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Indirect Expansion, Chilled Water Air Conditioning Plant: Main
Components

An indirect expansion, chilled water air conditioning plant uses a two-stage cooling process to provide
cool air for a building. Here's a breakdown of the main components involved:

1. Chiller:

● The heart of the system. It's a large heat exchanger that uses a refrigerant (e.g., R-22,
R-410A) to absorb heat from water.

● The chiller has a compressor that pressurizes the refrigerant, raising its temperature.
● The hot, high-pressure refrigerant passes through a condenser coil, where it releases heat to

the surrounding air or a cooling tower (explained later).
● The cooled, low-pressure refrigerant then flows through an expansion valve, which reduces its

pressure and further lowers its temperature.
● The cold refrigerant then absorbs heat from the chilled water loop in another heat exchanger

called the evaporator.

2. Chilled Water Loop:

● A closed loop of piped water that circulates chilled water throughout the building.
● The chilled water absorbs heat from the air in the air handling units (AHUs) through heat

exchangers.
● Chilled water pumps circulate the water throughout the loop.

3. Cooling Tower (Optional):

● Used in some systems to reject heat from the chiller condenser.
● It uses water and air circulation to cool down the condenser water, which then cools the

refrigerant in the chiller.
● Cooling towers can be evaporative (using water evaporation) or air-cooled (using large fans).

4. Air Handling Units (AHUs):

● Located throughout the building, these units condition the air that ultimately reaches the
conditioned spaces.

● They contain:
○ Supply Fan: Draws in outdoor air (or a mix of outdoor and return air)
○ Filters: Remove dust, pollen, and other contaminants from the air.
○ Cooling Coil: A heat exchanger where the chilled water loop absorbs heat from the air

flowing through the AHU.
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○ Optional: Heating Coil (for year-round comfort): Can be used to heat the air in

cooler seasons using hot water or steam.
○ Supply Air Fan: Pushes the conditioned air through ductwork to the conditioned

spaces.

5. Control System:

● Monitors and regulates the entire system's operation.
● Uses sensors to measure temperatures, pressures, and air flow.
● Adjusts components like chillers, pumps, and AHUs to maintain desired comfort conditions

and optimize energy efficiency.

Additional Components:

● Ductwork: A network of insulated pipes that carries conditioned air from the AHUs to the
conditioned spaces.

● Thermostats: Located in conditioned spaces, they send signals to the control system to
adjust cooling or heating as needed.

Benefits of Indirect Expansion, Chilled Water Systems:

● Efficient cooling for large buildings: Chilled water can be distributed over long distances to
multiple AHUs.

● Flexible system design: AHUs can be located throughout the building for optimal air
distribution.

● Can be integrated with heating systems: Provides year-round comfort control.

By understanding the main components and their functions, you can gain a basic
understanding of how an indirect expansion, chilled water air conditioning plant works to
keep buildings cool and comfortable.

June 2023

Refrigeration Oil Properties and Oil Separator Function:

(a) Four Properties of Refrigeration Oil:

1. Viscosity: Refrigeration oil needs to have the proper viscosity to ensure good circulation
throughout the compressor and lubricate moving parts effectively. It should be thin enough to
flow freely at low temperatures but thick enough to maintain a lubricating film at high operating
temperatures.
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2. Miscibility: The oil needs to be miscible with the refrigerant to some degree. This allows the

oil to dissolve some refrigerant gas and return it to the compressor crankcase, preventing its
loss within the system. However, excessive miscibility can reduce the oil's lubricating
properties.

3. Chemical Stability: The oil should be chemically stable and compatible with the refrigerant
used in the system. It should not react with the refrigerant or degrade over time, which could
lead to sludge formation and system problems.

4. Low Vapor Pressure: Refrigeration oil should have a low vapor pressure to minimize the
amount of oil vapor entering the compressor and circulating throughout the system. Excessive
oil vapor can reduce the efficiency of heat transfer and increase pressure drop within the
system.

(b) Operation of an Oil Separator:

An oil separator is a component in a refrigeration vapor compression system designed to remove
entrained oil droplets from the refrigerant vapor leaving the compressor. Here's how it works:

1. Oil-laden refrigerant vapor: The hot, high-pressure vapor containing entrained oil droplets
exits the compressor and enters the oil separator.

2. Separation: Due to several factors like:
○ Sudden change in direction: The abrupt change in flow direction as the vapor enters

the separator disrupts the oil droplets, causing them to coalesce (merge) into larger
droplets.

○ Density difference: Oil being denser than the refrigerant vapor tends to separate and
fall towards the bottom of the separator due to gravity.

○ Baffles or impingement surfaces: Some separators use baffles or impingement
surfaces that the vapor stream flows around. These surfaces can further aid in
separating oil droplets from the vapor.

3. Oil collection: The larger oil droplets accumulate at the bottom of the separator in a
reservoir.

4. Oil return: A mechanism, such as a float valve or differential pressure control, regulates the
oil level in the separator reservoir. When the oil level reaches a certain point, the valve opens,
allowing the collected oil to return to the compressor crankcase for continued lubrication.

5. Clean refrigerant vapor: The oil-free (or nearly oil-free) refrigerant vapor exits the top of the
separator and proceeds to the condenser in the system.

(c) Reasons for Employing an Oil Separator:

There are several reasons why oil separators are employed in refrigeration vapor compression units:

1. Protects the System: Excessive oil circulation in the system can lead to several problems:
○ Reduced heat transfer: Oil coating the condenser and evaporator coils can hinder

heat transfer efficiency, reducing system performance.
○ Increased pressure drop: Oil can increase the pressure drop within the system,

requiring the compressor to work harder.
○ Varnish formation: Over time, oil can degrade and form varnish deposits on

components, further reducing efficiency and potentially leading to component failure.
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2. Improves Efficiency: By removing oil from the refrigerant vapor, the oil separator helps

maintain optimal heat transfer in the condenser and evaporator, leading to improved overall
system efficiency.

3. Extends Compressor Life: Reduced oil circulation protects the compressor from excessive
wear and tear, contributing to a longer lifespan for this critical component.

4. Environmental Benefits: Oil separators help minimize oil contamination of the refrigerant,
which can be environmentally harmful if it leaks from the system.

In conclusion, oil separators play a crucial role in maintaining the performance, efficiency, and
lifespan of refrigeration systems by ensuring proper oil circulation for lubrication and removing excess
oil from the refrigerant vapor stream.

Nov 2023

June 2020

Liquid Charging Procedure for a Refrigeration Plant: Safety and
Steps

Liquid charging a refrigeration plant involves adding liquid refrigerant to the system to ensure proper
operation and maintain desired cooling capacity. Here's a breakdown of the procedure, emphasizing
safety and essential checks:

Safety Precautions:

● Personal Protective Equipment (PPE): Always wear appropriate PPE like safety glasses,
gloves, and respiratory protection (if working with harmful refrigerants).

● System Shutdown and Lockout: Ensure the refrigeration system is completely turned off
and lockout procedures are implemented to prevent accidental startup during charging.

● Refrigerant Identification: Clearly identify the type of refrigerant used in the system. Consult
the system manual or equipment labels for this information.

● Refrigerant Handling: Handle refrigerant cylinders carefully. Secure them upright and avoid
exposure to excessive heat sources.

● Leak Detection: Before charging, inspect the system for any leaks using a leak detector
suitable for the specific refrigerant. Repair any leaks before proceeding.
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● Ventilation: Maintain proper ventilation in the area where you're working to avoid refrigerant

vapor buildup.

Charging Procedure:

1. Preparation:
○ Purge Lines: Purge the charging hoses and manifold gauges connected to the system

with dry nitrogen to remove any air or moisture that could contaminate the refrigerant.
○ Evacuate System (Optional): In some cases, depending on the system and service

procedure, you may need to evacuate the system using a vacuum pump to remove any
non-condensable gases that could affect performance. However, consult the
manufacturer's instructions or a qualified technician for this step.

2. Charging Process:
○ Connect Hoses: Connect the charging hoses to the appropriate service ports on the

refrigeration system, following the manufacturer's recommendations. Refrigerant lines
typically have a liquid line and a suction line. Ensure proper connections to avoid leaks.

○ Open Liquid Line Valve (Partially): Crack open the valve on the charging cylinder
containing the liquid refrigerant slowly. This helps to purge any residual
non-condensable gases from the line.

○ Monitor Pressures: Observe the pressure readings on the manifold gauge set. The
high-pressure gauge will indicate the pressure in the condenser side of the system,
while the low-pressure gauge will show the pressure in the evaporator side.

3. Charging and Monitoring:
○ Liquid Charging: Slowly open the liquid charging valve on the refrigerant cylinder to

allow liquid refrigerant to enter the system.
○ Superheat Monitoring: Monitor the superheat temperature at the outlet of the

evaporator using a temperature probe. Superheat is the difference between the
saturated refrigerant temperature at the current system pressure and the actual
discharge temperature of the refrigerant vapor leaving the evaporator. It's a crucial
parameter for ensuring proper refrigerant flow and avoiding evaporator flooding.

○ Target Superheat: Maintain the superheat within the manufacturer's recommended
range (typically around 5-15°F). Adjust the charging rate based on the superheat
reading.

○ Liquid Sight Glass (Optional): If the system has a liquid sight glass, observe the flow
of refrigerant. It should be clear with some bubbles, indicating proper circulation. A
cloudy sight glass or lack of bubbles might indicate overcharging or insufficient flow.

4. Stopping the Charge:
○ Target Reached: Once the desired superheat and system pressure are achieved, stop

charging the refrigerant.
○ Close Valves: Close the valve on the refrigerant cylinder and the liquid charging valve

on the system.
5. System Verification:

○ System Operation: Turn on the refrigeration system and monitor its operation. Ensure
proper cooling performance and component functionality.

○ Leak Check: Recheck the system for any leaks after charging, especially around the
connection points.

Additional Considerations:
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● Manufacturer's Instructions: Always refer to the specific equipment manufacturer's

instructions and service manuals for detailed procedures and charging recommendations for
your particular refrigeration plant.

● Experience and Training: Liquid charging, particularly for complex systems or those using
environmentally hazardous refrigerants, should ideally be performed by a qualified technician
with refrigeration experience.

By following these safety precautions and steps, you can perform liquid charging on a refrigeration
plant in a controlled and efficient manner. Remember, consulting a qualified professional for service
and maintenance of refrigeration systems is always recommended, especially for complex systems or
those using environmentally sensitive refrigerants.

Nov 2023

Blended Refrigerant Terminology and Charging States:

Blended refrigerants are mixtures of two or more pure refrigerants. Here's an explanation of each
term and the refrigerant state required for charging:

(a) Azeotrope & NGL (Natural Gas Liquids):

● Azeotrope:
○ Definition: An azeotropic blend is a mixture of refrigerants that behaves like a

single-component refrigerant.
○ Charging State: Liquid

Azeotropic blends can be charged in the liquid phase because, at a specific pressure,
the liquid and vapor phases have the same composition. This simplifies charging as
there's no need to worry about compositional changes during the process.

● NGL (Natural Gas Liquids):
○ Not directly related to azeotropic blends. NGL is a broad term referring to hydrocarbon

liquids extracted from natural gas processing.
○ Charging State: Depends on the specific NGL

Some NGL components, like propane, can be used as refrigerants or blended with
other refrigerants. The charging state (liquid or vapor) would depend on the specific
NGL being used and the overall blend composition. It's crucial to consult the specific
refrigerant blend's technical data sheet for charging instructions.
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(b) Zeotrope:

● Zeotrope:
○ Definition: A zeotropic blend is a mixture of refrigerants where the liquid and vapor

phases have different compositions at a given pressure.
○ Charging State: Liquid (special considerations)

Zeotropic blends require a specific charging technique to maintain the desired blend
composition within the system. They cannot be simply charged like azeotropes.

■ Liquid Line Charging with Vapor Recovery: One method involves charging
the system with liquid refrigerant while simultaneously recovering some vapor
from the system to maintain the original blend composition.

■ Component Charging: In some cases, zeotropic blends may be charged by
individually adding each component based on specific ratios. However, this
method requires specialized equipment and expertise.

(c) Near-azeotrope:

● Near-azeotrope:
○ Definition: A near-azeotrope is a zeotropic blend with a very small temperature

difference between the boiling points of its components. This difference is typically less
than 10°F (5.6°C).

○ Charging State: Liquid (generally)
Due to the minimal difference in boiling points, near-azeotropic blends can often be
charged in the liquid phase similar to azeotropes. However, it's advisable to consult the
specific refrigerant blend's data sheet for any specific charging recommendations.

Key Points:

● Azeotropic blends offer the advantage of simple liquid charging, while zeotropic blends require
more specialized techniques.

● Near-azeotropic blends offer a compromise between the two, often allowing for liquid charging
but referring to the manufacturer's instructions is crucial.

● Always consult the specific refrigerant blend's technical data sheet and manufacturer's
recommendations for proper charging procedures to ensure optimal performance and system
integrity.
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Air in Refrigeration Systems: Why it's Bad and How to Deal With It

(a) Why Air is Undesirable in Refrigeration Systems:

Air is highly undesirable in refrigeration systems for several reasons:

● Reduced Efficiency: Air acts as a non-condensable gas. It occupies space within the system
that should be filled with refrigerant. This reduces the amount of refrigerant available for
absorbing heat, leading to a decrease in the system's cooling capacity and efficiency.

● Increased Pressure: Air can increase the pressure on the high-pressure side of the system,
putting extra strain on the compressor and potentially leading to overheating or component
failure.

● Oil Circulation Issues: Air can interfere with the proper circulation of oil within the system. Oil
is essential for lubricating moving parts in the compressor. Disrupted oil flow can increase
friction, wear, and tear on components.

● System Acidification: Under certain conditions, air can react with compressor oil to create
acidic byproducts. These acids can corrode internal components and degrade system
performance.

● Capacity Control Issues: In systems with capacity control mechanisms like pressure
regulators, the presence of air can lead to inaccurate readings and erratic system operation.

(b) How Air May Enter a Refrigeration System:

Air can enter a refrigeration system through various leaks or during maintenance procedures:

● Leaks: Leaks in suction lines, compressor seals, valve stems, or brazed/welded connections
can allow air to infiltrate the system.

● Improper Charging: Poor charging practices, like failing to purge air from charging lines
before connecting them to the system, can introduce air.

● Component Replacement:When replacing system components, air can be introduced if
proper evacuation procedures are not followed before reassembly.

(c) How Air May Be Removed from a Refrigeration Systems:

There are two main methods for removing air from a refrigeration system:
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● Mechanical Vacuum Pumping: This method involves using a vacuum pump connected to the

system to evacuate air and non-condensable gases. The pump creates a low-pressure
environment that draws out air from the system. This method is typically used during system
installation, major repairs, or when a significant air leak is suspected.

● Purge Method (limited application): In some cases, a purging method might be used for
small systems. This involves introducing a small amount of refrigerant vapor into the system
while simultaneously allowing some non-condensable gases to escape through an open
service port. However, this method requires careful monitoring and is not as effective as
vacuum pumping, especially for larger systems.

Prevention is Key:

The best way to deal with air in refrigeration systems is to prevent it from entering in the first place.
Here are some preventive measures:

● Leak Detection and Repair: Regularly inspect the system for leaks and promptly repair any
identified leaks.

● Proper Charging Procedures: Follow proper procedures for charging the system, ensuring
proper purging of air from charging lines before connecting them.

● Evacuation During Service: Always evacuate the system using a vacuum pump before
performing major repairs or whenever a component is opened to the atmosphere.

● Technician Training: Ensure technicians servicing the system are properly trained on proper
leak detection, evacuation, and charging procedures.

By minimizing air presence in a refrigeration system, you can ensure optimal performance, efficiency,
and extend the lifespan of the system's components.
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May 2021 14th

*(a) Three reasons for the operation of a High-Pressure Cut-Out in a vapor compression refrigeration
system are:

1. Prevents System Damage: The primary function of a high-pressure cut-out switch is to
protect the refrigeration system from excessive pressure building up on the high-pressure side
(condenser side) of the system. This pressure can rise due to various reasons such as:

○ Condenser Failure: Malfunctioning condenser fan or clogged condenser coils can
impede proper heat rejection, leading to pressure rise.

○ System Blockage: Blockages in the system, such as a clogged filter or restricted
capillary tube, can also cause pressure to rise on the discharge side.

○ Loss of Refrigerant: A refrigerant leak can lead to a decrease in refrigerant volume
within the system. The remaining refrigerant will circulate but reach a higher pressure to
compensate for the missing refrigerant, tripping the cut-out.

2. Protects Compressor: High pressure can put excessive strain on the compressor, potentially
leading to motor overload, overheating, and compressor failure. The high-pressure cut-out
helps safeguard the compressor by stopping its operation before such critical conditions occur.

3. Safety Measure: Refrigerant leaks, especially when dealing with older refrigerants, can pose
environmental and safety hazards. A high-pressure cut-out can indirectly contribute to safety
by stopping the system if a pressure rise indicates a potential leak.

(b) Describing the operation of the High-Pressure Cut-Out based on the image is not possible

The image you sent is a black and white drawing of a mechanical device, and it doesn't provide
enough detail to identify specific components or mechanisms to explain the operation of the
high-pressure cut-out.
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However, in general, a high-pressure cut-out typically consists of a pressure sensor and a switch.
The pressure sensor monitors the pressure on the discharge side of the compressor. If the pressure
exceeds the set limit for the specific system, the pressure sensor triggers the switch, which interrupts
power to the compressor motor, stopping its operation.

When the pressure falls below the reset point (which is usually slightly lower than the cut-out
pressure), the switch automatically resets, and the compressor can restart. Some cut-out switches
are manual reset, requiring a technician to physically reset the switch after the pressure issue is
resolved.

May 2021 14th

Nov 2018 23rd

The Vapor-Compression Refrigeration Cycle: Following the
Refrigerant's Journey

The vapor-compression refrigeration cycle utilizes a circulating refrigerant to absorb heat from a
low-temperature area (e.g., a refrigerator compartment) and reject it to a high-temperature area (e.g.,
the surrounding environment). Here's a breakdown of the cycle, highlighting the refrigerant's state
and condition at each stage:

1. Evaporator (Low-Pressure, Low-Temperature):

● State: Saturated Vapor (low pressure, low temperature)
● Condition: The refrigerant enters the evaporator as a low-pressure, low-temperature vapor.
● Process: It absorbs heat from the warm environment inside the refrigerator compartment,

causing the refrigerant to evaporate (change from a liquid to a vapor) and its temperature to
decrease further.

2. Suction Line:

● State: Saturated Vapor (low pressure, low temperature)
● Condition: The low-pressure, low-temperature refrigerant vapor travels through the suction

line towards the compressor.

3. Compressor:
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● State: Superheated Vapor (increased pressure, slightly increased temperature)
● Condition: The compressor increases the pressure of the refrigerant vapor. This compression

work also causes the temperature of the vapor to rise slightly (becomes superheated vapor).

4. Discharge Line:

● State: Superheated Vapor (high pressure, moderate temperature)
● Condition: The high-pressure, moderately hot refrigerant vapor travels through the discharge

line towards the condenser.

5. Condenser (High-Pressure, High-Temperature):

● State: Saturated Liquid (high pressure, high temperature)
● Condition: The hot, high-pressure refrigerant vapor enters the condenser. Here, it rejects heat

to the surrounding environment (typically air or water) through the condenser coils. As it loses
heat, the vapor condenses (changes from a vapor to a liquid) and its temperature decreases.

6. Liquid Line:

● State: Subcooled Liquid (high pressure, slightly lower temperature)
● Condition: The high-pressure refrigerant, now in a liquid state, exits the condenser. It may

pass through an additional heat exchanger (depending on the system design) to further reduce
its temperature (becomes subcooled liquid). This subcooling improves efficiency by ensuring
the refrigerant enters the evaporator as a cooler liquid.

7. Expansion Device (Capillary Tube or Thermostatic Expansion Valve):

● State: Flash Gas & Saturated Liquid (reduced pressure, lower temperature)
● Condition: The high-pressure liquid refrigerant passes through an expansion device (either a

capillary tube or a thermostatic expansion valve). This device restricts the flow of the
refrigerant, causing a sudden pressure drop. The pressure drop results in a partial flashing of
the liquid into a low-pressure, low-temperature vapor-liquid mixture.

8. Return Line:

● State: Two-Phase Mixture (liquid & vapor, low pressure, low temperature)
● Condition: The mixture of liquid and low-pressure vapor travels through the return line back to

the evaporator.

The cycle then repeats:

The chilled liquid and vapor mixture from the return line reaches the evaporator, where the refrigerant
absorbs heat again, and the cycle continues. By continuously circulating through these stages, the
refrigerant acts as a heat transfer medium, removing heat from the low-temperature area and
releasing it to the high-temperature area, achieving the desired cooling effect.
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Nov 2018 23rd

Undercharge in a Refrigeration System: Signs and Solutions

An undercharge situation occurs in a refrigeration system when there's insufficient refrigerant
circulating within the system. This can lead to several issues affecting performance and efficiency.

Indications of Undercharge:

● Reduced Cooling Capacity: The most noticeable sign is a decrease in the system's ability to
cool effectively. The desired temperature within the cooled space (e.g., refrigerator
compartment) may not be reached or maintained.

● Increased Compressor Running Time: The compressor may run for longer periods to try
and compensate for the lack of refrigerant by circulating the existing refrigerant more
frequently.

● Suction Line Frosting: Frosting may appear on the suction line, which carries the
low-pressure refrigerant vapor from the evaporator to the compressor. This is because the
reduced refrigerant flow can lead to a lower suction pressure and a drop in the temperature of
the refrigerant in the suction line. Under normal conditions, the suction line should feel cool but
not frosty.

● Low Suction Pressure Gauge Reading: The pressure gauge on the suction line will indicate
a lower pressure than usual. Refer to the system's manual for the expected pressure range.

● High Discharge Pressure Gauge Reading (Sometimes): In some cases, the compressor
may work harder to overcome the reduced refrigerant flow, leading to a higher discharge
pressure on the high-pressure side (condenser side) of the system. However, this is not
always the case.

Remedies for Undercharge:

● Leak Detection and Repair: The first step is to identify the source of the leak and repair it. A
leak detection tool suitable for the specific refrigerant can be used to find leaks. Once the leak
is fixed, the system needs to be evacuated to remove any air or non-condensable gases that
may have entered.

● Refrigerant Recharge: After leak repair and system evacuation, a qualified technician can
recharge the system with the appropriate type and amount of refrigerant. Following the
manufacturer's recommended charging procedures and using a refrigerant charging scale are
crucial. Overcharging should also be avoided as it can lead to other problems.

● System Performance Monitoring: Once recharged, monitor the system's performance to
ensure proper cooling capacity and pressure readings.

Important Considerations:

● Safety: Handling refrigerants can be hazardous. It's recommended to consult a qualified
technician with proper training and equipment for leak detection, system evacuation, and
refrigerant charging, especially for larger or environmentally sensitive refrigerants.
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● Manufacturer's Instructions: Always refer to the specific system's manual for

troubleshooting steps, recommended pressure ranges, and proper charging procedures.

By addressing an undercharge situation promptly, you can restore the cooling performance of your
refrigeration system and ensure its efficient operation.


