometers work on the principle of gas expansion.
Gas-actuated thermometers have a gas filling (nitrogen) in the sensitive part of the probe. When the temperature rises, the
pressure in the sealed measuring system becomes greater. This increased pressure is transformed into a movement of the
pointer by means of a bourdon tube. This principle enables precise temperature measurement even over the long term.
Gas-actuated thermometers are available in:
- Ranges from -200 °C up to 800 °C
- Precision classes of 0.6% and 1.0% of the maximum full scale

Resistance thermometers (PT100)
Resistance thermometers are equipped with a sensing element based on the electrical resistance of a metal. This electrical
resistance of the sensing element has a fixed value at every temperature: a PT100 element has a resistance of 100 Ohm at 0
°C.
The product range includes resistance thermometers with cable connection or a connection head.
For a 4/20 mA output signal, for example, a temperature transmitter can be placed in the connection head.
Connection to the processing unit (PLC, read-out, recorder etc.) can be done by means of 2, 3 or 4 wire connection,
depending on the application.
Resistance thermometers can be used between –200 °C and +600 °C (depending on model, resistance element and the
material that makes contact with the medium).
Resistance thermometers are available as PT100, PT1000 or NI1000 elements, among others.

Thermocouples
Thermocouples are temperature sensors that directly emit an mV signal through the thermo-electric effect, depending on the
temperature, without the need for external power.
A variety of thermocouples is available. The type of thermocouple depends on the temperature to be measured. The
Econosto range includes thermocouples with cable connection or connection head. For a 4/20 mA output signal, for example,
a temperature transmitter can be placed in the connection head.
For connection to the processing unit (PLC, read-out, recorder etc.) a special thermo-electrical compensated cable must be
used.
Thermocouples can be used for applications between –100 °C and +1800 °C (depending on model, thermocouple element
and the material that makes contact with the medium).
Thermocouples are available as type J, K, N, E, T, S, R, B, L and U

Type Material Temperature range Compliant with Deviation
thermocouple Class 1 Class 2 Class 3

J Fe-CuNi from -40 °C to 800 °C DIN IIEC 584 ± 1.5 K or 0.0040 t ± 2.5 K or 0.0075 t -
K NiCr-Ni from -40 °C to 1100 °C DIN IIEC 584 ± 1.5 K or 0.0040 t ± 2.5 K or 0.0075 t ± 2.5 K or 0.0015 t
N NiCrSi-NiSi from -40 °C to 1100 °C DIN IIEC 584 ± 1.5 K or 0.0040 t ± 2.5 K or 0.0075 t ± 2.5 K or 0.0015 t
E NiCr-CuNi from -40 °C to 800 °C DIN IIEC 584 ± 1.5 K or 0.0040 t ± 2.5 K or 0.0075 t ± 2.5 K or 0.0015 t
T Cu-CuNi from -40 °C to 400 °C DIN IIEC 584 ± 0.5 K or 0.0040 t ± 1 K or 0.0075 t ± 1 K or 0.0015 t
S Pt10%Rh-Pt from 0 °C to 1600 °C DIN IIEC 584 ± 1 K or [1+0,003(t-1100)]K ± 1.5 K or 0.0025 t -
R Pt13%Rh-Pt from 0 °C to 1600 °C DIN IIEC 584 ± 1 K or [1+0,003(t-1100)]K ± 1.5 K or 0.0025 t -
B Pt30%Rh-Pt6%Rh from 0 °C to 1700 °C DIN IIEC 584 - 0.0025 t ± 4 K or 0.005 t
L Fe-CuNi from 50° to 900 °C DIN 43710:1985-12 ± 3 K or 0.0075 t ± 3 K or 0.0075 t ± 3 K or 0.0075 t
U Cu-CuNi from 50° to 600 °C DIN 43710:1985-12 ± 3 K or 0.0075 t ± 3 K or 0.0075 t ± 3 K or 0.0075 t

Temperature transmitters
A temperature transmitter converts the signal of resistance thermometers and/or thermocouples into a standard signal.
The transmitter output signal most often used is 4/20 mA.
The advantage of a 4/20 mA signal is that it is a more stable signal, and that there are no losses due to resistance within the
interconnecting cable. Furthermore, most processing units (PLC, read-out, recorder etc.) can process this signal.
There are also special transmitters available for Hart and Profibus.



Temperature measurement
Installation and directions for use
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Accessibility
A thermometer should preferably be installed in an accessible place, free from vibration and excessive heat radiation.
However, should vibration be unavoidable, a version with distance tube (capillary tube) is recommended; in this way the
read-out unit can be placed on a stable base in the direct vicinity.
An alternative solution is a liquid filled thermometer. For technical information about liquid filled meters see the pressure
gauges section.

Indicator response

Better Good Recommended position 
in pipe bend

Bad Good

Should a rapid indicator response be required, a probe suitable for direct immersion is a good option.
In this case, the temperature-sensitive section must be fully immersed in the medium, preferably diagonally facing into the
flow, or otherwise in a bend in the pipe (see drawings).
Avoid dead legs, as well as installation in the direct vicinity of heating coils, steam regulators, etc.

Insert/thermowell
The use of a thermowell is recommended in continuous processes, as this allows the thermometer to be withdrawn at any
time without affecting the currently running process.
The suppression of the heat transfer caused by the thermowell can be compensated by:
• use of a thermowell of sufficient length. In pipes up to ø 100 mm a length equivalent to the pipe diameter is recommended.
With larger bores, a probe length of a half diameter is sufficient.
• preventing loss of conducted heat by ensuring that the thermowell/pipe section connection is made using a good gasket
and possibly applying extra external insulation.
• use of a probe that fits the thermowell with minimum tolerance (the ideal is a diameter difference of 0.2 mm).
• to promote good contact between probe and thermowell, introduction of a small amount of heat-conducting paste into the
thermowell (available via Econosto).

Distance tube
Distance tubes of thermometers should be laid out with great care. Sharp bends must be avoided.
Extremely long distance tubes (possible up to max. 100 metres) should be installed with a loop every 10 metres, with a
minimum radius of 50 mm.
The distance tube may not be exposed to temperatures above 60 °C.

Inspection
A thermometer needs to be periodically inspected for the accuracy of its reading. Reliable reference materials are ice/water
mixtures for 0 °C and boiling water for 100 °C.
Should a deviation be determined of greater than 3% of the maximum scale value, then it is recommended to check the
thermometer at more than one temperature point.
Thermometer calibration can also be performed by Econosto.
In that case, the deviation is checked per 100 scale divisions with a minimum of 3 test points (approx. 25, 50 and 75%).
This calibration takes place by comparing with a pre-calibrated thermometer in a thermostatic bath.
A calibration certificate can be provided on request.


