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UNIT - 3 

Refrigeration and Air - Conditioning  

 

“Science of providing and maintaining temperatures below that of surroundings” 
 

  I n t r o d u c t i o n  t o  R e f r i g e r a t i o n  

 

The term „refrigeration‟ may be defined as the process of removing heat from a substance  under 

controlled conditions. It also includes the process of reducing & maintaining the temperature of a body 

below the general temperature of its surroundings. In other words, the refrigeration means a continued 

extraction of heat from a body whose temperature is already below the temperature of its surroundings. 

Or 

Refrigeration essentially means continued abstraction of heat from a substance (perishable foods, 

drinks and medicines etc.) at low temperature level and then transfers this heat to another system at high 

potential of temperature. 

       Refrigeration is generally produced in one of the following ways: 

i. By melting of a solid 

ii. By sublimation of a solid & 

iii. By evaporation of a liquid. 

  The refigeration system is known to the man since the middle of nineteenth century. The 

scientists, of the time, developed a few stray m/c to achieve some pleasure. But it paved the way by invitiing 

the attention of scientists for proper studues & research. They were able to build a reasonably reliable m/c by 

the end of nineteenth century for refrigeration jobs. But the advent of rotary compressor & gas turbines, the 

science of refrigeration reached the present height. Today it is used for the manufacture of ice & similar 

product. It is also widely used for the cooling of storage chambers in which perishable foods, drinks & 

medicines are stored. The refrigeration has also wide application in submarines ships, aircraft & rockets. 

In air refrigeration, the air is used as a refrigerant. In olden days, air was widely used in commercial 

applications because of its availability at free of cost. Since air does not change its phase i.e. remains gaseous 

throughout the cycle, therefore the heat carrying capacity per kg of air is very small as compared to vapour 

absorbing systems.  

The air-cycle refrigeration systems, as originally designed and installed, are now practically obsolete 

because of their low coefficient of performance and high power requirements; however, this system 

continues to be favoured for air refrigeration because of the low weight and volume of the equipment. 

The basic elements of an air cycle refrigeration system are as follows: 

 

1. Evaporator 

2. Compressor 

3. Condender 

4. Expansion valve

  I n t r o d u c t i o n  t o  A i r -  C o n d i t i o n i n g  

 

The air conditioning is that branch of engineering science which deals with the study of conditioning of air 

i.e. supplying and maintaining desirable internal atmospheric condition for human comfort, irrespective of 
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external condition. This subject, in its broad sense, also deals with the conditioning of air for industrial 

purpose, food processing, storage of food and other materials. 

Air conditioning refers to the simultaneous control of temperature, humidity, cleanliness and air motion 

within a confined region or space. 

The basic elements of an Air-Conditioning system are as follows: 

 

1. Circulation fan 

2. Compressor 

3. Condenser 

4. Dryer 

5. Evaporator 

6. Supply Duct 

7. Supply outlet 

8. Return outlet 

9. Filters 

 

  R a t i n g  o f  R e f r i g e r a t i o n  M a c h i n e  

The practical of refrigeration is expressed in terms of ‘tonne of refrigeration’ (briefly written as TR). A 

tonne of refrigeration is defined as the amount of refrigeration effect produced by the uniform melting of 

one tonne (l000 kg) of ice from and, at 0°C in 24 hours.  

Since the latent heat of ice is 335 kJ/kg, therefore 

one tonne of refrigeration, 

1 TR = 1000 x 335 kJ in 24 hour 

  = (100 x 335) / (24 x 60) 

= 232.6 kJ/ min 

In actual practice, one tonne of refrigeration is 

taken as equivalent to 210 kJ/ min or 3.5 kW (i.e. 

3.5 kJ/ s) 

One tonne (1000 kg) of ice requires 335 kJ/ kg 

to melt when this is accomplished in 24 hours, it is 

known as a heat transfer rate of 1 tonne of 

refrigeration (1TR). 

 

 
  Coefficient of Performance of a Refrigerator  

The coefficient of performance (briefly written as C.O.P.) is the ratio of heat extracted in the 

refrigerator to the work done on the refrigerant. It is also known as theoretical coefficient of 

performance. Mathematically, 

Theoretical  

Where, 

Q = Amount of heat extracted in the refrigerator (or the amount of refrigeration produced or the capacity 

of a refrigerator) 

W = Amount of work done 
 

      Notes: 

1. For per unit mass,  

2. The coefficient of performance is the reciprocal of the efficiency (i.e. 1/  ) of a heat engine. It is 

thus obvious, that the value of C.O.P is always greater than unity. 

3. The ratio of the actual C.O.P to the theoretical C.O.P. is known as relative coefficient of 

performance.    Mathematically, 
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Relative C.O.P =  

 

  Difference between a Heat Engine, Refrigerator and Heat Pump  

 

Heat Engine 

In heat engine the heat supplied to the engine is converted into useful work. If 

Q2 is the heat supplied to the engine and Q1 is the heat rejected from the engine, the net 

work done by the engine is given by: 

WE = Q2 - Q1 
The performance of a heat engine is expressed by its efficiency. We know that the 

efficiency or coefficient of performance of an engine, 
 

ηE or (C.O.P)E = WE / QE = work done / heat supplied = Q2 – Q1 / Q2 
 

 

 

 

T1 >Ta where Ta is actual temp.. 

Refrigerator 

Refrigerator is a reversed heat engine which either cool or maintain the 

temperature of a body (T1) lower than the atmospheric temperature (Ta). This is done 

by extracting the Heat from a cold body and delivering it to a hot body (Q2).  In doing 

so, work WR is required to be done on the system. According to First law of 

thermodynamics, 

WR = Q2 – Q1 

The performance of a refrigerator is expressed by the ratio of amount of heat 

taken from the cold body (Q1) to the amount of work required to be done on the system 

(WR). This ratio is called coefficient of performance. Mathematically, coefficient of 

performance of a refrigerator, 

ηR or (C.O.P)R = Q1  / WR = Q1/ Q2 – Q1 
 

 

            T1 < Ta 

Heat Pump 

A refrigerator used for cooling in summer can be used as a heat pump for 

heating in winter. In the similar way, as discussed for refrigerator, we have 

Wp = Q2 – Q1 

The performance of a heat pump is expressed by the ratio of the amount of the 

heat delivered to the hot body (Q2) to the amount of work required to be done on the 

system (Wp). This ratio is called coefficient of performance or energy performance ratio 

(E.P.R.) of a heat pump. Mathematically, coefficient of performance or energy 

performance ratio of a heat pump, 

(C.O.P)P or (E.R.P) = Q2  / WP = Q2/ Q2 – Q1 = Q1/ Q2 – Q1 + 1= (C.O.P)R + 1 

 

From above we see that the C.O.P. may be less than one or greater than one 

depending on the type of refrigeration system used. But the C.O.P. of a heat pump is 

always greater than one. 
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Applications of Refrigeration:  
Air-conditioning which was once considered as luxury has now become a necessity in our day to day life. 

The air-conditioning has applications in diverse fields such as: 

1. Residential and office buildings 

2. Hospitals, cinema halls and departmental stores 

3. Libraries, museums, computer centers and research laboratories 

4. Transport vehicles: 

a). Cars, buses and rail coaches 

b). Aircrafts, space shuttles and rockets 

c). Submarines 

5. Printing, textile and photographic products 

6. Food and process industries 

7. Production shop laboratories, manufacture of materials and precision devices 
 

Applications of Air-Conditioning: 
1. Domestic refrigeration 

2. Commercial refrigeration 

3. Industrial refrigeration 

4. Transport refrigeration 
 

Relation b/w Refrigeration & Air-Conditioning: 

 

 
 

 

 

Functioning of Air-Conditioning: 

 

 
 



(B.M.E)                     Brown Hill  College of Engg. & Tech.  

 

Notes Also Avail. On sachinchaturvedi.wordpress.com                   5 

V a p o u r  C o m p r e s s i o n  R e f r i g e r a t i o n  
A Vapour compression refrigeration system is an improved type of air refrigeration system in which a 

suitable working substance termed as refrigerant, is used. It condenses & evaporates at temperature & pressure 

close to atmospheric conditions. The refrigerant usually, used for this purpose are ammonia (NH3), CO2 & SO2 . 

The refrigerant used, does not leave the system, but is circulated throughout the system alternately condensing & 

evaporating, the refrigeerant absorbs its latent heat from the brine i.e. salt water (it has a low freezing temp..) 

which is used for circulating it around the cold chamber. While condensing, it gives out its latent heat to the 

circulating water of the cooler. The Vapour compression refrigeration system is, therefore a latent heat pump, as 

it pumps its latent heat from the brine & delivers it to the cooler. 

Now days it is used for all purpose refrigeration in all areas. 

 

Refrigerant: The working fluids (refrigerants) used are NH3, CO2, Freons etc., and these fluids have the 

characteristic ability to change alternately between the vapour and liquid phases without leaving the plant. 

Mechanism of a simple vapour compression refrigeration system 

It consists of the following five essential parts: 

 

1. Compressor: the low pressure & temp.. Vapour refrigerant from evaporator is drawn into the compressor 

through the inlet or suction valve A, where it is compressed to a high pressure & temp.. . this high 

pressure & temp.. vapour refrigerant is discharged into the condenser through the delivery or discharged 

valve B. 

 

2. Condenser: the condenser or cooler consists of coils of pipe in which the pressure & temperature vapour 

refrigerant is cooled & condensed. The refrigerant, while passing through the condenser, gives up its 

latent heat to the surrounding condensing medium which is normally air or water. 

 

3. Receiver: the condensed liquid refrigerant from the condenser is stored in vessel known as receiver from 

where it is supplied to the evaporator through the expansion valve or refrigerant crt valve. 

 

4. Expansion valve: it is also called throttle valve or refrigerant crt valve. The function of the expansion 

valve is to allow the liquid refrigerant under high pressure & temp..to pass at a controlled rate after 

reducing its pressure & temp. Some of the liquid refrigerant evaporates as it passes through the expansion 

valve, but the greater portion is vaporized in the evaporator at the low pressure & temperature. 

 

5. Evaporator: an evaporator consists of coils of pope in which the liquid-vapour refrigerant at low 

pressure & temp.. is evaporated & changed into vapour refrigerant at low pressure & temperature. In 

evaporating, the liquid vapour refrigerant absorbs its latent heat of vaporization from the medium (air, 

water or brine) which is to cooled. 

 

Working Method: The alternate condensation and evaporation takes place at temperature and pressure close to 

atmospheric conditions, during evaporation, the liquid refrigerant absorbs its latent heat from the space/product 

to be cooled and changes from the liquid to gaseous state. The vapour is next compressed (raised in temperature 

and pressure) and subsequently condensed. While condensing, the vapour liquefies by rejecting heat to an 

external system (typically available cooling water or cooling air). As such, this refrigeration system may be 

likened to a latent heat pump that pumps heat from the space being refrigerated to either water or air in the 

condenser. The system is called vapour compression as it is the compression of refrigerant that permits pumping 

of heat. 

 



(B.M.E)                     Brown Hill  College of Engg. & Tech.  

 

Notes Also Avail. On sachinchaturvedi.wordpress.com                   6 

 
 

 

Working Process in a vapour compression Refrigeration:  

Process 1-2: The refrigerant as a mixture of liquid and vapour corresponding to state point 1 enters the 

compressor where isentropic compression takes place. The compression process increases the temperature of 

refrigerant from lower limit T2 to the upper limit Tl. Work is supplied to the system and after compression, the 

vapour is wet or saturated but not superheated. 

 

Process 2-3: The refrigerant in the form of vapour enters the condenser at state 2 and heat is rejected at constant 

pressure and temperature. At exit from the condenser, the refrigerant becomes saturated liquid at state point 3. 

 

Process 3-4: The refrigerant at state point 3 enters the expansion cylinder expands isentropic ally and its 

temperature drops to lower temperature T2 at the end of the expansion process. Work is obtained during the 

expansion process. 

 

Process 4-1: The liquid refrigerant at point 4 enters the evaporator and extracts heat at constant pressure and 

temperature from the space or substance being cooled and thus produces refrigerating effect. 
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The cycle consists of two isothermals and two adiabatic and obviously is a reversible cycle. From the 

temperature-entropy plot, 

Heat absorbed (refrigerating effect) during evaporation process (4 - 1) 

Q2 = T2 x w 

Heat rejected during condensation process (2 - 3) 

Ql = Tl x ds 

Work input „W‟ = heat rejected - heat absorbed = (T1 - T2) ds 

 
 

 Vapour Compression Refrigeration Cycle: 

 

 
 

Fig. shows the schematic arrangement, P-V and T-5 diagram of a simple vapour-compression refrigeration 

cycle. 

The system constitutes a number of flow processes carried out in separate components namely 

compressor, condenser, expansion valve or capillary tube and evaporator. The working medium is always a 

liquid gas, i.e., CO2, NH3 and Freon etc. Liquid gas is a fluid which at normal temperature may exist either 

as a liquid or as a gas depending upon pressure. The refrigerant is not allowed to leave the system but is 

circulated again and again, alternately condensing and evaporating. 

The sequence of operation of the cycle is: 

 

1. Reversible adiabatic compression (1-2): The vapour at a low pressure P1 temperature Tl and 

preferably dry (state 1) is drawn from the evaporator during suction stroke of the compressor. During 

compression, the vapour is compressed isentropic ally to a higher pressure P2 and temperature T2. At 

compressor exit, the vapour may be wet, dry or superheated. In addition to raising the pressure of 

vapour, the compressor creates the pressure difference between the evaporator and condenser and 

that maintains a continuous flow of refrigerant through the system. 

The compressor is of rotary type for domestic refrigerators and of reciprocating type for large 

plants and machines, viz., ice plants and cold storages. For plants with capacity over 50 tons, 
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centrifugal compressors are used and these are directly coupled with high speed gas turbines or 

electrical controls. 

 

2. Constant pressure condensation (2-3): The vapour refrigerant at high temperature and pressure 

(state 2) coming from the compressor is delivered to the condenser where its condensation takes 

place at constant pressure. The condenser first absorbs the heat of superheat and the temperature of 

the vapour falls to saturation temperature. Subsequently the refrigerant loses its latent heat and is 

changed into a high pressure liquid (state 3). For small machines (i.e. domestic refrigerators), the 

cooling medium is atmosphere and for larger units it may be a stream of water. 

 

3. Throttling (3-4): The expansion of the high pressure liquid refrigerant is done by the throttling 

process. During throttling pressure drops but the enthalpy remains constant. Due to drop in pressure, 

the liquid starts boiling and the required heat is provided by the refrigerant itself. Consequently the 

temperature falls and at throttle exit, the refrigerant is a mixture of liquid and vapour (very wet 

vapour of 10 to 20% quality). Throttling is an irreversible process and has been shown by dotted line 

on T-S plot. The throttling device may be a capillary tube, a thermostatic expansion valve, an 

automatic expansion valve and float valve etc. 

 

4. Constant pressure evaporation (4-1): The wet vapour after throttling passes through evaporator 

coils placed in the medium (usually brine) which is to be cooled. Since the temperature of the vapour 

is below that of brine, it absorbs latent heat from the brine and gets evaporated at constant pressure. 

The vaporization continues upto state point 1 and this stage of the refrigerant depends upon the heat 

absorbed. The refrigerant may remain wet, become dry saturated or get slightly superheated. 

 

To complete the refrigerant cycle, the refrigerant vapour from the evaporator is routed back into the 

compressor. The components of the refrigeration system are connected by pipes such as Suction line that 

conveys the low pressure vapour from the evaporator to the suction inlet of the compressor. Discharge line 

(or hot gas line) that delivers the high pressure, high temperature refrigerant from the compressor to the 

condenser. 

Liquid line that carries the liquid refrigerant from the receiver tank to the expansion/ throttle valve. The 

receiver tank installed between the condenser and expansion device provides storage for the condensed 

liquid so that a constant supply of liquid is assured to the evaporator as per requirement. 

 

  Ps y c h ro me tr y  
 

Introduction: The psychrometry is a branch of engineering science, which deals with the study of moist air 

i.e. dry air mixed with water vapour or humidity. It also includes the study of behavior of dry air and water 

vapour mixture under various sets of conditions. 

Though the earth's atmosphere is a mixture of gases including nitrogen (N2), oxygen (02), argon (Ar) 

and carbon dioxide (C02), yet for the purpose of psychrometry, it is considered to be a mixture of dry air and 

water vapour only. 

 

Psychrometric Terms: Though there are many Psychrometric terms, yet the following are important from 

the subject point of view: 

 

1. Dry Air: The pure dry air is a mixture of a number of gases such as nitrogen, oxygen, carbon dioxide, 

hydrogen, argon, neon, helium etc. But the nitrogen and oxygen have the major portion of the 

combination. 

 

2. Moist air: It is a mixture of dry air and water vapour. The amount of water vapour, present in the air, 

depends upon the absolute pressure and temperature of the mixture. 
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3. Saturated air: It is a mixture of dry air and water vapour, when the air has diffused the maximum 

amount of water vapour into it. The water vapours, usually, occur in the form of superheated steam as an 

invisible gas. However, when the saturated air is cooled, the water vapour in the air starts condensing, 

and the same may be visible in the form of moist, fog or condensation on cold surfaces. 

 

4. Degree of saturation: It is the ratio of actual mass of water vapour in a unit mass of dry air to the mass 

of water vapour in the same mass of dry air when it is saturated at the same temperature.  

 

5. Humidity: It is the mass of water vapour present in 1 kg of dry air, and is generally expressed in terms 

of gram per kg of dry air (g / kg of dry air). It is also called specific humidity or humidity ratio. 

 

6. Absolute humidity: It is the mass of water vapour present in 1 m
3
 of dry air, and is generally expressed 

in terms of gram per cubic-meter of dry air (g/m
3
 of dry air). It is also expressed in terms of grains per 

cubic meter of dry air. 

 

7. Relative humidity: It is the ratio of actual mass of water vapour in a given volume of moist air to the 

mass of water vapour in the same volume of saturated air at the same temperature and pressure. It is 

briefly written as RH. 

 

8. Dry bulb temperature: It is the temperature of air recorded by a thermometer, when it is not affected by 

the moisture present in the air. The dry bulb temperature (briefly written as DBT) is generally denoted 

by td or tdb. 

 

9. Wet bulb temperature: It is the temperature of air recorded by a thermometer, when its bulb is 

surrounded by a wet cloth exposed to the air. Such a thermometer is called wet bulb thermometer. The 

wet bulb temperature (briefly written as WBT) is generally denoted by tw or twb. 

 

10. Wet bulb depression: It is the difference between dry bulb temperature and wet bulb temperature at any 

point. The wet bulb depression indicates relative humidity of the air. 

 

11. Dew Point Temperature: It is the temperature of air recorded by a thermometer, when the moisture 

(water vapour) present in it begins to condense. In other words, the dew point temperature is the 

saturation temperature (tsat) corresponding to the partial pressure of water vapour (P). It is, usually, 

denoted by tdp. 

 

12. Dew point depression: It is the difference between the dry bulb temperature and dew point temperature 

of air. 

 

 Dalton's Law of Partial Pressures: 

It states, "The total pressure exerted by the mixture of air and water vapour is equal to the sum of the 

pressures, which each constituent would exert, if it occupied the same space by itself". 

In other words, the total pressure exerted by air and water vapour mixture is equal to the barometric 

pressure.  

Mathematically, barometric pressure of the mixture,  

Pb = Pa+Pv 

Where Pa = Partial pressure of dry air, and 

Pv = Partial pressure of water vapour. 
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Psychrometric Relation: 
1. Specific humidity, humidity ratio or moisture content: 

It is the mass of water vapour present in 1 kg of dry air (in the air-vapour mixture) and is generally 

expressed in g/kg of dry air. It may also be defined as the ratio of mass of water vapour to the mass of 

dry air in a given volume of the air-vapour mixture. 

Let 
  
And 

          

 

 

Assuming that the dry air and water vapour behave as perfect gases, we have for dry air, 

 

 
And for water vapour 

 
Also     

  

 

 

From equation (1) and (2), we have 

 

 
 

Substituting Ra = 0.287 kJ/kg K for dry air and Rv = 0.461 kJ/kg K for water vapour in the above 

equation, we have 

 
For Saturated air (i.e. when the air is holding maximum amount of water vapour), the humidity ratio 

or maximum specific humidity, 

 

. 

2. Degree of saturation or percentage humidity: 

We have already discussed that the degree of saturation is the ratio of actual mass of water vapour in 

a unit mass of dry air to the mass of water vapour in the same mass of dry air when it is saturated at the 

same temperature (dry bulb temperature). In other words, it may be defined as the ratio of actual specific 

humidity to the specific humidity of saturated air at the same dry bulb temperature. It is, usually, denoted 

by µ. 

 

 
Notes: 

a). The partial pressure of saturated air (Ps) is obtained from the steam tables corresponding to dry bulb 

temperature  

b). If the relative humidity,   is equal to zero, then the humidity ratio, W = 0, i.e. for dry air, µ = 0. 
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c). If the relative humidity,   is equal to 1, then W = Ws and µ = 1 Thus µ varies between 0 and 1. 

 

3. Relative humidity: 

We have already discussed that the relative humidity is the ratio of actual mass of water vapour (m) 

in a given volume of moist air to the mass of water vapour (m) in the same volume of saturated air at the 

same temperature and pressure. It is usually denoted by . 

        

Let 

 
And 

 
We know that for water vapour in actual condition, 

 
Similarly, for water vapour in saturated air, 

 
According to the definitions 

 
 

                               

 

Also,       

 

From equation (1) and (2), we have 

 
Thus, the relative humidity may also be defined as the ratio of actual partial pressure of water 

vapour in moist air at a given temperature (dry bulb temperature) to the saturation pressure of water 

vapour (or partial pressure of water vapour in saturated air) at the same temperature. 

The relative humidity may also be obtained as discussed below: 

We know that degree of saturation, 

 

 
 

 

 

Note: For saturated air, the relative humidity is 100%. 

 

4. Pressure of water vapour: According to Carrier's equation, the partial pressure of water vapour: 
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Where 

 

 

 

 
 

5. Vapour density or absolute humidity: We have already discussed that the vapour density or absolute 

humidity is the mass of water vapour present in 1 m3 of dry air. 

Let  

 
 

                          

 

                          

                             

 

                          

 

We know that mass of water vapour, 

                ……………………………….. (1) 

And mass of dry air, 

              …………...................... (2) 

Dividing equation (1) by equation (2), 

 
Since  

                                          …………………..……………. (3) 

We know that                             

Since and  = 1 kg, therefore substituting these values in the above expression, we get 

 
Substituting the value of equation (3), we have 

  
Where 

 

 

 
 

 Psychrometric Chart 
It is a graphical representation of the various thermodynamic properties of moist air. The 

Psychrometric chart is very useful for finding out the properties of air (which are required in the field of 

air conditioning) and eliminate lot of calculations. There is a slight variation in the charts prepared by 

different air-conditioning manufactures but basically they are all alike. The Psychrometric chart is 

normally drawn for standard atmospheric pressure of 760 mm of Hg (or 1.01325 bar). 

In a Psychometric chart, dry bulb temperature is taken as abscissa and specific humidity i.e. moisture 

contents as ordinate, as shown in Fig. Now the saturation curve is drawn by plotting the various 

saturation points at corresponding dry bulb temperatures. The saturation curve represents 100% relative 

humidity at various dry bulb temperatures. It also represents the wet bulb and dew point temperatures. 
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Though the Psychrometric chart has a number of details, yet the following lines are important from the 

subject point of view: 
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1. Dry bulb temperature line: The dry bulb 

temperature lines are vertical i.e. parallel to 

the ordinate and uniformly spaced. Generally 

the temperature range of these lines on 

Psychrometric chart is from - 6° e to 45° C. 

The dry bulb temperature lines are drawn 

with difference of every 5°C and up to the 

saturation curve as shown in the figure. The 

values of dry bulb temperatures are also 

shown on the saturation curve. 

 

2. Specific humidity or moisture content 

lines: The specific humidity (moisture 

content) lines are horizontal i.e. parallel to 

the abscissa and are also uniformly spaced as 

shown in Fig. Generally, moisture content 

range of these lines on Psychrometric chart is 

from 0 to 30 g / kg of dry air (or from 0 to 

0.030 kg / kg of dry air). The moisture 

content lines are drawn with a difference of 

every 1 g (or 0.001 kg) and up to the 

saturation curve as shown in the figure. 

 

3. Dew Point Temperature line: The dew 

point temperature lines are horizontal i.e. 

parallel to the abscissa and are also non-

uniformly spaced as shown in Fig. At any 

point on the saturation curve, the dry bulb 

and dew point temperatures are equal. 

4. Wet bulb temperature lines: The wet bulb 

temperature lines are inclined straight lines 

and non-uniformly spaced as shown in Fig. 

16.10. At any point on the saturation curve, 

the dry bulb and wet bulb temperatures are 

equal. The values of wet bulb temperatures 

are generally given along the saturation 

curve of the chart as shown in the figure. 
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5. Enthalpy (total heat) lines: The enthalpy 

(or total heat) lines are inclined straight lines 

and uniformly spaced as shown in Fig. 16.11. 

These lines are parallel to the wet bulb 

temperature lines, and are drawn up to the 

saturation curve. Some of these lines 

coincide with the wet bulb temperature lines 

also. The values of total enthalpy are given 

on a scale above the saturation curve as 

shown in the figure. 

 

6. Specific volume lines: The specific volume 

lines are obliquely inclined straight lines and 

uniformly spaced as shown in Fig. 16.12. 

These lines are drawn up to the saturation 

curve. The values of volume lines are 

generally given at the base of the chart. 
 

7. Vapour pressure lines: The vapour pressure 

lines are horizontal and uniformly spaced. 

Generally, the vapour pressure lines are not 

drawn in the main chart. But a scale showing 

vapour pressure in mm of Hg is given on the 

extreme left side of the chart as shown in 

Fig. 

 

8. Relative humidity lines: The relative 

humidity lines are curved lines and follow 

the saturation curve. Generally, these lines 

are drawn with values 10%, 20%, 30% etc. 

and upto 100%. The saturation curve 

represents 100% relative humidity. The 

values of relative humidity lines are 

generally given along the lines themselves as 

shown in Fig. 

 
 

 

 

  Hu ma n  C o mf o r t  
Introduction: The human comfort depends upon physiological and psychological conditions. Thus it is 

difficult to define the term 'human comfort'. There are many definitions given for this term by different bodies. 

But the most accepted definition, from the subject point of view, is given by the American Society of Heating, 

Refrigeration and Air Conditioning Engineers (ASHRAE) which states:  

“Human comfort is that condition of mind, which 

expresses satisfaction with the thermal environment” 
 
Thermal Exchanges of Body with Environment: 

The human body works best at a certain temperature, like any other machine, but it cannot tolerate wide 

range of variations in their environmental temperatures like machines. The human body maintains its thermal 
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equilibrium with the environment by means of three modes of heat transfer i.e. evaporation, radiation and 

convection. 

The way in which the individual's body maintains itself in comfortable equilibrium will be by its 

automatic use of one or more of the three modes of heat transfer. A human body feels comfortable when the heat 

produced by metabolism of human body is equal to the sum of the heat dissipated to the surroundings and the 

heat stored in human body by raising the temperature of body tissues. This phenomenon may be represented by 

the following equation: 

 
W h e r e :   

 

 

 

 

 

 

 

It may be noted that:  

1. The metabolic heat produced (QM) depends upon the rate of food energy consumption in the body. A 

fasting, weak or sick man will have less metabolic heat production. 

 

2 .  The heat loss by evaporation is always positive. It depends upon the vapour pressure difference between 

the skin surface and the surrounding air. The heat loss of evaporation (QE) is given by 

 
W h e r e :  

 

 
 F o r  n o r m a l  m a n  

 

 

 

 
The value of QE is never negative as when Ps is less than Pv the skin will not absorb moisture from the 

surrounding air as it is in saturated state. The only way for equalizing the pressure difference is by increasing Ps 

to Pv by rise of skin temperature from the sensible heat flow from air to skin. 

 

 Factors Affecting Human Comfort: 

In designing winter or summer air conditioning system, the designer should be well conversant with a 

number of factors which physiologically affect human comfort. The important factors are as follows: 

 

1. Effective temperature 

2. Heat production and regulation in human body 

3. Heat and moisture losses from the human body 

4. Moisture content of air 

5. Quality and quantity of air 

6. Air motion 

7. Hot and cold surfaces 

8 .  Air stratification. 
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  Factors Affecting Optimum Effective Temperature: 
 

1. Climatic and seasonal differences: It is a known fact that the people living in colder climates feel 

comfortable at lower effective temperatures than those living in warmer regions. There is a relationship 
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between the optimum indoor effective temperature and the optimum outdoor temperature, which changes 

with seasons. 

 

2. Clothing: It is another important factor which affects the optimum effective temperature. It may be noted 

that the person with light clothings need less optimum temperature than a person with heavy clothings. 

 

3. Age and Sex: We have already discussed that the women of all ages require higher effective temperature 

(about 0.5°C) than men. Similar is the case with young and old people. The children also need higher 

effective temperature than adults. Thus, the maternity halls are always kept at an effective temperature of 

2 to 3°C higher than the effective temperature used for adults. 

 

4. Duration of occupacy: It has been established that if the stay in a room is shorter (as in the case of 

persons going to banks), then higher effective temperature is required than that needed for long stay (as in 

the case of persons working in an office). 

 

5. Kind of activity: When the activity of the person is heavy such as people working in a factory, dancing 

hall, then low effective temperature is needed than for the people sitting in cinema hall or auditorium. 

 

6 .  Density of occupants: The effect of body radiant heat from person to person particularly in a densely 

occupied space like auditorium is large enough which require a slight lower effective temperature. 


