
AIM: Study of Household/Domestic Refrigerator 

DESCRIPTION: 

The household refrigerator works on vapour compression refrigeration cycle. The refrigerant vapour is 

compressed by means of compressor to a pressure at which temperature obtained at the end of 

compression will be more then atmosphere so that at this high temperature it will reject heat to 

atmosphere and will get condensed. The condensate is then allowed to pass through a capillary so that the 

pressure and temperatures and lowered. Capillary device acts as a throttling unit. At low pressure and 

temperature refrigerant is supplied to the evaporator where load is kept, it absorbs the heat and refrigerant 

get converted into gaseous phase and it is again supplied to compressor and cycle is repeated. 

 
Fig.1 Simple Vapour Compression Cycle 

The evaporator in the household refrigerant is always fitted in the cabinet of the refrigerator at the top 

potion and the concealed type of evaporator used. The condenser is mounted at the back of the cabinet. 

The expansion device used in household refrigerator is capillary tube. Capacity of household refrigerator 

is expressed in terms of litre. The refrigerators manufactured by various manufactures are available in 

capacities ranging from 90 litres to 380 litres. (The capacity of household refrigerator is expressed in 

terms of litre, it is defined as the amount of water occupied in the cabinet. It specifies the space available 

for keeping various commodities in refrigerator.) 

 
Fig.2 Schematic diag. of Refrigerating Parts 



In the household refrigerator the air circulation inside the cabinet is maintained by natural convection. 

The temperature in freezer is around - 5 to -10
0
C, the temperature is increased at the bottom most portion 

where vegetable crisper is kept. Also there is provision for keeping stuff like eggs, water, etc. fitted in the 

door of refrigerator.  

The refrigerator body is insulated with insulating materials like PUF (Polyainthene foam). Magnetic 

strips are provided to avoid thermal leakage through doors. 

 

ATTAINMENTS OF FREEZING AND DEFROSTING IN REFRIGERATOR: 

Freezing and Defrosting done by two ways: 

1. Thermostat 

2. Defrosting Unit 

1. Thermostat: Thermostat is used to control the temperature in the refrigerator by varying time to idle 

time ratio. The bulb of the thermostat is clamped to the evaporator or freezer. The thermostat bulb is 

charged with few drops of refrigerant. The temperature at which compressor motor starts, by closing the 

thermostat contacts is called cut-in temperature. Cut-out temperature is higher then cut-in temperature 

and the difference between the two is called differential. Higher is the differential, longer is the running 

time and less is the idle time of refrigerator. By changing range adjustment and differential, any cut-in 

and cut-out temperature can be adjusted for maintaining desired temperature in the refrigerator. 

P1 = Thermostatic Elements Pressure 

P2 = Evaporator Pressure 

P3 = Pressure Equivalent of the Superheat Spring Force 

 
Fig.3 Thermostatic Expansion Valve 

As the temperature of the bulb increases, gas pressure in the bellow assembly increases, and this closes 

the compressor motor circuit and refrigerator starts. As the compressor runs, the thermostat bulb is 

cooled; gradually reducing the pressure in the bulb and this opens the circuit when desired temperature is 

attained. The refrigerator is provided with a control knob. By operating knob desired temperature can be 

maintained. 

 

2. Defrosting: The freezing of moisture on evaporator coil is called as frosting. The frost thickness 

increases due to frequent door openings, as the frost thickness increases the heat transfer through the coil 



decreases. This increases the running time of refrigerator and hence the power consumption. Therefore 

regular defrosting must be done when frost thickness increases above certain limit. Generally following 

methods are used for defrosting. 

i) Defrosting by stopping unit: 

Stop the unit, keep door open and chill tray must be kept in defrost position till defrosting takes place. 

ii) Timer Defrosting: 

The most popular defrost system used in household refrigerator is clock timer defrost cycle. The number 

of defrost periods varies from one to four in 24 hours depending upon timer used. The timer contacts 

initiate either the defrost cycle or cooling cycle. When the timer is in the cooling cycle, the thermostat 

control the on-off periods of the compressor. When the timer is in the defrost cycle. The thermostat 

cannot turn the compressor ON. In other words, thermostat has no control on the compressor when the 

defrost timer is in the defrost position. The defrost cycle terminates approximately 20 minutes after being 

turned on. The defrost heater is wired in series with a bimetal thermostat whose contacts will open at 

some predetermined temperature, there by disconnecting the heater. The length and time it takes for the 

contacts of the bimetal thermostat to open is determined by the amount of frost on the evaporator. 

 

 

DO AND DON’T – WHILE USING REFRIGERATOR: 

1. The refrigerator should be placed away from the heat source such as sunrays, heating appliance, 

cooking gas, etc. 

2. Install the refrigerator away from wall at least by one foot which provides good air circulation over 

condenser. 

3. Hot fluids should not be kept in refrigerator.  

4. Keep door openings at minimum. 

5. Strongly flavored food must be kept wrapped. 

6. Vegetables, fruits should be kept in polythene bags before placing into the refrigerator. 

7. Clean with soft cloth. No soap, detergent should be used. 

IN HOLIDAYS: 

1. Remove every stored item including ice trays. 

2. Defrost refrigerator. 

3. Make refrigerator dry. 

4. Disconnect three-pin plug. 

5. Leave the door slightly open for movement of fresh air. 

CONCLUSION: 

 The domestic refrigerators now a day are becoming essential part of life. These refrigerators are 

available in different capacities as well as different working models. These are having single door 

double door options, frost free refrigerators; quick chill refrigerators are also available.  

 To make the refrigerators smart now a day the condensers are sealed and refrigerators are mode flat 

back. 

 The compressors used in household refrigerator are hermetically sealed reciprocating units.  

 Now a days noise free rotary hermetically seals compressors are also used. 

 The refrigerant R-12 which was popularly used in household refrigerators is discarded due to its 

ODP (ozone depletion potential). It is replaced by R-134(a). 

 

 

 

 

 

 

 

 

 



AIM: To study different controls used in refrigeration and air conditioning equipments for better  

performance. 

 

DESCRIPTION: 

For efficient and safe working of refrigeration and air conditioning systems different control  devices are 

used these are listed as below. 

1. Flow control devices. 

2. Safety devices. 

3. Air conditioning controls. 

1. Flow Control devices: The major devices under this category air the expansion devices. The purpose 

of the expansion devices is two fold : it must reduce the pressure of the liquid refrigerant, and it must 

regulate the flow of refrigerant to the Evaporator.  

An expansion device offers a resistance to flow so that the pressure drops resulting in a throttling 

process. Basically there are two types of expansion devices these are: 

1. Variable restriction type 

2. Constant restriction type 

In the variable restriction type the extent of opening or area of flow keeps on changing depending on the 

type of control. There are two common types of such control devices viz, 

a) Thermostatic expansion valve. 

b) Automatic expansion valve. 

a. Thermostatic Expansion value (TEV): 

The name may give an impression that it is a temperature control device. It is not a temperature control 

device and it cannot be adjusted and used to vary evaporator temperature. Actually TEV is a throttling 

device which works automatically maintaining proper and correct liquid flow as per the dictates of the 

load on the evaporator. Because of automatic operation, high efficiency and ability to prevent liquid 

flood backs this value is extensively used. 

P1 = Thermostatic Elements Pressure 

P2 = Evaporator Pressure 

P3 = Pressure Equivalent of the Superheat Spring Force 

   
Fig.1 Thermostatic Expansion Valve 

The functions of thermostatic expansion value are: 

1. To reduce the pressure of the liquid from the condenser pressure to evaporator pressure. 

2. To keep the evaporator fully active. 

3. To modulate the flow of liquid to the evaporator according to the load requirement of the evaporator so 

as to prevent flood back of liquid refrigerant to the compressor. 

4. Pressure P1 in the power element acts to open the valve i.e. to move the value needle away from its 

seat. 



5. The evaporator pressure P2 acts an the bottom side of the diaphragm of the power element tending to 

close the value. 

6. Pressure P3 of the superheat spring also assist in the closing action. Therefore if the power element 

pressure P1 is greater then the constrained pressure of P2 and P3, the value will open. It does last two 

functions by maintaining a constant superheat of the refrigerant at the outlet of the evaporator it would be 

more appropriate to call it a “constant superheat valve”. The important parts of the valve are power 

element with feeler bulb, value seat, needle and a superheat adjustment spring. The power element is 

charged with a refrigerant. 

The operation of the valve i.e. the closing and opening of the value is controlled by there basic forces. 

The force balance is shown in fig. 

 
Fig.2 Automatic Expansion Valve 

AEV is also called as constant pressure expansion value. As name implies it maintains a constant 

pressure in the evaporator. It works on the same principle as the pressure reducing valves used in 

compressed air lines, oxyacetylene cylinders etc. A schematic diagram of the constant pressure 

Expansion valve is shown in fig. 

The valve consists of seat and needle- which forms the orifice, a metallic diaphragm or bellow, spring 

and an adjusting screw. The spring pressure and the atmospheric pressure acts on top of the diaphragm, 

thereby moving the needle a way from it seat that is moving the needle valve in the opening direction. 

The evaporator pressure acts below the diaphragm moving the needle valve towards the closing position. 

Thus the evaporator pressure and spring pressure oppose each other and whichever is greater will 

determine the position of the needle with respect to the seat. 

When the plant is running the value maintain an evaporator pressure in equilibrium with the spring 

pressure plus atmospheric pressure. The tension of the spring can be varied by the spring adjusting screw. 

The value operates automatically to maintain a constant evaporator pressure as per the setting of the 

spring pressure. By adjusting the tension of the spring, the evaporator pressure can be varied. 

Once a setting is made, the valve functions to maintain a constant evaporator pressure. Hence it is called 

the constant pressure expansion valve”. Once the plant stops, the evaporator pressure increases due to the 

vaporization of the liquid left in the evaporator. This increase in pressure acts on the diaphragm against 

the spring pressure and closes the valve tightly. It remains closed until the compressor start again and 

reduces the pressure in the evaporator. This is a big advantage. 

 

2. Constant Restriction Type: 

The capillary tube, a long tube with very small bore comes under constant restriction type expansion 

devices. The capillary tube is a fixed restriction type device. It is a long narrow tube connecting the 

condenser directly to the evaporator. The pressure drop through the capillary tube is due to the following 

reasons:  

1. Friction due to fluid viscosity, resulting in frictional pressure drop. 

2. Acceleration, due to the flashing of the liquid refrigerant into vapour resulting in momentum pressure 

drop. 

The mass flow through the capillary tube will, therefore be adjusted so that the pressure drop through the 

tube just equals the difference in pressure between the condenser and evaporator. For a given state of the 



refrigerant, the pressure drop is directly proportioned to the length and inversely proportional to the bore 

diameter of the tube. A number of combinations of length and bore are possible for a capillary tube to 

obtain the desired flow and pressure drop. However, once a capillary tube has been selected, it will be 

suitable only for the designed pressure drop and flow. It cannot satisfy the flow requirements with 

changing condenser and evaporator pressures. Even then it is most commonly used expansion device in 

small refrigeration units such as domestic refrigerators, window A/C, water coolers, etc.  

The advantages of a capillary tube are its quite working, simplicity, low cost and absence of any moving 

part. Also it is found most suitable with on-off control because of its unloading characteristics. Thus 

when compressor stops it allow high and low pressure to equalize, thereby enabling the compressor 

motor to restart on no load. Accordingly lower starting torque motors can be used. 

 

2.SAFETY DEVICES: 

1. High pressure and low pressure cut-out: 

Refrigerant compressors are provided with high pressure (HP) and low pressure (LP) cut outs. High 

pressure cut-out is merely a safety control. When the head pressure increases beyond a set point, the HP 

cutout cycles off the compressor in order to avoid the possible damage to the compressor. When the head 

pressure subsequently drops, the circuit is one again closed and the compressor starts. Because of the 

possibility of scale formation in condenser tubes and the failure of water supply high pressure cutout are 

essential in the system with water cooled condensers. These cutouts require manual setting. The low-

pressure cutout is used both as safety control as well as temperature control. The evaporator governs the 

suction pressure. A low-pressure cutout is  

actuated by change in suction pressure and can be indirectly used to control the evaporator temperature. 

3. Starting relays: 

The relays are generally used in hermetic type units. It allows the flow of electricity through the starting 

winding of the motor and disconnects the starting winding or starting capacitor from the circuit when the 

motor reaches 75% of its rated speed. 

There are two types starting relays. 

· Current relay 

· Voltage relay. 

01. Current relay: 

The current relay is used primarily with capacitor start induction motors for disconnecting the starting 

winding and starting capacitor from the circuit. It is a Magnetic type relay and actuated by the change of 

current flow in running winding during starting and running periods of motor. 

It consists of few turns of copper wire in which soft iron plunger is free to more up and down. This soft 

iron plunger is free to more up and down. This soft iron plunger may be called electronic net. It is 

connected in series with the running winding and the contact points, which are fitted near the 

electromagnet, are connected in series with the current relays with the starting winding. 

When the motor is energized, the current flow through the relay in the running winding. In the starting, 

the magnetic field produces around the relay and attracts the plunger to close the contact thus energizing 

the stating winding. The speed of the motor increases gradually and when it reaches 75% of its rated 

speed, the motor current and magnetic field of the relay decreases. Permitting the contact points to open. 

Then motor runs on running winding alone. 

2. Voltage Relay: 

The voltage relay is growing in popularity, especially in the larger units. Its operation depends on the 

increase in voltage as a unit approaches and reaches its rated speed. In construction, the voltage coil 

made of many turns of wire as compared with current coil which is made of few turns of heavy wire and 

is connected parallel with starting winding. A set of content points are connected in series with the 

starting capacitor and closed when the motor is at rest. When the supply is connected to the motor, the 

motor starts up and increases its speed then the voltage in the starting winding increases along the line 

voltage because of capacitor in service with this winding. The higher voltage creates more in magnetism 

in the relay coil, which attracts the plunger, the contact point opens and disconnect the starting capacitor 

from the circuit. 

 



Overload protector: The basic function is to protect the compressor motor winding from damage due to 

excessive current, in the event of overloading or due to some fault in the electric circuit. It consists of a 

bimetallic strip. During the normal working of the compressor, the contacts are closed. Whenever there is 

any abnormal behavior, the bimetallic strip gets heated and bands, thereby opening the motor contacts, 

and de-energizing it. The overload protector is fitted on the body of the compressor and operates due 

to the combined action of heat produced when current passes through the bimetallic strip and a heater 

element, and heat transferred from the compressor body. It may be noted that the abnormal behavior of 

compressor may be due to low voltage, high voltage, high load, low suction pressure, high suction & 

discharge pressure. 

 

Thermostat : A thermostat is used to control the temperature in the refrigeration. The bulb of the 

thermostat is clamped to the evaporator or Freezer. The thermostat bulb is charged with few drops of 

refrigerant. The thermostat can be set to maintain different temperature at a time. When the desired 

temperature is obtained, the bulb of the thermostat senses it; the liquid in it compresses and operates the 

bellows of the thermostat and open compressor 

motor contacts. The temperature at which motor stops is called cut-out temperature. When 

of the compressor motor. The temperature, at which compressor motor starts, is called cut- 

in temperature. A thermostat is very crucial in operation of refrigerator as the running time 

of compressor is reduced considerably thereby cutting the operation cost as well as enhancing the 

compressor life due to non-continuous working. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AIM : To study about psychrometry and psychrometric processes. 

 

Atmospheric air makes up the environment in almost every type of air conditioning system. Hence a 

thorough understanding of the properties of atmospheric air and the ability to analyze various processes 

involving air is fundamental to air conditioning design.  

Psychrometry is the study of the properties of mixtures of air and water vapour.  

Atmospheric air is a mixture of many gases plus water vapour and a number of pollutants. The amount of 

water vapour and pollutants vary from place to place. The concentration of water vapour and pollutants 

decrease with altitude, and above an altitude of about 10 km, atmospheric air consists of only dry air. The 

pollutants have to be filtered out before processing the air. Hence, what we process is essentially a 

mixture of various gases that constitute air and water vapour. This 

mixture is known as moist air. 

As mentioned before the air to be processed in air conditioning systems is a mixture of dry air and water 

vapour. While the composition of dry air is constant, the amount of water vapour present in the air may 

vary from zero to a maximum depending upon the temperature and pressure of the mixture (dry air + 

water vapour). 

At a given temperature and pressure the dry air can only hold a certain maximum amount of moisture. 

When the moisture content is maximum, then the air is known as saturated air, which is established by a 

neutral equilibrium between the moist air and the liquid or solid phases of water. 

For calculation purposes, the molecular weight of water vapour is taken as 18.015 and its gas constant is 

461.52 J/kg.K. 

 

Important psychrometric properties: 

 

Dry bulb temperature (DBT) is the temperature of the moist air as measured by a standard thermometer 

or other temperature measuring instruments. Saturated vapour pressure (psat) is the saturated partial 

pressure of water vapour at the dry bulb temperature. This is readily available in thermodynamic tables 

and charts. ASHRAE suggests the following regression equation for saturated vapour pressure of water, 

which is valid for 0 to 100
0
C. 

Relative humidity (Φ) is defined as the ratio of the mole fraction of water vapour in moist air to mole 

fraction of water vapour in saturated air at the same temperature and pressure. Using perfect gas equation 

we can show that: 

 
Relative humidity is normally expressed as a percentage. When Φ is 100 percent, the air is saturated. 

Humidity ratio (W): The humidity ratio (or specific humidity) W is the mass of water associated with 

each kilogram of dry air . Assuming both water vapour and dry air to be perfect gases , the humidity ratio 

is given by: 

 
Substituting the values of gas constants of water vapour and air Rv and Ra inthe above equation; the 

humidity ratio is given by: 

 
For a given barometric pressure pt, given the DBT, we can find the saturated vapour pressure psat from 

the thermodynamic property tables on steam. Then using the above equation, we can find the humidity 

ratio at saturated conditions, Wsat. It is to be noted that, W is a function of both total barometric pressure 

and vapor pressure of water. 



Dew-point temperature: If unsaturated moist air is cooled at constant pressure, then the temperature at 

which the moisture in the air begins to condense is known as dew-point temperature (DPT) of air. An 

approximate equation for dew-point temperature is given by: 

 
where Φ is the relative humidity (in fraction). DBT & DPT are in 

0
C. Of course, since from its definition, 

the dew point temperature is the saturation temperature corresponding to the vapour pressure of water 

vapour, it can be obtained from steam tables. 

Degree of saturation μ: The degree of saturation is the ratio of the humidity ratio W to the humidity ratio 

of a saturated mixture W
s 
at the same temperature and pressure, i.e.,  

 
Enthalpy: The enthalpy of moist air is the sum of the enthalpy of the dry air and the enthalpy of the water 

vapour. Enthalpy values are always based on some reference value. For moist air, the enthalpy of dry air 

is given a zero value at 0
o

C, and for water vapour the enthalpy of saturated water is taken as zero at 0
o

C.  

The enthalpy of moist air is given by:  

 
where c

p 
= specific heat of dry air at constant pressure, kJ/kg.K  

c
pw 

= specific heat of water vapor, kJ/kg.K  

t = Dry-bulb temperature of air-vapor mixture, 
o

C  

W = Humidity ratio, kg of water vapor/kg of dry air  

h
a 
= enthalpy of dry air at temperature t, kJ/kg  

h
g 
= enthalpy of water vapor3 at temperature t, kJ/kg  

h
fg 

= latent heat of vaporization at 0
o

C, kJ/kg 

The unit of h is kJ/kg of dry air. Substituting the approximate values of c
p 

and h
g
, we obtain: 

 
Specific volume: The specific volume is defined as the number of cubic meters of moist air per kilogram 

of dry air. From perfect gas equation since the volumes occupied by the individual substances are the 

same, the specific volume is also equal to the number of cubic meters of dry air per kilogram of dry air, 

i.e., 

 
Psychrometric chart  
A Psychrometric chart graphically represents the thermodynamic properties of moist air. Standard 

psychrometric charts are bounded by the dry-bulb temperature line (abscissa) and the vapour pressure or 

humidity ratio (ordinate). The Left Hand Side of the psychrometric chart is bounded by the saturation 

line. Figure 27.2 shows the schematic of a psychrometric chart. Psychrometric charts are readily 

available for standard barometric pressure of 101.325 kPa at sea level and for normal temperatures (0-

50
o

C). ASHRAE has also developed psychrometric charts for other temperatures and barometric 

pressures (for low temperatures: -40 to 10
o

C, high temperatures 10 to 120
o

C and very high temperatures 

100 to 120
o

C) 



 
Fig. Schematic of a psychrometric chart for a given barometric pressure  

Based on Gibbs’ phase rule, the thermodynamic state of moist air is uniquely fixed if the barometric 

pressure and two other independent properties are known. This means that at a given barometric pressure, 

the state of moist air can be determined by measuring any two independent properties. One of them could 

be the dry-bulb temperature (DBT), as the measurement of this temperature is fairly simple and accurate. 

The accurate measurement of other independent parameters such as humidity ratio is very difficult in 

practice. Since measurement of temperatures is easier, it would be convenient if the other independent 

parameter is also a temperature. Of course, this could be the dew-point temperature (DPT), but it is 

observed that accurate measurement of dew-point temperature is difficult. In this context, a new 

independent temperature parameter called the wet-bulb temperature (WBT) is defined. Compared to 

DPT, it is easier to measure the wet-bulb temperature of moist air. Thus knowing the dry-bulb and wet-

bulb temperatures from measurements, it is possible to find the other properties of moist air. 

Adiabatic saturation and thermodynamic wet bulb temperature:  
Adiabatic saturation temperature is defined as that temperature at which water, by evaporating into air, 

can bring the air to saturation at the same temperature adiabatically. An adiabatic saturator is a device 

using which one can measure theoretically the adiabatic saturation temperature of air.  

As shown in Fig., an adiabatic saturator is a device in which air flows through an infinitely long 

duct containing water. As the air comes in contact with water in the duct, there will be heat and mass 

transfer between water and air. If the duct is infinitely long, then at the exit, there would exist perfect 

equilibrium between air and water at steady state. Air at the exit would be fully saturated and its 

temperature is equal to that of water temperature. The device is adiabatic as the walls of the chamber are 

thermally insulated. In order to continue the process, make-up water has to be provided to compensate 

for the amount of water evaporated into the air. The temperature of the make-up water is controlled so 

that it is the same as that in the duct. 



                                              
Fig. Process of Adiabatic Saturation of Air 

After the adiabatic saturator has achieved a steady-state condition, the temperature indicated by 

the thermometer immersed in the water is the thermodynamic wet-bulb temperature. The thermodynamic 

wet bulb temperature will be less than the entering air DBT but greater than the dew point temperature. 

 
Wet-Bulb Thermometer:  

In practice, it is not convenient to measure the wet-bulb temperature using an adiabatic saturator. 

In stead, a thermometer with a wetted wick is used to measure the wet bulb temperature as shown in 

Fig.27.6. It can be observed that since the area of the wet bulb is finite, the state of air at the exit of the 

wet bulb will not be saturated, in stead it will be point 2 on the straight line joining 1 and i, provided the 

temperature of water on the wet bulb is i. It has been shown by Carrier, that this is a valid assumption for 

air-water mixtures. Hence for air-water mixtures, one can assume that the temperature measured by the 

wet-bulb thermometer is equal to the thermodynamic wet-bulb temperature4. For other gas-vapor 

mixtures, there can be appreciable difference between the thermodynamic and actual wet-bulb 

temperatures. 



 
Fig. Schematic of a wet-bulb thermometer and the process on psychrometric chart 

 

Psychrometer:  

Any instrument capable of measuring the psychrometric state of air is called a psychrometer. As 

mentioned before, in order to measure the psychrometric state of air, it is required to measure three 

independent parameters. Generally two of these are the barometric pressure and air dry-bulb temperature 

as they can be measured easily and with good accuracy.  

Two types of psychrometers are commonly used. Each comprises of two thermometers with the bulb of 

one covered by a moist wick. The two sensing bulbs are separated and shaded from each other so that the 

radiation heat transfer between them becomes negligible. Radiation shields may have to be used over the 

bulbs if the surrounding temperatures are considerably different from the air temperature.  

The sling psychrometer is widely used for measurements involving room air or other applications 

where the air velocity inside the room is small. The sling psychrometer consists of two thermometers 

mounted side by side and fitted in a frame with a handle for whirling the device through air. The required 

air circulation (≈ 3 to 5 m/s) over the sensing bulbs is obtained by whirling the psychrometer (≈ 300 

RPM). Readings are taken when both the thermometers show steady-state readings.  

In the aspirated psychrometer, the thermometers remain stationary, and a small fan, blower or 

syringe moves the air across the thermometer bulbs.  

The function of the wick on the wet-bulb thermometer is to provide a thin film of water on the sensing 

bulb. To prevent errors, there should be a continuous film of water on the wick. The wicks made of 

cotton or cloth should be replaced frequently, and only distilled water should be used for wetting it. The 

wick should extend beyond the bulb by 1 or 2 cms to minimize the heat conduction effects along the 

stem. 

Important psychrometric processes:  

Sensible cooling:  

During this process, the moisture content of air remains constant but its temperature decreases as it flows 

over a cooling coil. For moisture content to remain constant, the surface of the cooling coil should be dry 

and its surface temperature should be greater than the dew point temperature of air. If the cooling coil is 

100% effective, then the exit temperature of air will be equal to the coil temperature. However, in 

practice, the exit air temperature will be higher than the cooling coil temperature. Figure shows the 

sensible cooling process O-A on a psychrometric chart. The heat transfer rate during this process is given 

by:  



 
Fig. Sensible cooling (Process O-A) 

Sensible heating: 

During this process, the moisture content of air remains constant and its temperature increases as 

it flows over a heating coil. The heat transfer rate during this process is given by: 

 
where c 

pm
is the humid specific heat (≈1.0216 kJ/kg dry air) and m

a 
is the mass flow rate of dry 

air (kg/s). Figure 28.2 shows the sensible heating process on a psychrometric chart. 

 
Fig. Sensible Heating (Process O-B): 

 

Cooling and dehumidification: 

When moist air is cooled below its dew-point by bringing it in contact with a cold surface as shown in 

Fig., some of the water vapor in the air condenses and leaves the air stream as liquid, as a result both the 

temperature and humidity ratio of air decreases as shown. This is the process air undergoes in a typical 

air conditioning system. Although the actual process path will vary depending upon the type of cold 

surface, the surface temperature, and flow conditions, for simplicity the process line is assumed to be a 

straight line. The heat and mass transfer rates can be expressed in terms of the initial and final conditions 

by applying the conservation of mass and conservation of energy equations as given below:  

By applying mass balance for the water: 

 



 
Fig. Cooling and Dehumidification (Process O-C) 

Heating and Humidification:  

During winter it is essential to heat and humidify the room air for comfort. As shown in Fig., this is 

normally done by first sensibly heating the air and then adding water vapour to the air stream through 

steam nozzles as shown in the figure. 

 
Fig. Heating and Humidification 

Heating coil Steam nozzles  
Mass balance of water vapor for the control volume yields the rate at which steam has to be added, i.e.,  

 
where m 

a
is the mass flow rate of dry air.  

From energy balance:  

 
where Q 

h
is the heat supplied through the heating coil and h

w 
is the enthalpy of steam. 

Cooling & humidification  
As the name implies, during this process, the air temperature drops and its humidity increases. This 

process is shown in Fig.28.6. As shown in the figure, this can be achieved by spraying cool water in the 

air stream. The temperature of water should be lower than the dry-bulb temperature of air but higher than 

its dew-point temperature to avoid condensation (T
DPT 

< T
w 

< T
O
). 



 
Fig. Cooling and Humidification 

It can be seen that during this process there is sensible heat transfer from air to water and latent heat 

transfer from water to air. Hence, the total heat transfer depends upon the water temperature. If the 

temperature of the water sprayed is equal to the wet-bulb temperature of air, then the net transfer rate will 

be zero as the sensible heat transfer from air to water will be equal to latent heat transfer from water to 

air. If the water temperature is greater than WBT, then there will be a net heat transfer from water to air. 

If the water temperature is less than WBT, then the net heat transfer will be from air to water. 

Heating and de-humidification:  
This process can be achieved by using a hygroscopic material, which absorbs or adsorbs the water vapor 

from the moisture. If this process is thermally isolated, then the enthalpy of air remains constant, as a 

result the temperature of air increases as its moisture content decreases as shown in Fig. This hygroscopic 

material can be a solid or a liquid. In general, the absorption of water by the hygroscopic material is an 

exothermic reaction, as a result heat is released during this process, which is transferred to air and the 

enthalpy of air increases. 

 
Fig. Heating and de-humidification(Chemical De-humidification) 

 

Mixing of air streams:  

Mixing of air streams at different states is commonly encountered in many processes, including in air 

conditioning. Depending upon the state of the individual streams, the mixing process can take place with 

or without condensation of moisture.  

i) Without condensation: Figure 28.8 shows an adiabatic mixing of two moist air streams during which 

no condensation of moisture takes place. As shown in the figure, when two air streams at state points 1 

and 2 mix, the resulting mixture condition 3 can be obtained from mass and energy balance.  

From the mass balance of dry air and water vapor:  

 
From energy balance:  



 
From the above equations, it can be observed that the final enthalpy and humidity ratio of mixture are 

weighted averages of inlet enthalpies and humidity ratios. A generally valid approximation is that the 

final temperature of the mixture is the  

weighted average of the inlet temperatures. With this approximation, the point on the psychrometric chart 

representing the mixture lies on a straight line connecting the two inlet states. Hence, the ratio of 

distances on the line, i.e., (1-3)/(2-3) is equal to the ratio of flow rates m
a,2

/m
a,1

. The resulting error (due 

to the assumption that the humid specific heats being constant) is usually less than 1 percent. 

 

 



AIM : Study of Vapour Absorption Refrigeration system. 

 

Introduction: Vapour Absorption Refrigeration Systems (VARS) belong to the class of vapour 

cycles similar to vapour compression refrigeration systems. However, unlike vapour compression 

refrigeration systems, the required input to absorption systems is in the form of heat. Hence these 

systems are also called as heat operated or thermal energy driven systems. Since conventional 

absorption systems use liquids for absorption of refrigerant, these are also sometimes called as 

wet absorption systems. Similar to vapour compression refrigeration systems, vapour absorption 

refrigeration systems have also been commercialized and are widely used in various refrigeration 

and air conditioning applications. 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.  

Basic principle  

When a solute such as lithium bromide salt is dissolved in a solvent such as water, the boiling 

point of the solvent (water) is elevated. On the other hand, if the temperature of the solution 

(solvent + solute) is held constant, then the effect of dissolving the solute is to reduce the vapour 

pressure of the solvent below that of the saturation pressure of pure solvent at that temperature. If 

the solute itself has some vapour pressure (i.e., volatile solute) then the total pressure exerted over 

the solution is the sum total of the partial pressures of solute and solvent. If the solute is non-

volatile (e.g. lithium bromide salt) or if the boiling point difference between the solution and 

solvent is large (≥ 300
o

C), then the total pressure exerted over the solution will be almost equal to 

the vapour pressure of the solvent only. In the simplest absorption refrigeration system, 

refrigeration is obtained by connecting two vessels, with one vessel containing pure solvent and 

the other containing a solution. Since the pressure is almost equal in both the vessels at 

equilibrium, the temperature of the solution will be higher than that of the pure solvent. This 

means that if the solution is at ambient temperature, then the pure solvent will be at a temperature 

lower than the ambient. Hence refrigeration effect is produced at the vessel containing pure 

solvent due to this temperature difference. The solvent evaporates due to heat transfer from the 

surroundings, flows to the vessel containing solution and is absorbed by the solution. This process 

is continued as long as the composition and temperature of the solution are maintained and liquid 

solvent is available in the container.  

Fig. shows an arrangement, which consists of two vessels A and B connected to each other 

through a connecting pipe and a valve. Vessel A is filled with pure water, while vessel B is filled 

with a solution containing on mass basis 50 percent of water and 50 percent lithium bromide 

(LiBr salt). Initially the valve connecting these two vessels is closed, and both vessels are at 

thermal equilibrium with the surroundings, which is at 30
o

C. At 30
o

C, the saturation pressure of 

water is 4.24 kPa, and the equilibrium vapour pressure of water-lithium bromide solution (50 : 50 

by mass) at 30
o

C is 1.22 kPa. 

Thus at initial equilibrium condition, the pressure in vessel A is 4.24 kPa, while it is 1.22 

kPa in vessel B. Now the valve between vessels A and B is opened. Initially due to pressure 

difference water vapour will flow from vessel A to vessel B, and this vapour will be absorbed by 

the solution in vessel B. Since absorption in this case is exothermic, heat will be released in vessel 

B. Now suppose by some means the concentration and temperature of vessel B are maintained 

constant at 50 % and 30
o

C, respectively. Then at equilibrium, the pressure in the entire system 

(vessels A and B) will be 1.22 kPa (equilibrium pressure of 50 % LiBr solution at 30
o

C). The 

temperature of water in vessel A will be the saturation temperature corresponding to 1.22 kPa, 

which is equal to about 10C, as shown in the figure. Since the water temperature in A is lower 

than the surroundings, a refrigeration effect (Q) can produced by transferring heat from the 



surroundings to water at 10
o

e

o

C. Due to this heat transfer, water vaporizes in A, flows to B and is 

absorbed by the solution in B. The exothermic heat of absorption (Q
a
) is rejected to the 

surroundings.  

 

 
Fig. Basic Principle of Vapour Absorption systems 

Now for the above process to continue there should always be pure water in vessel A, and 

vessel B must be maintained always at 50 percent concentration and 30
o

C. This is not possible in 

a closed system such as the one shown in Fig.. In a closed system with finite sized reservoirs, 

gradually the amount of water in A decreases and the solution in B becomes diluted with water. 

As a result, the system pressure and temperature of water in A increase with time. Hence the 

refrigeration effect at A reduces gradually due to the reduced temperature difference between the 

surroundings and water. Thus refrigeration produced by systems using only two vessels is 

intermittent in nature. In these systems, after a period, the refrigeration process has to be stopped 

and both the vessels A and B have to be brought back to their original condition. This requires 

removal of water absorbed in B and adding it back to vessel A in liquid form, i.e., a process of 

regeneration as shown in Fig. C (Regeneration) 

As far as the condenser, expansion valve and evaporators are concerned both compression and 

absorption systems are identical. However, the difference lies in the way the refrigerant is 

compressed to condenser pressure. In vapour compression refrigeration systems the vapour is 

compressed mechanically using the compressor, where as in absorption system the vapour is first 

converted into a liquid and then the liquid is pumped to condenser pressure using the solution 

pump. Since for the same pressure difference, work input required to pump a liquid (solution) is 

much less than the work required for compressing a vapour due to very small specific volume of 

liquid , the mechanical energy required to operate vapour absorption refrigeration system is much 

less than that required to operate a compression system. However, the absorption system requires 

a relatively large amount of low-grade thermal energy at generator temperature to generate 



refrigerant vapour from the solution in generator. Thus while the energy input is in the form of 

mechanical energy in vapour compression refrigeration systems, it is mainly in the form of 

thermal energy in case of absorption systems. The solution pump work is often negligible 

compared to the generator heat input. Thus the COPs for compression and absorption systems are 

given by: 

 
Thus absorption systems are advantageous where a large quantity of low-grade thermal energy is 

available freely at required temperature. However, it will be seen that for the refrigeration and 

heat rejection temperatures, the COP of vapour compression refrigeration system will be much 

higher than the COP of an absorption system as a high grade mechanical energy is used in the 

former, while a low-grade thermal energy is used in the latter. However, comparing these systems 

based on COPs is not fully justified, as mechanical energy is more expensive than thermal energy. 

Hence, sometimes the second law (or exergetic) efficiency is used to compare different 

refrigeration systems. It is seen that the second law (or exergetic) efficiency of absorption system 

is of the same order as that of a compression system. 

Refrigerant-absorbent combinations for VARS  

The desirable properties of refrigerant-absorbent mixtures for VARS are:  

i. The refrigerant should exhibit high solubility with solution in the absorber. This is to say that it 

should exhibit negative deviation from Raoult’s law at absorber.  

ii. There should be large difference in the boiling points of refrigerant and absorbent (greater than 

200
o

C), so that only refrigerant is boiled-off in the generator. This ensures that only pure 

refrigerant circulates through refrigerant circuit (condenser-expansion valve-evaporator) leading 

to isothermal heat transfer in evaporator and condenser. 

iii. It should exhibit small heat of mixing so that a high COP can be achieved. However, this 

requirement contradicts the first requirement. Hence, in practice a trade-off is required between 

solubility and heat of mixing.  

iv. The refrigerant-absorbent mixture should have high thermal conductivity and low viscosity for 

high performance.  

v. It should not undergo crystallization or solidification inside the system.  

vi. The mixture should be safe, chemically stable, non-corrosive, inexpensive and should be 

available easily. 

 

The most commonly used refrigerant-absorbent pairs in commercial systems are:  

1. Water-Lithium Bromide (H
2
O-LiBr) system for above 0

o

C applications such as air 

conditioning. Here water is the refrigerant and lithium bromide is the absorbent.  

2. Ammonia-Water (NH
3
-H

2
O) system for refrigeration applications with ammonia as 

refrigerant and water as absorbent. 

 

Vapour absorption refrigeration system based on ammonia-water is one of the oldest refrigeration 

systems. As mentioned earlier, in this system ammonia is used as refrigerant and water is used as 

absorbent. Since the boiling point temperature difference between ammonia and water is not very 

high, both ammonia and water are generated from the solution in the generator. Since presence of 

large amount of water in refrigerant circuit is detrimental to system performance, rectification of 

the generated vapour is carried out using a rectification column and a dephlegmator. Since 

ammonia is used as the refrigerant, these systems can be used for both refrigeration and air 



conditioning applications. They are available in very small (as pumpless systems) to large 

refrigeration capacities in applications ranging from domestic refrigerators to large cold storages. 

Since ammonia is not compatible with materials such as copper or brass, normally the entire 

system is fabricated out of steel. Another important difference between this system and water-

lithium bromide systems is in the operating pressures. While water-lithium bromide systems 

operate under very low (high vacuum) pressures, the ammonia-water system is operated at 

pressures much higher than atmospheric. As a result, problem of air leakage into the system is 

eliminated. Also this system does not suffer from the problem of crystallization encountered in 

water-lithium bromide systems. However, unlike water, ammonia is both toxic and flammable. 

Hence, these systems need safety precautions. 

 
Fig. Schematic of NH3-H2O based Vapour Absorption system 

 

Working principle: Figure shows the schematic of an ammonia-water absorption refrigeration 

system. Compared to water-lithium bromide systems, this system uses three additional 

components: a rectification column, a dephlegmator and a subcooling heat exchanger (Heat 

Exchanger-I). As mentioned before, the function of rectification column and dephlegmator is to 

reduce the concentration of water vapour at the exit of the generator. Without these the vapour 

leaving the generator may consist of five to ten percent of water. However, with rectification 

column and dephlegmator the concentration of water is reduced to less than one percent. The 

rectification column could be in the form of a packed bed or a spray column or a perforated plate 

column in which the vapour and solution exchange heat and mass. It is designed to provide a large 

residence time for the fluids so that high heat and mass transfer rates could be obtained. The 

subcooling heat exchanger, which is normally of counterflow type is used to increase the 

refrigeration effect and to ensure liquid entry into the refrigerant expansion valve.  

As shown in the figure, low temperature and low pressure vapour (almost pure ammonia) 

at state 14 leaves the evaporator, exchanges heat with the condensed liquid in Heat Exchanger-I 

and enters the absorber at state 1. This refrigerant is absorbed by the weak solution (weak in 

ammonia) coming from the solution expansion valve, state 8. The heat of absorption, Q
a 

is 



rejected to an external heat sink. Next the strong solution that is now rich in ammonia leaves the 

absorber at state 2 and is pumped by the solution pump to generator pressure, state 3. This high 

pressure solution is then pre-heated in the solution heat exchanger (heat exchanger-II) to state 4. 

The preheated solution at state 4 enters the generator and exchanges heat and mass with the hot 

vapour flowing out of the generator in the rectification column. In the generator, heat is supplied 

to the solution (Q
g
). As a result vapour of ammonia and water are generated in the generator. As 

mentioned, this hot vapour with five to ten percent of water exchanges heat and mass with the rich 

solution descending from the top. During this process, the temperature of the vapour and its water 

content are reduced. This vapour at state 5 then enters the dephlegmator, where most of the water 

vapour in the mixture is removed by cooling and condensation. Since this process is exothermic, 

heat (Q
d
) is rejected to an external heat sink in the dephlegmator. The resulting vapour at state 10, 

which is almost pure ammonia (mass fraction greater than 99 percent) then enters the condenser 

and is condensed by rejecting heat of condensation, Q
c 

to an external heat sink.. The condensed 

liquid at state 11 is subcooled to state 12 in the subcooling heat exchanger by rejecting heat to the 

low temperature, low pressure vapour coming from the evaporator. The subcooled, high pressure 

liquid is then throttled in the refrigerant expansion valve to state 13. The low temperature, low 

pressure and low quality refrigerant then enters the evaporator, extracts heat from the refrigerated 

space (Qe) and leaves the evaporator at state 14. From here it enters the subcooling heat exchanger 

to complete the refrigerant cycle. Now, the condensed water in the dephlegmator at state 9 flows 

down into the rectifying column along with rich solution and exchanges heat and mass with the 

vapour moving upwards. The hot solution that is now weak in refrigerant at state 6 flows into the 

solution heat exchanger where it is cooled to state 7 by preheating the rich solution. The weak, but 

high pressure solution at state 7 is then throttled in the solution expansion valve to state 8, from 

where it enters the absorber to complete its cycle.  

As far as various energy flows out of the system are concerned, heat is supplied to the 

system at generator and evaporator, heat rejection takes place at absorber, condenser and 

dephlegmator and a small amount of work is supplied to the solution pump. 

Principle of rectification column and dephlegmator: 

Figure shows the schematic of the rectification system consisting of the generator, rectifying 

column and dephlegmator. As shown in the figure, strong solution from absorber enters at the 

rectification column, vapour rich in ammonia leaves at the top of the dephlegmator and weak 

solution leaves from the bottom of the generator. A heating medium supplies the required heat 

input Q
g 
to the generator and heat Q

d 
is rejected to the cooling water in the dephlegmator. 



 
 

Figure shows the schematic of the generator with lower portion of the rectification column and the 

process that takes place in this column on temperature-composition diagram. As shown, in this 

column the ascending vapour generated in the generator and initially at a mass fraction of ξW
V
 is 

enriched in ammonia to 
ξ
S

V

  

 

as it exchanges heat and mass with the descending rich solution, 

which had an initial concentration of 
ξ
S

L
. During this process the solution becomes weak as 

ammonia is transferred from liquid to vapour and water is transferred from vapour to liquid. In the 

limit with infinite residence time, the vapour leaves at mass fraction 
ξ
S

V

 that is in equilibrium with 

the strong solution. It can also be seen that during this process, due to heat transfer from the hot 

vapour to the liquid, the solution entering the generator section is preheated. This is beneficial as 

it reduces the required heat input in the generator  The analysis is carried out in a manner similar 



to water-lithium bromide system, i.e., by applying steady flow mass and energy balance to each 

component. 

 Figure shows the principle of dephlegmator (or reflux condenser) in which the ascending 

vapour is further enriched. At the top of the dephlegmator, heat is removed from the vapour so 

that a part of the vapour condenses (reflux). This reflux that is cooler, exchanges heat with the 

hotter vapour ascending in the column. During this process water vapour is transferred from the 

vapour to the liquid and ammonia is transferred from liquid to the vapour as shown in Fig. 17.4. 

As a result the vapour leaves the rectification column in almost pure ammonia form with a 

concentration of ξ
V

. 

 
Fig. Principle of De-phlegmatic 

 

Compression systems Absorption systems 

Work operated  Heat operated  

High COP  Low COP (currently maximum ≈ 1.4) 

Performance (COP and capacity) very sensitive 

to evaporator temperatures  

Performance not very sensitive to evaporator 

temperatures  

System COP reduces considerably at part loads  COP does not reduce significantly with load  

Liquid at the exit of evaporator may damage 

compressor  

Presence of liquid at evaporator exit is not a 

serious problem  

Performance is sensitive to evaporator 

superheat  

Evaporator superheat is not very important  

 

Many moving parts  Very few moving parts  

Regular maintenance required  Very low maintenance required  

Higher noise and vibration  Less noise and vibration  

Small systems are compact and large systems 

are bulk 

Small systems are bulky and large systems are 

compact  

Economical when electricity is available 

 

Economical where low-cost fuels or waste heat 

is available 

 

 

 

 


