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The most recognised methods of temperature measurement in-
clude the bimetallic thermometer, the gas-actuated thermometer 
and the liquid-expansion thermometer. The latter is commonly 

referred to simply as an expansion thermometer.
In a bimetallic thermometer, two metal strips with different ex-

pansion coefficients are inseparably joined (=bimetal). These metal 
strips are then spirally wound, so that a ‘bimetallic tube’ is formed. If 
there is a change in temperature, the two metals expand by different 
amounts and this leads to bending in the bimetallic strip. Due to the 
spiral construction, this causes a rotary motion in the bimetallic tube. 
The expansion, and thus the rotation, of the tube is proportional to 
the change in the temperature. If, on the upper end of the tube, a 
pointer is fitted, and the tube and the pointer are mounted within a 
case with a stem and a dial, the result is a simple and very inexpensive 
thermometer. Such bimetallic thermometers often find their applica-
tion in heating, ventilation and air-conditioning technology – eg to 
display the water temperature at a compact station of a heating plant.

Figure 1: WIKA model A46 bimetallic thermometer (left); Heating plant 
compact station (right).

A gas-actuated thermometer works on a slightly different principle. 
This type of thermometer is designed like a pressure gauge, mean-
ing it works with a Bourdon tube, which is fixed to a socket. If the 
Bourdon tube is pressurised, it changes its shape (it bends out). This 
change in shape is amplified via a movement and converted into 
the rotary motion of a pointer. The change in shape of the Bourdon 
tube, and with it the angular deflection of the pointer, is proportional 
to the change in pressure within the tube. The special feature of the 
gas-actuated thermometer is that, unlike a pressure gauge, the ther-
mometer forms a closed system. This means that the Bourdon tube 
is joined to a capillary which leads into a tubular probe at the lower 
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end. The probe and the capillary are filled with 
an inert gas. When the temperature rises, the 

gas expands. As a result of this, the pressure 
in the system – and thus also on the Bourdon 
tube - increases. The change in pressure in 

the system is proportional to the temperature 
change in the tubular probe. Via the movement, 

this proportional pressure change is converted into 
an angular deflection of the pointer.

Figure 2: Principle of a gas-actuated thermometer.

A liquid expansion thermometer, or expansion thermometer as it is 
known, works much like a gas-actuated thermometer. The difference 
lies in the fact that an expansion thermometer is not filled with gas, 
but rather with a thermometric liquid. Just like the gas, the liquid 
also expands as the temperature rises and thus causes the pressure 
in the system to rise. Furthermore, the expansion thermometer does 
not require a movement to convert the tube deflection into a rota-
tional motion. With expansion thermometers, instead of a C-shaped 
Bourdon tube, a helically wound Bourdon tube is used. Through the 
winding, an expansion of the tube results in a rotational motion. The 
pointer shaft of the expansion thermometer is connected directly with 
the tube. If the temperature at the probe rises, the liquid expands and 
increases the pressure in the system. The tube bends out and thus 
leads to a rotary motion. The pointer connected to the tube moves 
in proportion to the temperature change.

By dispensing with the movement and using a liquid as the filling 
medium, an expansion thermometer can be manufactured consider-
ably more cost-effectively than a gas-actuated thermometer.

Both gas-actuated thermometers and expansion thermometers 
are used in industrial applications for the reliable measurement of 
temperature in processes, machinery and plants. Through the use 
of a capillary, these thermometers are also suitable for temperature 
measurement in inaccessible locations, as well as for bridging long 
distances between the measuring point and the temperature display. 
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Both types of thermometer are available as a purely mechanical solu-
tion or, in combination with switch contacts or an electrical output 
signal, for controlling process temperatures.

Figure 3: Expansion thermometer with electrical output signal in a stainless 
steel case.

Gas-actuated thermometers are generally built into a stainless 
steel case with stainless steel measuring lines, and comply with 
accuracy class 1 in accordance with the standard for dial indicating 
thermometers – EN 13190 [1]. Therefore they are suitable for the 
high demands of process engineering and the process industries. 
Expansion thermometers are often built into a plastic case and used 
as a cost-effective measuring instrument with accuracy class 2 (as per 
[1]), for applications in machine building and in heating, ventilation 
and air-conditioning systems.

What many users do not know, however, is that expansion 
thermometers with stainless steel cases and accuracy class 1 can be 
used as an alternative to the often far more expensive gas-actuated 
thermometers. Externally these instruments do not differ, but using 
an expansion thermometer instead of a gas-actuated thermometer can 
reduce the cost by almost half. Whether an expansion thermometer 
can be used as a cost-effective alternative to a gas-actuated ther-
mometer depends on the particular operating conditions and must 
be checked for each individual case. 

A comparison of the two thermometer variants (gas-actuated 
and expansion) always pays off during the selection of a thermom-
eter, since, for example, when equipping a plant with temperature 
measuring instruments, by using expansion thermometers several 
thousand euros can be saved.

Expansion thermometers can cover measuring ranges between 
-100… 400°C, depending on the instrument version, and can function 
with a capillary length of up to 15 metres. Standard instruments, which 
are used specifically in the heating, ventilation and air-conditioning 
industries, are the WIKA models which differ mainly in their instal-
lation dimensions.

Figure 4: WIKA IFC expansion thermometer (left); transfer station (right).

Common application areas for the IFC expansion thermometers are 
within the heating industries. Typical applications are, for example, 
transfer stations for local and district heating networks. The transfer 
station serves as the link between the local or district heating system 
and the house’s system. The expansion thermometer monitors the 
supply temperature and the return temperature of the medium and 
enables the current temperature values to be clearly readable.

The main use of the models in Figure 6 lies in refrigeration 
technology. These instruments are frequently used in cold rooms 
and freezer rooms. Through the variable length of the capillary, it 
is possible to position the temperature display independently of the 
actual measuring point.

Figure 5: Cool-room doors with integrated model TF58 expansion thermom-
eter.

In contrast to purely mechanical instruments, mechatronic instru-
ments are used not only for display but also for monitoring and 
controlling the temperature of the medium. The measuring principle 
is the same as for a mechanical expansion thermometer, but with an 
additional electronic micro switch integrated, which operates with a 
switching signal of up to five amperes.
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The most recognised methods of temperature 
measurement include the bimetallic thermometer, the gas-

actuated thermometer and the liquid-expansion thermometer.


