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UNIT-IV Psychrometric 

Air-Conditioning: Air-conditioning is a process that simultaneously conditions air; distributes it combined 

with the outdoor air to the conditioned space; and at the same time controls and maintains the required 

spa e s te pe atu e, hu idit , ai  o e e t, ai  lea li ess, sou d le el, a d p essu e diffe e tial ithi  
predetermined limits for the health and comfort of the occupants, for product processing, or both.An air-

conditioning or HVAC&R system consists of components and equipment arranged in sequential order to 

heat or cool, humidify or dehumidify, clean and purify, attenuate objectionable equipment noise, transport 

the conditioned outdoor air and recirculation air to the conditioned space, and control and maintain an 

indoor or enclosed environment at optimum energy use. 

The types of buildings which the air-conditioning system serves can be classified as: 

 Institutional buildings, such as hospitals and nursing homes 

 Commercial buildings, such as offices, stores, and shopping centers 

 Residential buildings, including single-family and multifamily low-rise buildings of three or fewer stories 

above grade 

 Manufacturing buildings, which manufacture and store products 

 

Psychrometrics: Psychrometrics is the study of the thermodynamic properties of moist air. It is used 

extensively to illustrate and analyze the characteristics of various air conditioning processes and cycles. 

Psychrometric Properties & Psychrometric Relations 

 Moist Air: Above the surface of the earth is a layer of air called the atmosphere or atmosphericair. The 

lower atmosphere, or homosphere, is composed of moist air, that is, a mixture of dryair and water vapor. 

Psychrometrics is the science of studying the thermodynamic properties of moist air. It is widely 

used to illustrate and analyze the change in properties and the thermal characteristics of the air-

conditioning process and cycles. 

The composition of dry air varies slightly at different geographic locations and from time to time. 

The approximate composition of dry air by volume is nitrogen, 79.08%; oxygen, 20.95%; argon, 0.93%; 

carbon dioxide, 0.03%; other gases (e.g., neon, sulfur dioxide), 0.01%. The amount of water vapor 

contained in the moist air within the temperature range 0to 100 °F changes from 0.05 to 3% by mass. The 

variation of water vapor has a critical influence on the characteristics of moist air. 

The equation of state for an ideal gas that describes the relationship between its thermodynamic 

properties  

The most exact calculation of the thermodynamic properties of moist air is based on the 

formulations recommended by Hyland and Wexler (1983) of the U.S. National Bureau of Standards. The 

psychrometric charts and tables developed by ASHRAE are calculated and plotted from these formulations. 

According to Nelson et al. (1986), at a temperature between 0 and 100 °F, enthalpy and specific volume 

calculations using ideal gas Equations show a maximum deviation of 0.5% from the results of Hyland and 

We le s e a t fo ulatio s. The efo e, ideal gas e uatio s a e used i  the de elop e t a d al ulatio  of 
psychrometric formulations in this handbook. 
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Although air contaminants may seriously affect human health, they have little effect on the 

thermodynamic properties of moist air. For thermal analysis, moist air may be treated as a binary mixture 

of dry air and water vapour. 

Applying Dalto ’s la  to moist air: 

Dalto s la  is su a ized f o  the e pe i e tal esults a d is more accurate at low gas pressure. 

Dalto s la  a  also e e te ded, as the Gi s-Dalton law, to describe the relationship of internal energy, 

enthalpy, and entropy of the gaseous constituents in a mixture. 

Specific Humidity, Humidity Ratio (w) 

The humidity ratio of moist air w is the ratio of the mass of water vapour mv to the mass of dry air 

ma contained in the mixture of the moist air, in kg/kg of dry air. The humidity ratio can be calculated as  

Since dry air and water vapour can occupy the same volume at the same temperature, we can apply the 

ideal gas e uatio  a d Dalto s la  fo  d  ai  a d ate  apour. Equation of w can be rewritten as 

Relati e Hu idity φ : The relative humidity 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 

p essu e. It is de oted  φ. 

Thus, the relative humidity is also defined as the ratio of actual partial pressure of water vapour in a 

given volume of moist air to the partial pressure of water vapour in the same volume of saturated air at 

the same temperature. 

Degree of saturation or Percentage Humidity (µ): The degree of saturation is the ratio of the humidity 

ratio W to the humidity ratio of a saturated mixture Ws at the same temperature and pressure, i.e., 

Pressure of water vapour (pv) 

Dew-point temperature (DPT): 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. 

Specific volume or Vapour density or absolute humidity: 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., 

Enthalpy of moist air: 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 0C, and for water vapour the enthalpy of saturated water is 

taken as zero at 0 0C. 

The enthalpy of moist air is given by: 

h=ha + Whg = cptd +W(hfg + cpwtd) 

h = 1.022 td + W(hfgdp+2.3tdp) 
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 Ideal Adiabatic Saturation Process orThermodynamic Dry Bulb Temperature and Wet Bulb Temperature:

 If moist air at an initial temperature T1, humidity ratio w1, enthalpy h1, and pressure p flows over a 

water surface of infinite length in a well-insulated chamber, as shown in Fig., liquid water will evaporate 

into water vapour and will disperse in the air. The humidity ratio of the moist air will gradually increase 

until the air can absorb no more moisture. 

As there is no heat transfer between this insulated chamber and the surroundings, the latent heat 

required for the evaporation of water will come from the sensible heat released by the moist air. 

This process results in a drop in temperature of the moist air. At the end of this evaporation 

process, the moist air is always saturated. Such a process is called an ideal adiabatic saturation process, 

where an adiabatic process is defined as a process without heattransfer to or from the process. 

 

 

 

 

 

 

 

 

Fig.Ideal adiabatic saturation process 

Thermodynamic Wet-Bulb Temperature 

For any state of moist air, there exists a thermodynamic wet-bulb temperature T* that exactly equals the 

saturated temperature of the moist air at the end of the ideal adiabatic saturation process at constant 

pressure. Applying a steady flow energy equation, we have 

h1+ (ws* +w1)hw*= hs* 

Where, 

h1, hs* = enthalpy of moist air at initial state and enthalpy of saturated air at end of ideal adiabatic 

saturation process, Btu/ lb (kJ /kg) 

w1, ws* = humidity ratio of moist air at initial state and humidity ratio of saturated air at end of ideal 

adiabatic saturation process, lb / lb (kg /kg of dry air) 

hw* = enthalpy of water as it is added to chamber at a temperature T*, Btu/ lb (kJ /kg) 

The thermodynamic wet-bulb temperature T*, °F (°C), is a unique property of a given moist air 

sample that depends only on the initial properties of the moist air—w1, h1 and p. It is also a fictitious 

property that only hypothetically exists at the end of an ideal adiabatic saturation process. 
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Psychrometer: A psychrometer is an instrument that permits one to determine the relative humidity of a 

moist air sample by measuring its dry-bulb and wet-bulb temperatures. Figure shows a psychrometer, 

which consists of two thermometers. The sensing bulb of one of the thermometers is always kept dry. The 

temperature reading of the dry bulb is called the dry-bulb temperature. The sensing bulb of the other 

thermometer is wrapped with a piece of cotton wick, one end of which dips into a cup of distilled water. 

The surface of this bulb is always wet; therefore, the temperature that this bulb measures is called the 

wet-bulb temperature. The dry bulb is separated from the wet bulb by a radiation- shielding plate. Both 

dry and wet bulbs are cylindrical. 

Wet-Bulb Temperature: A sling-type psychrometer, as shown in Fig., is an instrument that determines the 

temperature, relative humidity, and thus the state of the moist air by measuring its dry bulb and wet bulb 

temperatures. It consists of two mercury-in-glass thermometers. The sensing bulb of one of them is dry 

and is called the dry bulb temperature. Another sensing bulb is wrapped with a piece of cotton wick, one 

end of which dips into a water tube. This wetted sensing bulb is called the wet bulb and the temperature 

measured by it is called the wet bulb temperature Tw and the difference between the dry-bulb and wet-

bulb temperatures is called the wet-bulb depression. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  A sling psychrometer
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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 thepsychrometric chart is bounded by the 

saturation line. Fig. 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-

500C). ASHRAE has also developed psychrometric charts for other temperatures and barometric pressures 

(for low temperatures: -40 to 100C, high temperatures 10 to 120 0C and very high temperatures 100 to 

1200C) 

Measurement of psychrometric properties 

Based o  Gi s  phase ule, the the od a i  state of oist ai  is u i uel  fi ed if the a o et i  
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. 

 

 

 

 

 

 

 

 

 

 

Fig. Psychrometric chart 
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 Psychrometric Processes: In the design and analysis of air conditioning plants, the fundamental 

requirement is to identify the various processes being performed on air. Once identified, the processes can 

be analyzed by applying the laws of conservation of mass and energy. All these processes can be plotted 

easily on a psychrometric chart. This is very useful for quick visualization and also for identifying the 

changes taking place in important properties such as temperature, humidity ratio, enthalpy etc. The 

important processes that air undergoes in a typical air conditioning plant are discussed below. 

Important Psychrometric processes: 

a) 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. 

 

 

 

 

 

 

 

 

Fig. Sensible cooling process O-A on psychrometric chart 

b) Sensible heating (Process O-B):During this process, the moisture content of air remains constant and its 

temperature increases as it flows over a heating coil. 

 

 

 

 

 

 

 

Fig.Sensible heating process O-B on psychrometric chart 
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c) Cooling and dehumidification (Process O-C):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 vapour 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. 

 

 

 

 

 

 

 

Fig. Cooling and dehumidification process (O-C) 

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. It can be observed that the 

cooling and de-humidification process involves both latent and sensible heat transfer processes. 

d) Heating and Humidification (Process O-D):During winter it is essential to heat and humidity 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 Fig. 

 

 

 

 

 

 

 

 

Fig. Heating and humidification process 

Since this process also involves simultaneous heat and mass transfer, we can define a sensible heat factor 

for the process in a way similar to that of a cooling and dehumidification process. 
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e) Cooling & humidification (Process O-E):As the name implies, during this process, the air temperature 

drops and its humidity increases. This process is shown in Fig. As shown in the figure, this can be achieved 

by spraying cool water in the air stream. 

 

 

 

 

 

 

 

Fig. Cooling and humidification process 

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

dew-point temperature to avoid condensation (TDPT< Tw< TO). 

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. Under a 

special case when the spray water is entirely recirculated and is neither heated nor cooled, the system is 

perfectly insulated and the make-up water is supplied at WBT, then at steady-state, the air undergoes an 

adiabatic saturation process, during which its WBT remains constant. This is the process of adiabatic. The 

process of cooling and humidification is encountered in a wide variety of devices such as evaporative 

coolers, cooling towers etc. 

f) Heating and de-humidification (Process O-F):This process can be achieved by using a hygroscopic 

material, which absorbs or adsorbs the water vapour 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 infigure. 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. 
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Fig. Chemical de-humidification process 

g) 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 shows an adiabatic mixing of two moist air streams during which 

nocondensation 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. 

 

 

 

 

 

 

 

Fig. Mixing of two air streams without condensation 

From the mass balance of dry air and water vapour: ma w +ma w = ma w  

From energy balance: ma h +ma h = ma h  

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 
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ma2/ma1. The resulting error (due to the assumption that the humid specific heats being constant) is usually 

less than 1 percent. 

ii) Mixing with condensation:As shown in figure, when very cold and dry air mixes with warm air at high 

relative humidity, the resulting mixture condition may lie in the two-phase region, as a result there will be 

condensation of water vapour and some amount of water will leave the system as liquid water. Due to this, 

the humidity ratio of the resulting mixture (point 3) will be less than that at point 4. Corresponding to this 

will be an increase in temperature of air due to the release of latent heat of condensation. This process 

rarely occurs in an air conditioning system, but this is the phenomenon which results in the formation of 

fog or frost (if themixture temperature is below 0 0C). This happens in winter when the cold air near the 

earth mixes with the humid and warm air, which develops towards the evening or after rains. 

 

 

 

 

 

Fig. Mixing of two air streams with condensation 

Air Washers: An air washer is a device for conditioning air. As shown in figure, in an air washer air comes in 

direct contact with a spray of water and there will be an exchange of heat and mass (water vapour) 

between air and water. The outlet condition of air depends upon the temperature of water sprayed in the 

air washer. Hence, by controlling the water temperature externally, it is possible to control the outlet 

conditions of air, which then can be used for air conditioning purposes. 

 

 

 

 

 

 

 

Fig. Air Washer 

 

In the air washer, the mean temperature of water droplets in contact with air decides the direction of heat 

and mass transfer. As a consequence of the 2nd law, the heat transfer between air and water droplets will 

be in the direction of decreasing temperature gradient. 

Similarly, the mass transfer will be in the direction of decreasing vapour pressure gradient. For example, 
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a) Cooling and dehumidification:tw<tDPT. Since the exit enthalpy of air is less than itsinlet value, from 

energy balance it can be shown that there is a transfer of total energy from air to water. Hence to continue 

the process, water has to be externally cooled. Here both latent and sensible heat transfers are from air to 

water. This is shown by Process O-A in figure. 

b) Adiabatic saturation:tw= tWBT. Here the sensible heat transfer from air to water isexactly equal to 

latent heat transfer from water to air. Hence, no external cooling or heating of water is required. That is 

this is a case of pure water recirculation. This is shown by Process O-B in figurethus the process that takes 

place in a perfectly insulated evaporative cooler. 

c) Cooling and humidification:tDPT<tw<tWBT. Here the sensible heat transfer is from airto water and 

latent heat transfer is from water to air, but the total heat transfer is from air to water, hence, water has to 

be cooled externally. This is shown by Process O-C in figure. 

d) Cooling and humidification:tWBT<tw<tDBT. Here the sensible heat transfer is from airto water and 

latent heat transfer is from water to air, but the total heat transfer is from water to air, hence, water has to 

be heated externally. This is shown by Process O-D in figure. This is the process that takes place in a cooling 

tower. The air stream extracts heat from the hot water coming from the condenser, and the cooled water 

is sent back to the condenser. 

 

 

 

 

 

 

 

Fig. Various psychrometric processes that can take place in an air washer 

e) Heating and humidification:tw>tDBT. Here both sensible and latent heat transfers arefrom water to 

air, hence, water has to be heated externally. This is shown by Process O-E in figure. 

Thus, it can be seen that an air washer works as a year-round air conditioningsystem. Though air washer is 

a and extremely useful simple device, it is not commonly used for comfort air conditioning applications due 

to concerns about health resulting from bacterial or fungal growth on the wetted surfaces. However, it can 

be used in industrial applications. 
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Comfort Conditions: Besides being aesthetically pleasing, the human environment must provide light, air, 

and thermal comfort. In addition, proper acoustics and hygiene are important. Air requirements and 

thermal comfort are covered in this chapter. Comfort is best defined as the absence of discomfort. People 

feel uncomfortable when they are too hot or too cold, or when the air is odorous and stale. Positive 

comfort conditions are those that do not distract by causing unpleasant sensations of temperature, drafts, 

humidity, or other aspects of the environment. Ideally, in a properly conditioned space, people should not 

be aware of equipment noise, heat, or air motion. 

The feeling of comfort or, more accurately, discomfort is based on a network of sense organs: the eyes, 

ears, nose, tactile sensors, heat sensors, and brain. Thermal comfort is that state of mind that is satisfied 

ith the the al e i o e t; it is thus the o ditio  of i i al sti ulatio  of the ski s heat se so s and 

of the heat-sensing portion of the brain. 

The environmental conditions conducive to thermal comfort are not absolute, but rather vary with 

the i di idual s eta olis , the atu e of the a ti it  e gaged i , a d the od s a ilit  to adjust to a 
wider or narrower range of ambient. 

For comfort and efficiency, the human body requires a fairly narrow range of environmental conditions 

compared with the full scope of those found in nature. The factors that affect humans pleasantly or 

adversely include: 

1. Temperature of the surrounding air 

2. Radiant temperatures of the surrounding surfaces 

3. Humidity of the air 

4. Air motion 

5. Odors 

6. Dust 

7. Aesthetics 

8. Acoustics 

9. Lighting 

 

Of these, the first four relate to thermal interactions between people and their immediate 

environment. In order to illustrate how thermal interactions affect human comfort, the explanation below 

describes the body temperature control mechanisms and how environmental conditions affect them. 

Heat vs. Temperature: The sense of touch tells whether objects are hot or cold, but it can be misleading in 

telling just how hot or cold they are. The sense of touch is influenced more by the rapidity with which 

objects conduct heat to or from the body than by the actual temperature of the objects. Thus, steel feels 

colder than wood at the same temperature because heat is conducted away from the fingers more quickly 

by steel than by wood. As another example, consider the act of removing a pan of biscuits from an oven. 

Our early childhood training would tell us to avoid touching the hot pan, but at the same time, we would 

have no trouble picking up the biscuits themselves. The pan and biscuits are at the same temperature, but 

the metal is a better conductor of heat and may burn us. As this example illustrates, the sensors on our 

skin are poor gauges of temperature, but rather are designed to sense the degree of heat flow. 
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Heat: By definition, heat is a form of energy that flows from a point at one temperature to another point at 

a lower temperature. There are two forms of heat of concern in planning for comfort: (1) sensible heat and 

(2) latent heat. The first is the one we usually have in mind when we speak of heat. 

Sensible Heat: Sensible heatis an expression of the degree of molecular excitation of a given mass.Such 

excitation can be caused by a variety of sources, such as exposure to radiation, friction between two 

objects, chemical reaction, or contact with a hotter object, When the temperature of a substance changes, 

it is the heat content of the object that is changing. Every material has a property called its specific heat, 

which identifies how much its temperature changes due to a given input of sensible heat. 

The three means of transferring sensible heat are radiation, convection, and conduction. All bodies 

emit thermal radiation. The net exchange of radiant heat between two bodies is a function of the 

difference in temperature between the two bodies. When radiationencounters a mass, one of three things 

happens: (1) the radiation continues its journey unaffected (in which case it is said to be transmitted), (2) it 

is deflected from its course (in which case it is said to be reflected), or (3) its journey comes to an end (and 

it is said to be absorbed). Usually, the response of radiation to a material is some combination of 

transmission, reflection, and absorption. The radiation characteristics of a material are determined by its 

temperature, emissivity (emitting characteristics), absorptivity, reflectivity, and transmissivity. Conduction 

is the process whereby molecular excitation spreads through a substance or from one substance to 

another by direct contact. Convection occurs in fluids and is the process of carrying heat stored in a 

particle of the fluid to another location where the heat can conduct away. 

Latent Heat: Heat that changes the state of matter from solid to liquid or liquid to gas is called latent heat. 

The latent heat of fusion is that which is needed to melt a solid object into a liquid. A property of the 

material, it is expressed per unit mass (per pound or per kilogram). The latent heat of vaporization is the 

heat required to change a liquid to a gas. When a gas liquefies (condenses) or when a liquid solidifies, it 

releases its latent heat. 

Enthalpy: Enthalpyis the sum of the sensible and latent heat of a substance. For example, the air in 

ourambient environment is actually a mixture of air and water vapour. If the total heat content or enthalpy 

of air is known, and the enthalpy of the desired comfort condition is also known, the difference between 

them is the enthalpy or heat that must be added (by heating and humidification) or removed (by cooling 

and dehumidification). 

Temperature: Temperature is a measure of the degree of heat intensity. Then temperature of a body is an 

expression of its molecular excitation. The temperature difference between two points indicates a 

potential for heat to move from the warmer to the colder point. The English system of units uses the 

Fahrenheit degree scale, while in SI units the Celsius degree scale is used. Note that temperature is a 

measure of heat intensity, whereas a Btu or joule is a measure of the amount of heat energy. 

 

 

 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 13 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Body Temperature Control: Human beings are essentially constant-temperature animals with a normal 

internal body temperature of about 98.6°F (37.0°C). Heat is produced in the body as a result of metabolic 

activity, so its production can be controlled, to some extent, by controlling metabolism. Given a set 

metabolic rate, however, the body must reject heat at the proper rate in order to maintain thermal 

equilibrium. If the internal temperature rises or falls beyond its normal range, mental and physical 

operation is curtailed, and if the temperature deviation is extreme, serious physiological disorders or even 

death can result. Sometimes the body s o  i u ologi al s ste  i itiates a od  te pe atu e ise i  
order to kill infections or viruses. The importance of maintaining a fairly precise internal temperature is 

illustrated in figure,which shows the consequences of deep-body temperature deviations. When body 

temperature falls, respiratory activity particularly in muscle tissue automatically increases and generates 

more heat. Shivering is the extreme manifestation of this form of body temperature control. An extremely 

sensitive portion of the brain called the hypothalamus constantly registers the temperature of the blood 

and seems to be stimulated by minute changes in blood temperature originating anywhere in the body 

(this could result from drinking a hot beverage or a change in skin surface temperature). The skin also has 

sensors that signal to the brain the level of heat gain or loss at the skin. 

It is the hypothalamus that appears to trigger the heat control mechanisms to either increase or 

decrease heat loss. This is accomplished by controlling the flow of blood to the skin by constricting or 

dilating the blood vessels within it. Since blood has high thermal conductivity, this is a very effective means 

of rapid thermal control of the body. By controlling peripheral blood flow, the body is able to (1) increase 

skin temperature to speed up elimination of body heat, (2) support sweating, or (3) reduce heat loss in the 

cold. When body temperature rises above normal, the blood vessels in the skin dilate, bringing more heat-

carrying blood to the surface. This results in a higher skin temperature and, consequently, increased heat 

loss. At the same time, sweat glands are stimulated, opening the pores of the skin to the passage of body 

fluids which evaporate on the surface of the skin and thereby cool the body. This evaporating perspiration 

is responsible for a great deal of heat loss. A minor amount of heat is also lost continuously by evaporation 

of water from the lungs and respiratory tracts. 

When body heat loss is high, people experience a feeling of lassitude and mental dullness brought 

about by the fact that an increased amount of the blood pumped by the heart goes directly from the heart 

to the skin and back to the heart, bypassing the brain and other organs. 
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Fig.Physiological reactions to body temperature 

A hot environment also increases strain on the heart, since it has to beat more rapidly to pump 

more blood to the periphery of the body. When the body loses more heat to a cold environment than it 

produces, it decreases heat loss by constricting the outer blood vessels, thereby reducing blood flow to the 

outer surface of the skin. This converts the skin surface to a layer of insulation between the interior of the 

body and the environment. It has about the same effect as putting on a light sweater. If the body is still 

losing too much heat, the control device increases heat production by calling for involuntary muscular 

activity or shivering. When heat loss is too great, the body tends to hunch up and undergo muscular 

tension, resulting in a strained posture and physical exhaustion if the condition persists for any length of 

time. Within limits, the body can acclimate itself to thermal environmental change. Such limits are not 

large, especially when the change is abrupt, such as when passing from indoors to outdoors. The slower 

seasonal changes are accommodated more easily. Changes in clothing assist the acclimatization. Whenever 

the body cannot adjust itself to the thermal environment, heat stroke or freezing to death is inevitable. 

The physiological interpretation of comfort is the achievement of thermal equilibrium at our 

normal body temperature with the minimum amount of bodily regulation. We feel uncomfortable when 

our body has to work too hard to maintain thermal equilibrium. Under conditions of comfort, heat 

production equals heat loss without any action necessary by the heat control mechanisms. When the 

comfort condition exists, the mind is alert and the body operates at maximum efficiency. 

It has been found that maximum productivity occurs under this condition and that industrial 

accidents increase at higher and lower temperatures. Postural awkwardness due to a cold feeling results in 

just as many accidents as does mental dullness caused by a too warm environment. 
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The Comfort Chart: The comfort chart, shown in figure, correlates the perception of comfort with the 

various environmental factors known to influence it. The dry-bulb temperature is indicated along the 

bottom. The right side of the chart contains a dew point scale and the left side a wet-bulb temperature 

scale indicating guide marks for imaginary lines sloping diagonally down from left to right. The lines curving 

upward from left to right represent RHs. ET* lines are also drawn. These are the sloping dashed lines that 

cross the RH lines and are labelled in increments of 5°F. At any point along any one of these lines, an 

individual will experience the same thermal sensation and will have the same amount of skin wetness due 

to regulatory sweating. Clo levels at which 94 percent of occupants will find acceptable comfort are also 

indicated. 

Notice that the comfort chart in figure is derived from what is called the psychrometric chart two 

comfort envelopes or zones are defined by the shaded regions on the comfort chart—one for winter and 

one for summer. The thermal conditions within these envelopes are estimated to be acceptable to 80 

percent of the occupants when wearing the clothing ensemble indicated. To satisfy 90 percent of the 

people, the limits of the acceptable comfort zone are sharply reduced to one-third of the above ranges. 

 

 

 

 

 

 

 

 

 

 

 

Fig. The comfort chart 

The zones overlap in the 73° to 75°F (23° to 24°C) range. In this region, people in summer dress 

tend to be slightly cool, while those in winter clothing feel a slightly warm sensation. 

Figure generally applies when altitudes range from sea level to 7,000 feet (2,134 m),MRT is nearly 

equal to dry bulb air temperature, and air velocity is less than 40 fpm (0.2 m/s). Under these conditions, 

thermal comfort can be defined in terms of two variables: dry-bulb air temperature and humidity. 

Mean radiant temperature is actually just as important as air temperature in affecting comfort. 

When air movement in an indoor environment is low, the operative temperature is approximately the 

average of air temperature and MRT. When the MRT in the occupied zone significantly differs from the air 

temperature, the operative temperature should be substituted for the dry-bulb temperature scale along 

the bottom of figure. 
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The comfort chart is primarily useful for occupants with a minimum of 1 hour of exposure, 0.6 clo 

(standard shirtsleeve indoor office clothing), and a 1-met (seated or sedentary) activity level. It is 

secondarily useful at higher temperatures to identify when there is a risk of sedentary heat stress. 

Although the ET* scale is based on 1-hour exposure, data show no significant changes in response with 

longer exposures unless the limits of heat stress ET* greater than 90°F (32°C) are approached. As the ET* 

lines show, humidity between about 20 and 55 percent RH has only a small effect on thermal comfort. Its 

effect on discomfort increases with both temperature and the degree of regulatory sweating. Evaporative 

heat loss near the comfort range is only about 25 percent of the total heat loss. As the temperature 

increases, this percentage grows until the ambient temperature equals skin (and clothes) temperature, at 

which point evaporation accounts for 100 percent of the heat loss. 

The upper and lower humidity limits on the comfort envelope of figureare based on considerations 

of respiratory health, mold growth, and other moisture-related phenomena in addition to comfort. 

Humidification in winter must be limited at times to prevent condensation on cold building surfaces such 

as windows. 

The environmental parameters of temperature, radiation, humidity, and air movement necessary 

fo  the al o fo t depe d upo  the o upa t s lothi g a d a ti it  le el. 

The comfort chart was developed from ASHRAE research, which has usually been limited to lightly 

clothed occupants (0.5 to 0.6 clo) engaged in sedentary activities. The reasoning behind this approach is 

that 9  pe e t of people s i doo  o k a d leisu e ti e is spe t at o  ea  the sede ta  a ti it  le el. I  
line with this rationale, the comfort envelope defined in figure strictly applies only to sedentary and slightly 

active, normally clothed persons at low air velocities, when the MRT is equal to air temperature. For other 

conditions, the comfort zone must be adjusted accordingly. 

For example, comfort can be maintained at temperatures as low as 68°F (20°C) for an individual wearing a 

clothing ensemble measuring less than 1.34 clo if he or she gets up an moves around for at least 10 

minutes out of every half hour. On the other end of the scale, comfort conditions may be extended upward 

to 82°F (28°C) with a fan-induced air velocity of 160 fpm (0.8 m/s). 

Within the comfort envelope of figure, there is no minimum air movement necessary for thermal 

comfort. However, the maximum allowable air motion is lower in the winter than in the summer. In the 

wintertime, the average air movement within the occupied zone should not exceed 30 fpm (0.15 m/s). If 

the temperature is less than the optimum or neutral sensation temperature, slight increases in air velocity 

or irregularity of air movement can cause uncomfortable localized drafts. While possibly of little 

consequence in an active factory, this can create significant problems in professional buildings, religious 

buildings, and other places where people are seated and wearing light indoor clothing. 

In the summer, the average air movement in the occupied zone can go as high as 50 fpm (0.25 m/s) 

under standard temperature and humidity conditions. Above 79°F (26°C), comfort can be maintained by 

increasing the average air motion 30 fpm for each °F (0.275 m/s for each °C) of increased temperature up 

to a maximum of 160 fpm (0.8 m/s). At that point, loose paper, hair, and other light objects start blowing 

around. 

As average steady-state activity increases above the sedentary or slightly active (1.2-met) levels, 

sweating increases. To maintain comfort, the air motion must be increased, or the operative temperature 

must be decreased. 
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The development of reliable thermal comfort indices has been very important for the effective 

control of the thermal environment using no more energy and equipment than is necessary. The five 

variables affecting comfort for a given activity or room function are dry-bulb temperature, humidity, MRT, 

air movement, and clothing. Sometimes when one of these conditions is out of the comfort range, 

adjusting one or more of the other conditions will restore comfort with the addition of little or no 

additional energy. 

The most commonly recommended design conditions for comfort are: 

ET* = 75°F (24°C) 

Dry-bulb air temperature = MRT 

Relative humidity = 40% (20 to 60% range) 

Air velocity less than 40 fpm (0.2 m/s) 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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