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Protection of Heat Exchangers from Frost Damage Using 
Frost Protection Thermostats 
 
Ventilation and air conditioning units are widely used to ventilate and air 
condition warehouses, factory buildings, and depots, as well as living spaces 
and offices. In these areas it is important that the efficiency of the systems is 
always ensured to the highest degree and that failures do not occur, for 
example as a result of frost damage on the heat exchanger of the unit. Costs 
associated with failure and repair times, as well as actual replacement 
modules, are incredibly high in the industrial sector in particular due to the size 
of the systems. To avoid these unplanned costs, electromechanical or 
electronic frost protection thermostats are used to protect functionality. 

Heat exchangers are often operated with pure pumped hot water. Due to the 
procedural disadvantages of using a glycol-water mixture, such as the high 
viscosity, the reduced heat exchange, and the increased flow resistance in 
comparison to just using pure water, the use of such a mixture is avoided. 
However, there is a distinct disadvantage to operating a unit with pumped hot 
water: an immediate increase in volume occurs when a temperature of 0 °C is 
reached, caused by the change of aggregate state. With circulating water, this 
increase in volume may be deferred until a temperature several degrees 
below zero is achieved, but it will still ultimately occur. In extreme cases, this 
increase in volume can lead to the delicately designed copper water pipes in 
the heat exchanger bursting. 

There are a number of reasons why frost damage can occur on ventilation and 
air conditioning units. One cause may be faulty unit components, such as the 
occurrence of a burner fault or a missing fuel feed. Leaky ventilation flaps 
could also pose a risk to heat exchangers in inactive plants, as these do not 
have any hot water flowing through them. But even in normal operation, for 
example when starting up the plant at low external temperatures, there is a 
risk of frost damage. Water in the heat exchanger that has not been 
sufficiently preheated can cause the plant to switch to frost mode when 
external temperatures are also low. Even insufficient ventilation heat 
consumption in a room that is temperature-controlled can elicit a frost 
situation, whether it is temporary because of a high intake of external heat in 
the room itself or long-term because of a faulty unit rating.In the heat 
exchangers that are used in ventilation and air conditioning technology, it is 
always important to protect the heater against frost damage. Both the 
preheater and the reheater must have protection in the form of a frost 
protection thermostat, regardless of other system controls. If there is a danger 
of frost, the frost protection thermostat ensures that, for example, an inlet flap 
is closed or the valve control is opened. 
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In addition to ventilation and air conditioning units in living and working 
environments, heat exchangers are also used in facilities to control the 
temperature of garden centers and their greenhouses. The damage that can 
arise in these facilities if the ventilation and air conditioning unit breaks down 
is often associated with heavy financial losses because of the resulting supply 
shortages. If existing supply contracts cannot be fulfilled, contractual penalties 
may be applied, which, on top of the replacement costs for the system 
components, can further increase the follow-up costs. 

A large number of ventilation and air conditioning units have a frost protection 
thermostat, also called a frost protection monitor, that is installed downstream 
of the heat exchanger as standard and acts as a module to protect against 
frost damage. With a frost protection thermostat, it is possible to monitor and 
protect the entire surface of the heat exchanger with regard to any potential 
danger of frost. A so-called probe line, a copper capillary that is filled with 
refrigerant, is used on frost protection thermostats to measure the 
temperature. This detects the current temperature along its entire length. To 
trigger a switching operation, the preset frost temperature must be prevalent 
along a journey route of 15 to 40 millimeters, depending on the probe line 
length, though the required threshold length does not need to be measured 
consecutively.Instead, smaller sections along the entire probe line can be 
added up to a sufficient length to trigger the switching operation. 

Because the probe line is reactive along its entire length, it is possible to fully 
protect the surface of the heat exchanger against frost on the critical side. This 
type of protection would not be possible if temperature probes were used, 
because these probes are only able to detect the temperature at a specific 
point. In order to obtain the same degree of protection as with frost protection 
thermostats, an extremely high number of temperature probes would have to 
be used. The costs incurred and the installation work required for this option 
therefore clearly argues in favor of frost protection thermostats. 

To protect the entire surface, the probe line of the frost protection monitors is 
stretched over the heat exchanger in a meandering pattern. The probe line is 
available in two, six, and twelve meter lengths for mechanical devices, and for 
electronic devices, two and six meter-long probe lines are well established on 
the market. As the specific threshold length, dependent on the length of the 
capillary line, can also be achieved in individual sections, the entire surface of 
the heat exchanger is protected. The closer together the capillary lines are 
laid, the higher the degree of protection. On large surfaces, the use of several 
frost protection thermostats is recommended. 
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Function 

A change in the aggregate state of the refrigerant incorporated into the probe 
line generates a movement on the membrane of the measuring system. The 
method of recording and processing the membrane movement is different in 
mechanical and electronic thermostats. In mechanical frost protection 
thermostats, such as the JUMO frostTHERM-ATE, the movement of the 
membrane is forwarded directly to the microswitch by a mechanical collector 
head and the microswitch signals frost mode through a switching procedure.  

In electronic frost protection thermostats, such as the new JUMO 
frostTHERM-ATE, the movement of the membrane within a critical 
temperature range is continuously and inductively recorded and processed 
electronically. If the preset switching point is reached, a relay is triggered. 
Electronic frost protection thermostats are available on the market as frost 
probes or frost monitors. Frost probes have an analog output. This displays 
the temperature that is present within a range from 0 to 15 °C as a 0 to 10 V 
signal. In frost monitors, an analog input, two analog outputs, and a relay 
output can be connected to the system control. The input signal means that it 
is possible to preallocate the analog output signal to control the valve or flap 
using a basic voltage. This basic voltage is then responsible, for example, for 
the predefined and temperature-dependant positioning of ventilation flaps or 
valves.The analog output, which is called Y10 on the JUMO frostTHERM-ATE, 
emits a signal that increases from 0 to 10 V from approx. 6 K above the preset 
switching point. The maximum value of 10 V is reached at the switching point. 
This signal can be used to protect the heat exchanger against frost damage in 
advance. For example, depending on the degree of cold that is present, 
ventilation flaps can be steadily opened or closed, or the heating valve can be 
opened to the degree that is relevant to the current situation. The analog input 
Y and the analog output Y10 are coupled to one another on the JUMO 
frostTHERM-ATE. The second analog output corresponds to the analog 
output of the frost probe for converting the current temperature in the range 0 
to 15 °C to a 0 to 10 V signal. On the frost monitor, this signal can be used to 
visualize the temperature, for example.The relay output that is also included 
on the frost monitor but not on the frost probe can be operated with a 
switching capacity of 230 V, 6 A. The relay decreases if the preset switching 
point is reached.  

Possible system interventions that can be controlled using the relay include 
switching on the circulation pump, switching off the supply or exhaust air 
ventilator, closing the outside air or escaping air flap, and forwarding a fault 
signal. It is possible to operate the JUMO frostTHERM-ATE as a temperature 
monitor or as a temperature limiter and the operator can make this selection 
using the device software. If the device is to be used as a temperature 
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monitor, the thermostat automatically switches back on after the critical 
temperature has been exceeded by the hysteresis. If the device is to be used 
as a temperature limiter, it is necessary to manually acknowledge the frost 
position in order to initiate a start-up of the whole system. 

While electromechanical frost protection thermostats are often used as the last 
protection level against frost damage, electronic frost protection thermostats 
can be actively incorporated into the system control in order to actively 
counteract the danger of a frost situation in advance. However, these cannot 
be operated without auxiliary energy and require a supply voltage of 24 V 
(SELV) so that they can fulfil their function. However, the range of preemptive 
frost protection measures justifies the use of electronic frost protection 
thermostats to a large degree.  

 

 

Image: frost protection thermostats are an indispensable component in 
cooling devices such as these 
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