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ABSORPTION REFRIGERATION 



• Absorption refrigeration systems belong to the class of vapor 

cycles similar to vapor compression refrigeration systems. 

• However, unlike vapor compression refrigeration systems, the 

required input to absorption systems is in the form of heat.  

• Hence these systems are also called as heat operated. 

• Since these systems run on low-grade thermal energy, they are 

preferred when low-grade energy such as waste heat or solar 

energy is available.  

• Since conventional absorption systems use natural refrigerants 

such as water or ammonia they are environment friendly.  

Absorption Refrigeration 



Advantages 
• Natural, environmentally-friendly refrigerants (e.g. water, 

ammonia). 

• Minimal use of electric power (heat-operated). 

 

 

Disadvantages 
• Lower COP than vapor compression systems. 

• Physically larger equipment. 

• Higher capital cost. 

• Possibility of corrosion problems. 

Absorption Refrigeration 



Most commercially available absorption refrigeration systems 

use one of the two following refrigerant-absorbent pairs: 

 

• Water (refrigerant) + Lithium-Bromide/Water Solution 

(absorbent) 

 

• Ammonia (refrigerant) + Water/Ammonia Solution 

(absorbent) 

 

 

 

Commercial Absorption Refrigeration Systems 



• In the following example, we will consider an absorption 

system with water as the pure solvent and lithium 

bromide/water mixture as the solution. 

• Consider two vessels, Vessel A containing pure solvent 

(water) and Vessel B containing a 50% LiBr/Water solution. 

A B 

Basic Principles 



• Initially, the two vessels are disconnected and the 

temperature is the same in both vessels. 

• In this case, the vapor pressure of water in Vessel A is 

greater than in Vessel B.  

• This is a natural characteristic of the two substances. 

A B 

Basic Principles 



• If the two vessels are connected, and the vapor pressure of the 

LiBr/water solution needs to be maintained, the temperature of 

the pure solvent will have to drop. 

• If the solution is at ambient temperature, the pure solvent 

(water) will be at a temperature lower than the ambient.  

• Hence refrigeration effect is produced at Vessel A due to this 

temperature difference.  

Basic Principles 



• The pure solvent (water) absorbs heat from the surroundings, 

evaporates, flows to Vessel B, and is absorbed by the solution.  

• To maintain the temperature of Vessel B, heat must be rejected 

Basic Principles 



Pressure-Temperature-Concentration Diagram 

Concentration (x) is defined as: 
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• One the other hand, consider Vessel C containing a LiBr/water 

solution and Vessel D containing pure solvent (water). 

• Vessel C receives heat from an external source. 

• LiBr/water solution drives off some of the water vapor. 

• This water vapor passes to Vessel D. 

• In Vessel D, the water vapor is condensed at a lower temperature 

by rejecting heat. 

C D 

Basic Principles 



Absorption Refrigeration System 

• Low-pressure vapor from the evaporator is absorbed by the 

liquid solution in the absorber. 

• To maintain the absorber temperature, heat must be rejected. 

• The pump receives low-pressure liquid from absorber, 

elevates its pressure, and delivers it to the generator. 



Absorption Refrigeration System 

• In the generator, heat from a high-temperature source 

drives off the vapor that had been absorbed by solution. 

• The vapor enters the condenser while the liquid solution 

returns to the absorber through a throttling valve. 



The general definition of the coefficient of performance is: 

Coefficient of Performance 

Therefore, in the case of absorption refrigeration, the COP is: 

The power consumed by the pump is not included in the COP 

expression because it is too small compared to the heat input. 
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Calculation of Mass Flow Rates 

Compute the mass flow rate of refrigerant (water) through the 

condenser and evaporator in the cycle shown below if the pump 

delivers 0.6 kg/s and the following temperatures prevail: generator, 

100°C; condenser, 40°C; evaporator, 10°C; and absorber, 30°C. 

Example 



Calculation of Mass Flow Rates 



Enthalpy of LiBr-Water Solution 



Energy Balance 

For the absorption system shown, 

compute qg, qa, qc, qe, and the 

COP. 

Example 



Energy Balance 



Absorption Cycle with Heat Exchanger 



The simple cycle is modified by the insertion of a heat exchanger such 

that the temperature at Point 2 is 52°C. The mass flow rate delivered 

by the solution pump is 0.6 kg/s. What are the rates of energy transfer 

at each of the components and the COPabs of this cycle? 

Example 

Absorption Cycle with Heat Exchanger 



Absorption Cycle with Heat Exchanger 



Absorption Cycle with Heat Exchanger 



Absorption Cycle with Heat Exchanger 



Absorption Cycle with Heat Exchanger 



Single Effect Absorption Cycle 

Configuration of a Typical Commercial System 



Double Effect Absorption Cycle 

Configuration of a Typical Commercial System 



Performance Comparison 
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THERMAL DESALINATION 



29 

Multiple Effect Distillation (MED) 



30 

Multiple Effect Distillation with 

Thermal Vapor Compression (MED-TVC) 



31 

Solar MED (With Power Generation) 



32 

Solar MED (With Power Generation) 



33 

Solar MED (Without Power Generation) 
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Gain Output Ratio (GOR) 

𝐺𝑂𝑅 =  
𝑚 𝑑𝑖𝑠𝑡𝑖𝑙𝑙𝑎𝑡𝑒
𝑚 𝑠𝑡𝑒𝑎𝑚
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Gain Output Ratio (GOR) 

𝐺𝑂𝑅 =  
𝑚 𝑑𝑖𝑠𝑡𝑖𝑙𝑙𝑎𝑡𝑒
𝑚 𝑠𝑡𝑒𝑎𝑚

 


