
How Water-Cooled Chillers Work: A 
Complete Guide 

 

In every large building, manufacturing facility, or data center, maintaining the right 
temperature isn’t just about comfort — it’s about efficiency and precision. That’s where 
water-cooled chillers come in. Known for their reliability and energy efficiency, these 
chillers form the backbone of many industrial and commercial cooling systems. But how 
exactly do they work? Let’s break down the process step by step and understand the role 
of each component, including the important function of screw chillers in modern 
installations. 

What Are Water-Cooled Chillers? 

Water-cooled chillers are refrigeration systems that remove heat from a process or 
building and transfer it to water, which is then circulated to a cooling tower to dissipate 
the heat into the atmosphere. Unlike air-cooled chillers that use ambient air for heat 
rejection, water-cooled chillers use water as the primary medium, making them more 
efficient — especially for high-capacity applications. 
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They are widely used in: 

● Industrial process cooling 
 

● Large office buildings 
 

● Hospitals and data centers 
 

● Commercial complexes 
 

The key advantage of water-cooled chillers lies in their ability to maintain consistent 
cooling performance even under heavy loads or in hot climates. 

The Core Components of Water-Cooled Chillers 

To understand how water-cooled chillers work, it’s important to know their main 
components: 

1. Compressor – The heart of the chiller; it compresses refrigerant gas and drives 
the entire cooling cycle. 
 

2. Evaporator – The heat exchanger where the process water loses heat to the 
refrigerant. 
 

3. Condenser – Another heat exchanger where the refrigerant releases heat to the 
cooling water. 
 

4. Expansion Valve – Controls refrigerant flow and reduces its pressure before 
entering the evaporator. 
 

5. Cooling Tower – Rejects heat from the condenser water to the atmosphere. 
 

Each part plays a crucial role in the chiller’s refrigeration cycle. 

The Working Principle of Water-Cooled Chillers 

The operation of  water-cooled chillers can be explained in a four-step cycle: 
Evaporation, Compression, Condensation, and Expansion. Let’s look at each phase in 
detail. 



1. Evaporation – The Cooling Phase 

The process begins at the evaporator, where warm water from the building or industrial 
process enters the chiller. Inside the evaporator, this water passes over tubes containing 
low-pressure liquid refrigerant. 

As the refrigerant absorbs heat from the water, it evaporates into a vapor. The now-
cooled water is circulated back into the building or process to maintain the desired 
temperature. 

Key Insight: 
 This stage is where the actual cooling takes place. Efficient heat transfer at this stage 
determines how well the entire system performs. 

2. Compression – The Power Stage 

Once the refrigerant turns into vapor, it enters the compressor, which increases its 
pressure and temperature. This is where screw chillers play a vital role. 

Screw chillers use rotary twin screws (male and female rotors) to compress the 
refrigerant smoothly and continuously. Unlike reciprocating compressors, screw 
compressors provide steady flow, high reliability, and lower noise levels — making them 
ideal for large-scale water-cooled systems. 

Why Screw Chillers Matter: 

● High efficiency at partial loads 
 

● Low vibration and sound levels 
 

● Suitable for both variable and constant load operations 
 

● Compact design for large cooling capacities 
 

Essentially, the compressor (often a screw type in water-cooled systems) provides the 
driving force for the refrigeration cycle. 

3. Condensation – The Heat Rejection Phase 

After compression, the high-pressure, high-temperature refrigerant vapor moves into 
the condenser. Here, it transfers heat to the cooling water circulating through the 
condenser tubes. 
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As the refrigerant releases its heat, it condenses back into a liquid. This heat-laden 
water is then pumped to a cooling tower, where the heat is released into the atmosphere 
through evaporation. 

Key Insight: 
 The condenser’s performance depends heavily on cooling tower efficiency and water 
quality. Clean water flow ensures smooth heat rejection and longer equipment life. 

4. Expansion – The Reset Stage 

The high-pressure liquid refrigerant from the condenser then passes through an 
expansion valve. This valve reduces the refrigerant’s pressure and temperature before 
it re-enters the evaporator. 

Once back in the evaporator, the refrigerant is ready to absorb heat again — and the 
cycle repeats continuously. 

The Role of Cooling Towers in Water-Cooled Systems 

A cooling tower is essential in water-cooled chillers’ system because it removes the 
heat absorbed by the condenser water. The warm water from the condenser enters the 
tower, where it is sprayed over fill media and exposed to ambient air. As part of the 
water evaporates, the remaining water cools down and is recirculated back to the chiller 
condenser. 

This process significantly boosts the overall cooling efficiency compared to air-cooled 
chillers, which rely solely on fans and ambient air for heat rejection. 

Why Choose Water-Cooled Screw Chillers? 

When it comes to selecting the right chiller configuration, water-cooled screw chillers 
strike a balance between performance, energy efficiency, and cost-effectiveness. They 
are particularly suited for: 

● Medium to large industrial and commercial buildings 
 

● Continuous operation under varying load conditions 
 

● Applications that demand stable cooling with minimal downtime 
 

Some benefits include: 
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● Higher coefficient of performance (COP) 
 

● Longer operational life 
 

● Reduced noise and vibration 
 

● Compact design for easier installation 
 

Modern chillers manufacturers like Climaveneta India integrate intelligent controls, 
inverter-driven compressors, and eco-friendly refrigerants to maximize performance 
and reduce energy consumption. 

Maintenance and Efficiency Tips 

To ensure your water-cooled chillers operate at peak efficiency, regular maintenance 
is essential: 

● Clean condenser tubes to avoid scaling. 
 

● Check water treatment systems to prevent corrosion. 
 

● Monitor refrigerant levels and system pressures. 
 

● Inspect the performance of screw compressors periodically. 
 

● Ensure cooling tower fans and drift eliminators are clean and functional. 
 

A proactive maintenance approach can extend equipment life, reduce operational costs, 
and prevent unplanned downtime. 

Conclusion 

Water-cooled chillers remain one of the most efficient and dependable cooling solutions 
for large-scale applications. Their working principle — combining evaporation, 
compression, condensation, and expansion — delivers precise and continuous cooling 
performance. The integration of screw chillers further enhances efficiency, stability, and 
reliability, especially under variable loads. 

https://in.climaveneta.com/en


For organizations seeking sustainable and high-performance cooling systems, water-
cooled screw chillers from trusted manufacturers like Climaveneta India offer an ideal 
combination of technology, durability, and efficiency — ensuring your operations remain 
cool, consistent, and cost-effective year after year. 

 


