How many sensors do I need to monitor my refrigerator or freezer?
We are often asked how many sensors are needed to adequately monitor a refrigerator or freezer.  Unfortunately there is no easy answer to this.  It is not as simple as saying that you use one sensor for a household sized freezer and more for a larger freezer.  

Temperature sensors do not take the temperature of a volume of air.  They only report the temperature of the sensor itself which, presumable, the same as that of the air in contact with the sensor.  So, if a sensor is in a refrigerator and the air is completely still the temperature reading is that of the air that is in contact with the sensor.  If the air is moving inside the refrigerator we assume that the temperature reported by the monitor is representative of all the air inside the refrigerator.  Technically not an accurate statement but it usually is mostly accurate, with some exceptions.  For example if a sensor is behind a large box and the air does not circulate freely, the temperature could be very different than the temperature on the other side of the box.

So how many sensors do you need to monitor a particular refrigerator or freezer?  The answer depends on a multitude of factors such as:

1. How large is the freezer?

2. How large is the door of the freezer?

3. How full is the freezer?

4. What temperature are you trying to maintain?

5. Where is the 'frozen stuff' stored?  On the floor?  At the top?  On one side?

6. What type of compressor is being used?

7. How tight are the parameters of the freezer?

8. How often is the door opened?

9. Etc,  etc,  etc...

As a general rule, a small refrigerator or freezer can be adequately monitored with one temperature sensor, depending on where it is placed and how much of a temperature variation is tolerated.  However, if the refrigerator or freezer is full of products on the left side and empty on the right side and the sensor is placed near the door of the unit on the bottom shelf you may or may not get accurate readings.  The fact is that temperatures inside a refrigerator or freezer are not uniform. 


This article explains some of the variables that should be considered when deciding where to place the sensor. NIST did a very thorough study of how to monitor vaccines in a refrigeration.  If nothing else you should realize that there a lot of variables to monitoring temperatures in a refrigerator regardless of the size of the appliance. Much depends on where the sensor is placed and how cold air is circulating inside the refrigerator or freezer.

With refrigerators or freezers that are larger than a household appliance the factors influencing temperature are greatly multiplied.  For example if you have a large warehouse used to store frozen foods you might need four or more sensors to monitor all areas of the cold space, again depending on placement and tolerances.

Now the good news is that if you are monitoring a freezer and the temperature is -30°C and if you are willing to live with a ±10°C variation you might be able to get by with one sensor.  Most freezers try to maintain a temperature of  -15° and colder.  That is 15°C colder than freezing so even if the rises to 1°C things stored inside the freezer will still stay frozen; at least theoretically.

To know for sure how many sensors are needed  you should map the temperature of the interior space. By placing several sensor in different areas of the unit and comparing them you can tell where the cold spots are.  If the variation is small you will be able to decide where you want to place a temperature sensor to get an adequate reading.  You will still be assuming a lot but if you only want to know if the temperature is being maintained properly one sensor properly placed can tell you if a fan has quit working or product is restricting air flow.

A refrigerator is a different matter because variation in temperature is much more critical.  Refrigerators have only a narrow range of safe temperatures so any restriction in air flow can mean that one area of the unit will be significantly cooler or warmer than others.  Refrigerators are considered to be safe if temperatures are maintained between 8°C and 2°C.  With only a 6° safe range product placement as well as compressor efficiency and keeping the door closed can mean the difference between a safe temperature and an unsafe product. 

This all boils down to the fact that there is no real way to determine how many sensors should be used to monitor a larger refrigerator or freezer.  As a rule of thumb a large temperature controlled warehouse should have at least two or three sensors.  Walk-in refrigerators and freezers can normally be adequately monitored with one or two sensors and small household sized refrigerators can be monitored with one sensor.

