How Refrigerators Work

by Marshall Brain

In the kitchen of nearly every home in America there is a refrigerator. Every 15 min­utes or so you hear the motor turn on, and it magically keeps things cold. Without refrigeration, we'd be throwing out our leftovers instead of saving them for another meal. 

The refrigerator is one of those miracles of modern living that totally changes life. Prior to refrigeration, the only way to preserve meat was to salt it, and iced beverages in the summer were a real luxury. 

The basic idea behind a refrigerator is very simple: It uses the evaporation of a liquid to absorb heat. In this article, you'll find out how your refrigerator performs its magic based on this simple principle. We'll also look at cold packs, electronic coolers and the propane refrigerators found in RVs.

The Purpose of Refrigeration

The fundamental reason for having a refrigerator is to keep food cold. Cold temperatures help food stay fresh longer. The basic idea behind refrigeration is to slow down the activity of bacteria (which all food contains) so that it takes longer for the bacteria to spoil the food. 

For example, bacteria will spoil milk in two or three hours if the milk is left out on the kitchen counter at room temperature. However, by reducing the temperature of the milk, it will stay fresh for a week or two -- the cold temperature inside the refrigerator decreases the activity of the bacteria that much. By freezing the milk you can stop the bacteria altogether, and the milk can last for months (until effects like freezer burn begin to spoil the milk in non-bacterial ways). 

Refrigeration and freezing are two of the most common forms of food preservation used today. For more information on other ways to preserve food, see How Food Preservation Works.

Parts of a Refrigerator

​As we learned in the introduction, the basic idea behind a refrigerator is to use the evaporation of a liquid to absorb heat. You probably know that when you put water on your skin it makes you feel cool. As the water evaporates, it absorbs heat, creating that cool feeling. Rubbing alcohol feels even cooler because it evaporates at a lower temperature. The liquid, or refrigerant, used in a refrigerator evaporates at an extremely low temperature, so it can create freezing temperatures inside the refrigerator. If you place your refrigerator's refrigerant on your skin (definitely NOT a good idea), it will freeze your skin as it evaporates. 

There are five basic parts to any refrigerator (or air-conditioning system): 

· Compressor 

· Heat-exchanging pipes - serpentine or coiled set of pipes outside the unit 

· Expansion valve 

· Heat-exchanging pipes - serpentine or coiled set of pipes inside the unit 

· Refrigerant - liquid that evaporates inside the refrigerator to create the cold temperatures 

Many industrial installations use pure ammonia as the refrigerant. Pure ammonia evaporates at -27 degrees Fahrenheit (-32 degrees Celsius). 

The basic mechanism of a refrigerator works like this: 
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1. The compressor compresses the refrigerant gas. This raises the refrigerant's pressure and temperature (orange), so the heat-exchanging coils outside the refrigerator allow the refrigerant to dissipate the heat of pressurization. 

2. As it cools, the refrigerant condenses into liquid form (purple) and flows through the expansion valve. 

3. When it flows through the expansion valve, the liquid refrigerant is allowed to move from a high-pressure zone to a low-pressure zone, so it expands and evaporates (light blue). In evaporating, it absorbs heat, making it cold. 

4. The coils inside the refrigerator allow the refrigerant to absorb heat, making the inside of the refrigerator cold. The cycle then repeats. 

This is a fairly standard -- and somewhat unsatisfying -- explanation of how a refrigerator works. So let's look at refrigeration using several real-world examples to understand what is truly happening.

Understanding Refrigeration

To understand what is happening inside your refrigerator, it is helpful to understand refrigerants a little better. Here are two experiments that help you see what is happening. 

	Experiments

These experiments can help you understand the properties of gases and their role in refrigeration. 

Experiment 1
You will need: 

· A pot of water 
· A thermometer that can measure up to at least 250 degrees F 

· A stove 

Put the pot of water on the stove, stick the thermometer in it and turn on the burner. You will see (if you are at sea level) that the temperature of the water rises until it hits 212 F. At that point, it will start boiling, but will remain at 212 F -- this is the boiling point of water at sea level. If you live in the mountains, where the air pressure is lower than it is at sea level, the boiling point will be lower -- perhaps between 190 and 200 F. This is why many foods have "high-altitude cooking directions" printed on the box. You have to cook foods longer at high altitudes. 

Experiment 2
You will need: 

· An oven-safe glass bowl 

· A thermometer that can measure up to at least 450 F 

· An oven 

Put the thermometer in your container of water, put the container in the oven and turn it to 400 F. 

As the oven heats up, the temperature of the water will again rise until it hits 212 F, and then start boiling. The water's temperature will stay at 212 F even though it is completely surrounded by an environment that is at 400 F. If you let all of the water boil away (and if the thermometer has the range to handle it), as soon as the water is gone the temperature of the thermometer will shoot up to 400 F. 



The second experiment is extremely interesting if you think about it in the following way: Imagine some creature that is able to live happily in an oven at 400 degrees Fahrenheit. This creature thinks 400 F is just great -- the perfect temperature (just like humans think that 70 F is just great). If the creature is hanging out in an oven at 400 F, and there is a cup of water in the oven boiling away at 212 F, how is the creature going to feel about that water? It is going to think that the boiling water is REALLY cold. After all, the boiling water is 188 degrees colder than the 400 F that this creature thinks is comfortable. That's a big temperature difference! 

(This is exactly what is happening when we humans deal with liquid nitrogen. We feel comfortable at 70 F. Liquid nitrogen boils at -320 F. So if you had a pot of liquid nitrogen sitting on the kitchen table, its temperature would be -320 F, and it would be boiling away -- to you, of course, it would feel incredibly cold.) 

	Butane Lighters
If you go to the local store and buy a disposable butane lighter with a clear case (so that you can see the liquid butane inside), what you are seeing is liquid butane stored in a high-pressure container. Butane boils at 31 degrees F at normal atmospheric pressure (14.7 PSI). By keeping butane pressurized in a container, it remains liquid at room temperature. If you took a cup of butane and put it on your kitchen counter, it would boil, and the temperature of the boiling liquid would be 31 F. 
The boiling point of butane, by the way, also explains why butane lighters don't work very well on cold winter days. If it is 10 degrees Fahrenheit outside, the butane is well below its boiling point, so it cannot vaporize. Keeping the lighter warm in your pocket is what allows it to work in the winter.


Modern refrigerators use a regenerating cycle to reuse the same refrigerant over and over again. You can get an idea of how this works by again imagining our oven creature and his cup of water. He could create a regenerating cycle by taking the following four steps: 

1. The air temperature in the oven is 400 degrees F. The water in the cup boils away, remaining at 212 F but producing a lot of 400 F steam. Let's say the creature collects this steam in a big bag. 

2. Once all the water boils away, he pressurizes the steam into a steel container. In the process of pressurizing it, its temperature rises to 800 F and it remains steam. So now the steel container is "hot" to the creature because it contains 800 F steam. 

3. The steel container dissipates its excess heat to the air in the oven, and it eventually falls back to 400 F. In the process, the high-pressure steam in the container condenses into pressurized water (just like the butane in a lighter -- see sidebar). 

4. At this point, the creature releases the water from the steel pressurized container into a pot, and it immediately begins to boil, its temperature dropping to 212 F. 

By repeating these four steps, the creature now has a way of reusing the same water over and over again to provide refrigeration. 

Now let's take a look at how these four steps apply to your refrigerator. 

​

The Refrigeration Cycle

The refrigerator in your kitchen uses a cycle that is similar to the one described in the previous section. But in your refrigerator, the cycle is continuous. In the following example, we will assume that the refrigerant being used is pure ammonia, which boils at -27 degrees F. This is what happens to keep the refrigerator cool: 
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1. The compressor compresses the ammonia gas. The compressed gas heats up as it is pressurized (orange). 

2. The coils on the back of the refrigerator let the hot ammonia gas dissipate its heat. The ammonia gas condenses into ammonia liquid (dark blue) at high pressure. 

3. The high-pressure ammonia liquid flows through the expansion valve. 

You can think of the expansion valve as a small hole. On one side of the hole is high-pressure ammonia liquid. On the other side of the hole is a low-pressure area (because the compressor is sucking gas out of that side). 

4. The liquid ammonia immediately boils and vaporizes (light blue), its temperature dropping to -27 F. This makes the inside of the refrigerator cold. 

5. The cold ammonia gas is sucked up by the compressor, and the cycle repeats. 

By the way, if you have ever turned your car off on a hot summer day when you have had the air conditioner running, you may have heard a hissing noise under the hood. That noise is the sound of high-pressure liquid refrigerant flowing through the expansion valve. 

Pure ammonia gas is highly toxic to people and would pose a threat if the refrigerator were to leak, so all home refrigerators don't use pure ammonia. You may have heard of refrigerants know as CFCs (chlorofluorocarbons), originally developed by Du Pont in the 1930s as a non-toxic replacement for ammonia. CFC-12 (dichlorodifluoromethane) has about the same boiling point as ammonia. However, CFC-12 is not toxic to humans, so it is safe to use in your kitchen. Many large industrial refrigerators still use ammonia. 

In the 1970s, it was discovered that the CFCs then in use are harmful to the ozone layer, so as of the 1990s, all new refrigerators and air conditioners use refrigerants that are less harmful to the ozone layer. 

How Do Refrigerators Work?

All residential refrigerators operate in a similar fashion. All refrigerators have these components: a compressor, condenser, evaporator, capillary tube, and a thermostat. Refrigerators with an automatic defrost cycle have small heaters in strategic places to defrost ice buildup. The basic principle of refrigeration is that you remove heat. Some people think refrigeration works by cooling something, but it's just taking heat away. The refrigeration process is really simple. Your refrigerator takes warm air and makes it cooler by transferring the heat using evaporation principles.

Refrigeration starts with the compressor. The compressor is the workhorse for the refrigerator. The compressor is turned on when electricity is sent to it by the thermostat. It mechanically compresses, or squeezes, a refrigerant gas. This compression causes the gas to become a hot, high-pressure gas. Next, this hot gas flows through a set of condenser coils where it dissipates its heat, and condenses into a liquid. 

The condenser coil is a system of bent tubes that run through thin pieces of metal. These thin pieces of metal are sometimes referred to as fins. These fins resemble a radiator that you would see in a car. The high-pressure gas from the compressor flows into the condenser coils and changes state to become a liquid. As this change takes place, the tubes radiate heat from the refrigerant gas. This heat is conducted away from the coils by the fins attached to the tubes. The capillary tube connects the condenser coils to the evaporator coils, and it controls the pressure of the refrigerant as it enters the coils. 

As the refrigerant passes through the exit of the capillary tube, the liquid refrigerant expands, boils, and evaporates into the evaporator coils, and it becomes a cold, low-pressure gas. This cold gas flows through the evaporator coils, which allows the gas to absorb heat, and by absorbing that heat; it cools down the air flowing past the coils. The fan inside the freezer’s compartment circulates the air to keep the temperature uniform and constant. Because the evaporator coils are so cold, they cause any humidity in the air to freeze onto the evaporator coils as ice or frost. The refrigerant is then sucked back into the compressor where the process is repeated. A thermostat controls the process, helping to keep frozen foods at the desired temperature to maintain freshness.

The fan that is located inside the refrigerator's freezer compartment circulates the air to keep the temperature uniform and constant. The process is regulated through the use of thermostats and switches, which help to keep your foods at a desirable temperature to maintain freshness without freezing the food, or leaving it so warm that it spoils. When the temperature is cool enough, the thermostat senses it, and tells the compressor and fan to take a break. When it gets too warm again, the same thermostat tells the compressor and fan break time is over.

Most modern refrigerators have an automatic defrost system which includes three major components: the defrost timer, defrost thermostat, and defrost heater. 

The defrost timer, approximately every 6 to 12 hours, cuts off the power to the compressor and cooling system, and switches on the defrost heater. As the ice melts, it drips through a drain hole, through a tube, and into an evaporation pan where it evaporates with the help of a fan that blows warm compressor air over it to improve evaporation. The defrost heater has an electric heating element and is located just beneath the evaporator coils. This heater element gets hot, and due to its proximity to the coils, any ice or frost build-up usually melts pretty fast. When the defrost timer advances, or the defrost thermostat, located near the evaporator coils, detects that the temperature by the coils has raised up to a certain pre-set temperature, the cooling unit kicks back in. 

