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We will be referencing the 
Refrigeration and Air 
Conditioning 
Technology book for this 
course. It is recommended 
that you purchase this 
book hard cover or as an 

eBook, the purchase of  
this book is not necessary 
to complete this course 
but it is recommended to 
obtain a copy for your 
future reference 
throughout your HVAC 
career.
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Objectives (1)
•After studying this unit, you should be able 

to:
• Explain the purpose of  the condenser in a 

refrigeration system
• Describe differences between the operating 

characteristics of  water-cooled and air-cooled 
systems
• Describe the basis of  the heat exchange in a 

condenser
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Objectives (2)
• Explain the difference between a tube-within-a-

tube coil-type condenser and a tube-within-a-
tube serviceable condenser
• Describe the difference between a shell-and-coil 

condenser and a shell-and-tube condenser
• Describe a wastewater system
• Describe a recirculated water system

4

Objectives (3)
• Describe a cooling tower
• Explain the relationship between the 

condensing refrigerant and the condensing 
medium for cooling tower systems
• Compare an air-cooled, high-efficiency 

condenser with a standard condenser
• Describe the operation of  head pressure 

control values, fan cycling controls, VFD 
condenser fan motors, dampers, condenser 
flooding, and condenser splitting
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The Condenser
•Heat exchange surface that rejects system 

heat
• Rejects sensible heat

• Desuperheats vapors from the compressor
• Condenses vapors to liquid
• Subcools the liquid refrigerant

• Rejects latent heat during condensing process
• The greatest amount of  heat is transferred 

during the change of  state
• Operates at higher pressures and temperatures 

than the evaporator and is often located outside
6

Water-Cooled Condensers
•More efficient than air-cooled 
condensers
•Water temperature can be maintained
•Directly affects system pressures
•Three types of  water-cooled condensers
• Tube within a tube condenser (double tube)
• Shell and coil condenser
• Shell and tube condenser
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Tube-within-a-Tube Condensers

•Heat exchange takes place between the 
fluids in the inner and outer tubes
•Refrigerant flows in the outer tube
•Water flows in the inner tube
•Refrigerant and water flow in opposite 
directions to maximize the transfer rate
•Depending on the construction, the 
condenser can be cleaned mechanically or 
chemically
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Tube-within-a-Tube Condensers: 
Construction

Figure 22-3 (A) A tube-
within-a-tube condenser 
constructed by sliding one 
tube through another tube. 
The tubes are sealed in 
such a manner that the 
inside tube is separated 
from the outside tube
Courtesy Noranda Metal 
Industries, Inc.  Photos by 
John Tomczyk
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Mineral Deposits
•Heat from the discharge gas causes 
minerals to come out of  solution
•Form scale that adheres to the pipes
• The scale acts as an insulator and reduces the 

rate of  heat transfer
•Water is chemically treated to reduce scale 
formation on the interior pipe surfaces
•Dirty condensers lead to high head 
pressures
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Scale Deposits
Figure 22-3 
(D) Scale 
deposits shown 
on the inner 
water tube of  a 
tube-within-a 
tube condenser 
Courtesy Ferris State 
University. Photos by John 
Tomczyk
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Cleanable Tube-within-a-Tube 
Condensers
•Tube-within-a-tube condenser has end 
flanges, which are removed to access 
the water circuit
•The refrigerant circuit remains sealed 
while the water circuit is open
•The mechanically cleanable tube-in-tube 
condenser is more costly than the 
chemically cleanable version of  the 
condenser
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Tube with in a tube condenser

A.Tube with in a tube sealed

B. Tube with in a tube 
cleanable type. When 
flanged is removed you can 
clean the water side and the 
refrigeration side will not be 
disturbed. 
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Tube within a tube condenser

A. Refrigerant may travel through 
the outside tube and the 
refrigerant through the inside 
tube, on some it may be 
reversed. 

B. The flow of  the refrigerant and 
the water must be of  the counter 
flow. 

C. The warmest refrigerant will be 
in contact with the warmest 
water and the coolest refrigerant 
will be with the coolest water so 
you will have a better heat 
exchange and more sub-cooling
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Cleanable Tube-within-a-Tube 
Condensers: Cleaning Brush

Figure 22-8  (B) Cutaway view of  cleaning brush
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Shell-and-Coil Condensers
•Coil of  tubing enclosed in a welded shell
•Water flows through the coil
•Refrigerant from the compressor is 

discharged into the shell
•The shell also acts as the receiver
•When refrigerant comes in contact with the 

cool coil, it condenses & falls to the bottom
•This condenser must be cleaned chemically
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Shell-and-Coil Condensers: Description
Figure 22-9 
The shell-and-
coil condenser. 
The hot 
refrigerant gas is 
piped into the 
shell, and the 
water is 
contained inside 
the tubes
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Shell-and-Tube Condensers
•Can be cleaned mechanically
•Compressor discharge gas is piped into the 

shell
• Water flows through the tubes in the 

condenser
• The ends of  the shell are removed for 

cleaning
• The shell acts as a receiver
• Refrigerant circuit is not disturbed when the 

ends of  the shell (water boxes) are opened
•Most expensive type of  condenser
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Four-Pass Shell-and-Tube Condenser

Figure 22-10 (A) Water can be circulated back and forth through the 
condenser by using the end caps to give the water the proper direction. This 
would be a 4-pass shell and tube condenser. The number of  water passes will 
vary with the end plate design

19

20

Shel and tube condenser 

As the mineral rich condenser water 
goes through the condenser the 
minerals will stick to the warm walls 
of  the condenser.  Chemicals will 
suspend as much of  the deposits as 
possible nut some will still stick to 
the tubes. 
A tube cleaning machine such as this 
GOODWAY machine can be used 
to remove the scale and mineral 
deposits. 

This should be done in early spring 
so the condenser can give off  as 
much of  the heat as possible to the 
condenser water. 
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Water cooled condenser

A. shows the flow of  water 
and refrigerant.
B. tubes have been pulled 
possibly to re-tube and or 
inspect tubes.
C. water flow. Water box 
disassembly 
D. Condenser and parts of  the 
unit
E. Opposite side of  chiller
F. dis-assembling of  the water 
box
G. Punching the tubes 
(cleaning tubes)
H. Water box End Bell

Wastewater Systems
•Water used once and then “wasted” down the 

drain
• Economical if  water is free or if  the system is 

small
• Drawback: the water temperature can vary 

greatly
• Typical water temperature is about 75°F
• Water typically leaves the condenser at 95°F

• The amount of  water needed depends on the 
temperature difference between the water in and 
out of  the condenser
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Wastewater Systems: Plentiful Water

Figure 22–11 The wastewater system is used when water is 
plentiful at a low cost, such as from a well or lake
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Refrigerant-to-Water Temperature 
Relationship for Wastewater Systems

• Water flow is controlled by a water regulating valve
• Two pressures control the water regulating valve

• The head pressure pushes to open the valve
• The spring pressure pushes to close the valve

• The valve opens when the head pressure rises
• Water temperature is higher in the warmer months
• Water temperature is lower in the cooler months

24

25

Water regulating valve

Recirculating Water Systems

•The water flowing through 
condenser pumped to a remote 
location, cooled and reused
•Design water temperature is 85°F
•A water flow rate of  3.0 gpm per ton 
of  refrigeration is required to absorb 
heat
•There is a 10 degree split across the 
water circuit
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Recirculating Water Systems Described
Figure 22–14 This 
water-cooled 
condenser absorbs 
heat from the
refrigerant and pumps 
the water to a cooling 
tower at a remote
location. The 
condenser is located 
close to the 
compressor, and the 
tower is on the roof  
outside the structure

27

Condenser and Chill Water Cycle
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Cooling Towers
•Device used to remove heat from the 
water used in recirculating water systems
•Towers can cool the water to a temperature 

within 7°F of  the wet bulb temperature of  
the air surrounding the tower
• If  the wet bulb temperature is 90 degrees, 

water can be cooled to a temperature as low 
as 83°F

•Natural draft, forced draft, or evaporative
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Cooling tower 

with chemical 
container
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Cooling tower condenser and 
chemical dispenser
At the cooling tower on top of  

the picture, heat is given up to the 
air to cool the condenser water.
The cool condenser water will get 
pumped in to the condenser below 
so it can absorb the heat from the 
refrigerant.  As the refrigerant 
gives up the heat in the cooling 
tower the water evaporates and 
leaves mineral deposits behind. 
The water treatment needs to be 
added so the sediment or mineral 
deposits will not stick to any of  
the walls of  the condenser water 
system. You can say that the 
mineral deposits are in suspension, 
another thing chemical treatment 
will do is to kill living organisms 
such as Legionella. Witch is 
dangerous to humans.  
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As the water evaporates and 
gives off  heat, fresh water 
needs to take its place.

A float may be used to 
maintain the proper water 
level as water is evaporated 
or drained, often called Blow 
Down. 

Blow Down is done to 
remove water that is 
saturated with mineral 
deposits.  
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Cooling Tower

Figure 22–16 The relationship of  a forced-draft cooling tower to the ambient 
air. Cooling tower performance depends on the wet-bulb temperature of  the 
air. This relates to the humidity and the ability of  the air to absorb moisture 33

Forced- or Induced-Draft Towers
•Use a fan or blower to move air through
•As water falls through the tower, air is 

moved across it to aid in cooling 
•Can be located almost anywhere
•The fan is cycled on and off  to maintain the 

desired water temperature
• Forced draft: air is pushed through the tower
• Induced draft: air is pulled through the tower

34
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Forced Draft
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Induced Draft

Natural-Draft Towers
•Redwood, fiberglass, or galvanized sheet 
metal
•There are no blowers to move air through
• Natural breezes move air through the tower
• Water enters the tower from the top and is 

cooled as the water falls to the bottom
• Some water evaporates in the process, helping 

to cool the remaining water in the tower
•Additional water is added through a float 

valve
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Evaporative Condensers
•Designed to operate full of  liquid
•Latent heat transfer takes place throughout 
the coil
•Coil efficiency is maximized
•Other devices must be used to prevent 
liquid from entering the compressor
•Normally use a float-type metering device 
to keep the liquid level in the coil high
•Blowdown is made up with fresh water 
from the float system

38
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Evaporative Condensers
• Refrigerant lines are located within this type of  tower

Air-Cooled Condensers
•Uses air to absorb heat rejected by the system 
in locations where water is difficult to use
•Horizontal, vertical, or side intake and top 
discharge
•Hot gas enters the condenser from the 

top
•For standard efficiency systems, the 

refrigerant will condense at a temperature 
about 30°F higher than the outside 
ambient temperature
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Air-Cooled Condensers: Function of  
Fins
Figure 22-26 
Fins 
designed to 
give the coil 
more 
surface area

41
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High-Efficiency Condensers
•Have larger surface areas than 
standard condensers
•Allow systems to operate at lower 
pressures
•Allow systems to operate more 
efficiently
•Can operate with head pressures as low 
as 10°F higher than the outside ambient 
temperature

42
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•on some units head pressure can 
be 30 degrees above ambient: so 
you get ambient temperature add 
30 degrees cross reference to 
pressure using P T chart and that 
should be your head pressure.
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•on high efficiency units you may 
only need to add 20 degrees 
above ambient.
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Air-cooled Condensers
• Example:

• 1. R-12 medium temperature refrigeration system
• 2. Outside air temperature is 95 degrees F
• 3. 95 degrees + 30 degrees = 125 degrees F (condensing 

temperature)
• 4. From the P/T 

relationship for 
R-12, the head 
pressure will be 
169 psig
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Air-cooled Condensers

47

•Air cooled condensers use air to reject the 
heat 

•With in the air cooled condensers you have 
static &  forced air

•Capacity may be increased by adding a fan or 
increasing the airflow (CFM) across the coil. 

•The head pressure may be controlled by 
controlling the airflow across the condenser    
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The Condenser and Low-Ambient 
Conditions
•Condensing temperatures drop when 
the outside ambient temperature 
drops
•Reduces the operating pressure on the 

high-pressure side of  the system
•A starved evaporator coil may result
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When the ambient temperature is low, the 
condensing temperature will drop.

There needs to be a 75 to 100 pounds of  
pressure difference between the high and the 
low pressure side.

The high side pressure needs to be kept up.
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The condensing temperature (psig) must be 
at least 75 to 100psig higher than the suction 
pressure for the expansion device to operate 
correctly

Low ambient controls are designed to 
maintain the proper head pressure

Low ambient controls are necessary on 
systems that operate year round
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Head Pressure Control:
Practical Methods

•Methods to maintain correct head 
pressure
•Fan Cycling Controls
•Variable Frequency Drive (VFD) 
Condenser Fan Motor Controls
•Air Shutters or Dampers
•Condenser Flooding
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Head Pressure Control: Fan-Cycling 
Devices
•Fan cycling controls
•Used on air-cooled condensers
•As the head pressure drops, fan cycles off
•As the head pressure rises, fan cycles on
• Some condensers have more than one fan
• Some fans remain on all the time
• Others cycle on/off  to maintain proper 

pressure
• Can be controlled by pressure or temperature

52
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Head Pressure Control:
VFD Condenser Fan Motors
•Variable frequency drive (VFD) 
condenser fan motors
•Motor speed changes to maintain head 

pressure
•As head pressure drops, fan slows down
•As head pressure rises, fan speeds up
•Maintains a more constant head pressure
•Can be controlled by pressure or 

temperature
54

VFDs are used to control the sped of  the fan and 
control the head pressure (discharge pressure or the 
High side pressure) 
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Head Pressure Control: Air Shutters or 
Dampers
•Air shutters or dampers
•Located at the inlet or outlet
•Operates by pressure-controlled piston
•Controls airflow through the condenser coil
•As ambient temperature drops, the dampers 

close to reduce the amount of  airflow
•As ambient temperature rises, the dampers 

open to increase the amount of  airflow

56



20

Dampers/shutters are used to control the 
airflow across the condenser. The more airflow 
the lower the discharge pressure. 
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Head Pressure Control:
•Condenser splitting
•Reduces extra refrigerant charge needed 

for condenser flooding
• Splits the condenser into two separate 

and identical condenser circuits
• “Summer/Winter” condenser; “Summer” 

condenser
• Solenoid valve control energized/de-

energized by controller sensing outside 
ambient
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Floating Head Pressures
•Term used for attaining the lowest possible 
condensing temperature
•Allows the head pressure to follow the 

ambient temperature without using head 
pressure controls
• Thermostatic expansion valves (TXVs) and 

some newer expansion devices can operate 
properly with pressure differences as low as 30 
psig
• Systems become more efficient since they 

operate at lower pressures
59
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•None-condensable gases gives your 
system  high head pressure

The total pressure of  a confined mixture 
of  gases is the sum of  each of  the gases 

in the mixture

Dalton’s law:
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The cycle of  a liquid
• First the temperature of  a liquid is raised to boiling 

temperature
• Then the liquid starts to change its state (it boils)
• It is turned in to 100% vapor

• Then the temperature is raised above the boiling or 
saturated temperature

• Superheating the vapor
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The cycle of  a liquid
• If  no more heat is added then the vapor will start to cool 

down
• The temperature drops to Saturation temperature
• It is turned in to 100% liquid

• Then the temperature is lowered below the condensing or 
saturated temperature

• Sub-cooling the vapor
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The cycle of a liquid

100º

212º 212º

220º

The cycle of a liquid

• How much was the liquid heated?   

100º

212º 212º

220º

112º
While boiling how much did the temperature rise?   0º
How much was the vapor Superheated?   8º

How much was the vapor De-superheated?   8º
While condensing how much was the vapor cooled?   0º

How much was the liquid sub-cooled?   112º
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To get sub-cooling:

•Get the discharge pressure cross-reference using the 
PT chart.

•Get the liquid line temperature.

•Subtract the two and the results will be the sub 
cooling.
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The high side refrigerant cycle

• 260 PSIG converts to?   

120º 120º

200º

How much was the refrigerant De-superheated? 80º

While condensing how much was the vapor cooled?   0º

How much was the liquid sub-cooled?   20º
100º

Compressor discharge temperature is 

Temperature of liquid at liquid line.
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•when installing insure you have 
clearance all around, do not block air 
flow

Summary (1)
•The condenser is the system 
component responsible for 
rejecting system heat
•Condensers reject both latent and 
sensible heat
•Water-cooled condensers are more 
efficient than air-cooled condensers
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Summary (2)
•Three types of  water-cooled 
condensers are the tube within a 
tube, shell and coil, and the shell 
and tube
•Mineral deposits in the water circuit 
reduce the heat transfer rate 
between the water and the 
refrigerant
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Summary (3)
•Some condensers can be 
mechanically cleaned while 
others must be cleaned 
chemically
•Wastewater systems use water 
once and then waste it down the 
drain
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Summary (4)
•Wastewater systems typically supply 
75-degree water to the condenser 
and require 1.5 gpm/ton
•Recirculating water systems typically 
supply 85-degree water and require 
3.0 gpm/ton
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Summary (5)
•Wastewater systems utilize a water-
regulating valve while recirculated 
water systems do not
•Evaporative condensers use a 
combination of  water and air to 
achieve the condensing process
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Summary (6)
•High efficiency condensers operate 
with lower head pressures than 
standard efficiency condensers
•Low ambient controls allow 
systems to operate properly when 
the ambient temperature is low
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Homework

• In the next module we will be 
discussing compressors.
• It is recommended that you read unit 24 
and answer questions: 1, 2, 3, 5, 6, 8, 13, 
14 and 15
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