___________________________________________________________________________________________ ME 435 Thermal Energy Systems

Lecture #15

___________________________________________________________________________________________

Heat Exchangers  (much of this will be a review-you might want to take a peek at your heat transfer book)

The purpose of heat exchangers is to transfer energy between two or more fluid flows.  The fluids be single phase (liquid or vapor) or may undergo a phase change (condensation or evaporation).  

In refrigeration, the heat exchangers used are known as evaporators and condensers since the refrigerant undergoes the phase changes as it travels around the cycle.  The heated or cooled fluid usually remains in a single phase, depending on the desired function of the system.

Evaporators

In refrigeration systems, the function of the evaporator is to chill a fluid.  The fluid can be a liquid, or air.  The refrigerant is only there to gain the energy of the fluid we want to chill, and in doing so, the refrigerant boils.

There are four common types of evaporators used in refrigeration:

1.  Direct expansion(DX or shell and tube)

2.  Flooded shell and tube

3.  Baudelot chiller

4.  Shell and coil

Each of these is briefly described below, together with the typical capacity range, and refrigerants used (some of which are being phased out).  A handout will be given in class that has drawings of each of these types of evaporators.  

	Type of Evaporator
	Capacity range (tons)
	Refrigerants used

	DX (shell and tube)
	2-350
	12,22,134a,500,502,717

	Flooded Shell and Tube
	25-2000
	11,12,22,113,114,123,134a,500,502,717

	Baudelot
	5-25
	12,22,134a,717

	Shell and coil
	2-10
	12,22,134a,717


DX Evaporators

These types of evaporators are used to chill either a liquid or air.  In either case, the refrigerant is contained inside tubes, and the chilled fluid flows outside the tubes.

In the case of a chilled liquid, the chilled fluid is contained in a shell.  These types of heat exchangers are commonly known as shell-and-tube heat exchangers

If air is the fluid being chilled, this is normally done by using finned-tubes.  The fins enhance the heat transfer between the air and the refrigerant.  These types of heat exchangers are commonly known as DX coils.

Flooded Shell and Tube Evaporators

These types of evaporators are large capacity chillers.  The heat exchanger configuration is opposite that of a DX shell and tube setup.  The refrigerant is on the shell-side, and the chilled fluid flows in the tubes.

Baudelot Chillers

This type of evaporator is used to chill a liquid to very near its freezing point.  The DX Baudelot Chiller has the refrigerant flowing through “plates” with the liquid being chilled gravity fed over the outside of the plates.  The food and dairy industries use this type of chiller.  It is also called a “plate-frame” heat exchanger.

Shell and Coil Evaporators

This type of evaporator is used to chill a liquid.  Refrigerant flows inside the coil, and the fluid being chilled is contained in a shell.  The shell can be used as a storage buffer for the chilled liquid.  This type of chiller is used in low-demand applications such as bakeries, photo labs, drinking fountains, etc.

Condensers

In a refrigeration system, the function of the condenser is to remove enough energy from the refrigerant to cause condensation.  The fluid used to cool the refrigerant can be a liquid (usually water), or air.

The most common type of air-cooled condenser is the finned tube coil where the refrigerant condenses inside the tubes, and the air flows over the tubes, which are finned.

There are several types of liquid cooled condensers:

1.  Shell and tube

2.  Shell and coil

3.  Double pipe

4.  Evaporative

Each of these types of condensers is discussed below.  The following table shows typical heat rejection rates for the various types of condensers.

	Type of Condenser
	Heat Rejection Rate Range (tons)

	Shell and tube
	1-100,000

	Shell and coil
	1/2-15

	Double pipe
	1/3-50

	Evaporative
	1-100


Shell and tube condensers

Unlike the shell and tube evaporators, shell and tube condensers operate with the refrigerant inside the shell and the cooling water flowing inside the tubes.  The hot refrigerant gas enters on the top-side of the shell, and the liquid is drawn off at the bottom.  The cooling water can be single or multi-pass.

Shell and coil condensers

The construction of this type of condenser is very similar to the shell and tube, except for the way that the tubes are placed within the shell.  In this type, the tubes are literally coiled within the shell, whereas in the shell and tube, the tubes run through the shell from one end to the other.

Double Pipe Condensers

This type of condenser is formed by putting a small tube inside a large tube.  The refrigerant can flow through either the annulus or the tube center.  Since the annular flow has the potential for a higher pressure drop, it is more common to have the refrigerant in the tube.  The direction of the coolant and the refrigerant can be arranged such that the flow is either parallel or counterflow.  

Evaporative Condensers

Evaporative condensers utilize two coolant flows to condense the refrigerant:  air and water.  The refrigerant flows through tubes.  Water is sprayed onto the tubes and air is drawn across the tubes.  The hot refrigerant boils the water film on the tubes, utilizing the water’s phase change to remove a significant amount of energy.  The combination of the air blowing across the tubes and the water film on the surface make for excellent heat transfer characteristics.  Since the phase change of the water is utilized, the heat transfer area for evaporative condensers is smaller compared to a single-phase coolant condenser.

We will now discuss the different pictures of the different types of heat exchangers.

