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Foreword 
IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards bodies (IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0 technical committees. Each member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. They are approved in accordance with IS0 procedures requiring at  
least 75 % approval by the member bodies voting. 

International Standard IS0 ï726 was prepared by Technical Committee ISO/TC 159, 
Ergonomics. 

0 International Organization for Standardization, 1985 0 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 7726-1985 (E)  

Thermal environments - Instruments and methods for 
measuring physical quantities 

O Introduction 

This document is one of a series of International Standards 
intended for use in the study of thermal environments. 

This series of International Standards deals in particular with 

0 - the finalization of definitions for the terms to be used in 
the methods of measurement, testing or interpretation, 
taking into account standards already in existence or in the 
process of being drafted; 

- the laying down of specifications relating to the 
methods for measuring the physical quantities which 
characterize thermal environments; 

- 
the parameters; 

- the specification of recommended values or limits of 
exposure for the thermal environments coming within the 
comfort range and for extreme environments (both hot and 
cold); 

- the specification of methods for measuring the ef- 
ficiency of devices or processes for personal or collective 
protection from heat or cold. 

the selection of one or more methods for interpreting 

In view of the increasing interest being shown in the problems 
raised by the exposure of man to thermal environments and the 
existence of few documents or national standards in this field, 
it seemed desirable to publish this International Standard 
without waiting for the complete series to be drafted. 

0 

Any measuring appliances which achieve the accuracy indi- 
cated in this International Standard, or even better improve on, 
may be used. 

The description or listing of certain instruments in the annexes 
can only signify that they are “recommended”, since charac- 
teristics of these instruments may vary according to the 
measuring principle, their construction and the way in which 
they are used. It is up to users to compare the quality of the 
instruments available on the market at any given moment and 
to check that they conform to the specifications contained in 
this International Standard. 

1 
This International Standard specifies the minimum charac- 
teristics of appliances for measuring physical quantities charac- 
terizing an environment as well as the methods for measuring 
the physical quantities of this environment. 

Scope and field of application 

It does not aim to define an overall index of comfort or thermal 
stress but simply to standardize the process of recording infor- 
mation leading to the determination of this index. Other Inter- 
national Standards give details of the methods making use of 
the information obtained in accordance with this document. 

This International Standard shall be used as a reference when 
establishing 

a) specifications for manufacturers and users of in- 
struments for measuring the physical quantities of the 
environment; 

b) a written contract between two parties for the measure- 
ment of these quantities. 

It applies to the study of hot, comfortable or cold environments 
in any place occupied by man. 

2 Reference 

IS0  7243, Hot environments - Estimation of the heat stress on 
working man, based on the WBGT-index (wet bulb globe 
temperature). 

3 General 

3.1 

The specifications and methods contained in this International 
Standard have been divided into two classes according to the 
extent of the thermal annoyance to be assessed. 

Comfort standard and stress standard 

The type C specifications and methods relate to measurements 
carried out in moderate environments approaching comfort 
conditions (comfort standard). 

The type S specifications and methods relate to measurements 
carried out in environments subject to a greater thermal stress 
or even environments of extreme thermal stress (stress 
standard). 

The specifications and methods described for each of these 
classes have been determined bearing in mind the practical 
possibilities of in situ measurements and the performances of 
measuring instruments at present available. 

3.2 Physical quantities characterizing the environment 

The determination of overall indices of comfort or thermal 
stress requires knowledge of physical quantities connected 

1 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 77

26
:19

85

https://standardsiso.com/api/?name=a63c32999ac9fcf99287f30b69aace2d


I S 0  7726-1985 (E) 

with the environment. These quantities can be divided into two 
categories according to their degree of dependence on the 
environment. 

3.2.1 Basic physical quantities 

Each of the basic physical quantities characterizes one of the 
factors of the environment independently of the others. They 
are often used to define the indices of comfort or thermal stress 
based on the rationalization of the establishment of the thermal 
balance of a man placed in a given thermal environment. These 
quantities are as follows : 

a) air temperature, expressed in kelvins (Ta) or in degrees 
Celsius (fa); 

b) mean radiant temperature expressed in kelvins (T )  or in 
degrees Celsius (fr) and radiant temperature asymmetry, 
expressed in kelvins or in degrees Celsius ( A  tpr); 

c) absolute humidity of the air (pal, expressed in kilo- 
pascals. The absolute humidity can be measured by dif- 
ferent means (see annex DI. One of these means consists in 
measuring simultaneously the psychrometric temperature 
and the air temperature; 

d) air velocity (va), expressed in metres per second. 

The connections between these four quantities and the various 
gains and losses of heat in relation to the organism are shown 
in table 1. This table also gives four other quantities which, 
because they are usually estimated from data tables rather than 
measured, are not included in the remainder of this Inter- 
national Standard. 

NOTE - The concept of mean radiant temperature allows the study of 
radiative exchanges between man and his environment. It presupposes 
that the effects on man of the actual environment which is generally 
heterogeneous and the virtual environment which is defined as 
homogeneous are identical. When this hypothesis is not valid, in par- 
ticular in the case of asymmetric radiation, the radiation exchanges 
arising from thermally different regions and the extent of their effect on 
man should also be assessed using the concept of radiant temperature 
asymmetry. 

3.2.2 .Derived physical quantities 

The derived physical quantities characterize a group of factors 
of the environment, weighted according to the characteristics 
of the sensors used. They are often used to define an empirical 
index of comfort or thermal stress directly without having 
recourse to a rational method for establishing the thermal 
balance of a man placed in a given thermal environment. The 
most commonly used derived quantities are the following : 

a) natural wet bulb temperature (tnw) which depends on 
the temperature, velocity and humidity of the air as well as 
the mean radiant temperature. This quantity must not be 
confused with the psychrometric wet temperature (f,) used 
for calculations of humidity; 

b) globe temperature ( t , )  which depends on the mean 
radiant temperature and the air temperature and velocity. 
This quantity can be used as it stands to define an empirical 
index of thermal stress or as an intermediary quantity to 
calculate the mean radiant temperature; 

c) wet bulb globe temperature WBGT depends on the 
temperature, the velocity and the humidity of the air as well 
as the mean radiant temperature. It is determined from the 
measurement of the natural wet bulb temperature (fnw), the 
globe temperature ( f g )  and, under the thermal effect of the 
sun, the temperature of the air. The weighting coefficients 
relating to these quantities are specified in I S 0  7243; 

d) wet globe temperature (tWg) depends on the same 
quantities as the natural wet bulb temperature but the 
weightings are different. This quantity must not be con- 
fused with the WBGT thermal stress index. 

All other things being equal, the sizes of the derived quantities 
are only meaningful for sensors of specified shape and di- 
mensions. 

4 Specifications relating to the measuring 
instruments 

4.1 Measured quantities 

4.1.1 Basic quantities 

4.1.1.1 
around the human body. (See annex A.) 

The air temperature is the temperature of the air 

4.1.1.2 The mean radiant temperature is the uniform 
temperature of an imaginary enclosure in which radiant heat 
transfer from the human body is equal to the radiant heat 
transfer in the actual non uniform enclosure. 

The mean radiant temperature can be measured by instruments 
which allow the generally heterogeneous radiation from the 
walls of an actual enclosure to be "integrated" into a mean 
value. (See annex B.) 

The globe is a measuring instrument which is frequently used. 

It permits an approximate value of the mean radiant tempera- 
ture to be determined from the observed values of the globe 
temperature and the temperature and the velocity of the air sur- 
rounding the globe. 

The accuracy of measurement of the mean radiant temperature 
obtained using this appliance varies considerably according to 
the type of environment being considered and the accuracy of 
measurement of the temperatures of the globe and the air and 
the velocity of the air. The actual measuring accuracy shall be 
indicated wherever it exceeds the tolerances specified in this 
International Standard. 

The mean radiant temperature is defined in relation to the 
human body. The spherical shape of the globe thermometer 
can give a reasonable approximation of the shape of the body 
in the case of a seated person. An ellipsoid-shaped sensor gives 
a closer approximation to the human shape both in the case of 
a person in the upright position and for a person when seated. 

The mean radiant temperature can also be calculated from 
measured values of the temperature of the surrounding walls 
and the shape of these walls and their position in relation to the 
man (calculation of geometrical shape factors). (See annex B.) 

e 
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IS0  7726-1985 (E) 

Table 1 - Main independent quantities involved in the analysis of a thermal environment 

I Quantities i ta 1 t, 1 va 1 Pa 1 ~ c i  1  ci ___- 111 ____ w - _. 

Absolute 
humidity 
of the air Insulation Evaporative 

tempera- velocity pressure 
of water 
vapour) 

Elements in the thermal balance Mean 
Air radiant tempera- 
ture 

Air (partiai of resistance holism Meta- external 
work of 

clothing ture 

~- ~ 

Internal heat production, M -  w I I I l l I 
Heat transfer by radiation, R X X 

Heat transfer by convection, c" X X X 

Heat losses through evaporation : 

__-_ 

- ____ -- 

- evaporation from the skin, E X X X X 

- evaporation by respiration, Er,, X X 

Heat transfer by convection is also influenced by body movements. The resultant air velocity at  skin level is called relative air velocity (var) 

-- 

Any other measuring device or calculation method which 
allows the mean radiant temperature to be determined with the 
accuracy specified in the following clauses may be used. 

4.1.1.3 The radiant temperature asymmetry is the difference 
between the plane radiant temperature of the two opposite 
sides of a small plane element (see definition of the plane 
radiant temperature below). 

The concept of radiant temperature asymmetry is used when 
the mean radiant temperature does not completely describe the 
radiative environment, for instance when the radiation is 
coming from opposite parts of the space with appreciable ther- 
mal heterogeneities. 

The asymmetric radiant field is defined in relation to the pos- 
ition of the plane element used as a reference. It is however 
necessary to specify exactly the position of the latter by means 
of the direction of the normal to this element. 

a 
The radiant temperature asymmetry is measured or calculated 
from the measured value of the plane radiant temperature in the 
two opposing directions. 

The plane radiant temperature (Tpr or tPr) is the uniform 
temperature of an enclosure where the radiance on one side of 
a small plane element is the same as in the non-uniform actual 
environment. The plane radiant temperature is a quantity which 
describes the radiation in one direction. 

The so-called "net" radiometer is an instrument which is often 
used to measure this quantity (see annex C). With this it is 
possible to determine the plane radiant temperature from the 
net radiation exchanged between the environment and the sur- 
face element and the surface temperature of the radiometer. 

A radiometer with a sensor consisting of a reflective disc 
(polished) and an absorbent disc (painted black) can also be 
used. 

The plane radiant temperature can also be calculated from the 
surface temperatures of the environment and the shape factors 
between the surfaces and the plane element (see annex C i .  

Any other device or method which allows the radiant 
temperature asymmetry or the plane radiant temperature to be 
measured or calculated with the same accuracy as indicated 
below may be used. 

4.1.1.4 The absolute humidity of the air characterizes any 
quantity related to the actual amount of water vapour con- 
tained in the air as opposed to quantities such as the relative 
humidity or the saturation level which gives the amount of 
water vapour in the air in relation to the maximum amount that 
it can contain at a given temperature. 

With regard to exchanges by evaporation between man and his 
environment, it is the absolute humidity of the air which should 
be taken into account. This is often expressed in the form of 
partial pressure of water vapour. 

The partial pressure of water vapour of a mixture of humid air is 
the pressure which the water vapour contained in this mixture 
would exert if it alone occupied the volume occupied by the 
humid air at the same temperature. 

The absolute humidity can be determined directly (dew point 
instruments, electrolytic instruments) or indirectly by the 
measurement of several quantities simultaneously (relative 
humidity and temperature of the air; psychrometric wet 
temperature and temperature of the air etc.) (see annex D). 

The psychrometer is an appliance which is frequently used for 
measuring humidity. It allows the absolute humidity of the air 
to be determined from a measured value of the dry temperature 
of the air (ta) and the psychrometric wet temperature (tw). The 
accuracy of measurement is likely to be in accordance with the 
specifications of this International Standard only if the 
appliance is well designed and the precautions to be taken 
during use closely adhered to. 
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Any device which allows the absolute humidity of the air to be 
measured with the accuracy indicated in the following clauses 
may be used. 

4.1.1.5 The air velocity is a quantity defined by its magnitude 
and direction. The quantity to be considered in the case of 
thermal environments is the effective velocity of the air, i.e. the 
magnitude of the velocity vector of the flow at the measuring 
point considered (see annex E). 

As a general rule, the air velocity can be determined 

- either by the use of an omnidirectional probe which is 
directly sensitive to the magnitude of the velocity whatever 
its direction (hot bulb); 

- or by the use of three directional sensors which allow 
the components of the air velocity to be measured along 
three perpendicular axes. If these three components are 
termed v,, vu and vz, the effective velocity of the air can be 
expressed as follows : 

In those cases where the air flow is unidirectional, it is possible 
to use a probe which is sensitive to this one air direction (blade 
anemometer, hot wire anemometer etc. 1. 

The main direction of the flow can be discovered by carrying 
out smoke tests. 

As air velocity usually fluctuates considerably it is rec- 
ommended that these fluctuations be recorded in cold and 
comfortable environments. It is suggested that these fluctua- 
tions be expressed as the mean value and standard deviation. In 
a hot environment, it is sufficient to measure the mean value. 

4.1.2 Derived quantity 

4.1.2.1 The natural wet bulb temperature is the value 
indicated by a temperature sensor covered with a naturally 
ventilated wet wick, i.e. placed in the environment under 
consideration without any forced ventilation. 

In the absence of additional information, the temperature 
sensor shall comply with the following characteristics : 

a) Shape of the sensitive part of the sensor : cylindrical. 

b) 
6 f l m m  

External diameter of the sensitive part of the sensor : 

c) 
with the wet wick). 

Minimum length of the sensor support : 3 cm (covered 

4.1.2.2 The globe temperature is the internal temperature of a 
naturally ventilated globe having the following characteristics : 

a) Spectral emissivity : E = 0,95 k 0,05 

b) Diameter : 0.15 m 

4.1.2.3 The wet bulb globe temperature WBGTis calculated 
from the following equations : 

- In an internal environment (or external environment 
without the thermal effects of the sun) 

WBGT = 0,7 t , ,  + 0,3 tg 

- 
the sun) 

In an external environment (with the thermal effects of 

WBGT = 0,7 t,, + 0,2 tg + 0,l i, 

The characteristics of sensors for measuring t , ,  and t ,  are as 
given above. 

4.1.2.4 The wet globe temperature is the internal temperature 
of a sphere covered with a naturally ventilated, wet black 
fabric. 

In the absence of any additional information, the diameter of 
the globe is taken to be 6 cm. 

4.2 Characteristics of measuring instruments 

4.2.1 
the basic and derived quantities 

The measuring ranges, measuring accuracy and response times 
of the sensors for each of the basic and derived quantities are 
summarized in table 2. These characteristics shall be con- 
sidered to be minimum requirements. According to needs and 
technical manufacturing possibilities, it is always possible to 
specify more exact characteristics. Thus for certain quantities, 
very precise thermal stress measurements may require the use 
of appliances with measuring ranges in class S and an accuracy 
of class C. 

Characteristics of  instruments for measuring 

For the purposes of this International Standard the time 
constant of a sensor is considered to be numerically equal to 
the time taken for the output of the sensor, in response to a 
step change in the environmental quantity being measured, to 
reach 62 % of its final change in steady state value without 
overshoot. The response time, which is in practice the time 
after which the quantity being measured (for example : 
temperature of the thermometer) can be considered to be suf- 
ficiently close to the exact figure for the quantity to be 
measured (for example temperature of the air), can be 
calculated from the time constant r. A 90 % response time is 
achieved after a period equal to 3,l times the time constant. 

As the time constant and hence the response time of a sensor 
does not depend solely on the sensor (mass, surface area, 
presence of a protective sheath) but also on the environment, 
and hence on factors connected with a given measurement (air 
velocity, radiation etc.), it is necessary to indicate the con- 
ditions under which these values were obtained. The standard 
environmental conditions are specified in table 3 (classes C 
and SI. They shall be used as a reference except where this 
contradicts the principle for measuring the quantities under 
consideration. 
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In addition, the accuracy of measurement for air temperatures, 
mean radiant temperature, radiant temperature asymmetry, air 
velocity and humidity also depends on the effect of other 
quantities. Consequently, the accuracy specified in table 2 shall 
be achieved for the environmental conditions specified in 
brackets in the table. 

4.2.2 Characteristics of integrating types of 
measuring appliances 

Any measuring appliance integrating the measurement of 
several variables shall have a measuring interval, a response 
time and an accuracy equal or better than those of the cor- 
responding variables. 

5 Specifications relating to measuring 
methods 

The methods for measuring the physical characteristics of the 
environment shall take account of the fact that these charac- 
teristics vary in position and time. 

5.1 Specifications relating to variations in the 
physical quantities within the space surrounding 
the subject 

An environment may be considered to be "homogeneous" 
from the bio-climatical point of view if, at a given moment, air 
temperature, radiation, air velocity and humidity can be con- 
sidered to be practically uniform around the subject, i.e. when 
the deviations between each of these quantities and their mean 
spatial value calculated as indicated below does not exceed 
about I 5 %. This condition is frequently met in the case of air 
temperature, air velocity and humidity, but more rarely in the 
case of radiation. 

When the environment is too heterogeneous, the physical 
quantities shall be measured at  several points at or around the 
subject and account taken of the partial results obtained in 
order to determine the mean value of the quantities to be con- 
sidered in assessing the comfort or the thermal stress. Previous 
analyses of the thermal stress of the work places being studied 
or of work places of a similar type may provide information 
which is of interest in determining whether certain of the 
quantities are distributed in a homogeneous way. It is usual in 
the case of poorly defined rooms or work places to consider 
only a limited zone of occupancy where the criteria of comfort 
or thermal stress shall be respected. In case of dispute in the in- 
terpretation of data, measurements carried out presuming the 
environment to be heterogeneous shall be used as a reference. 

@ 

5 
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Table 4 shows the positions to be used for measuring the basic 
quantities and the weighting coefficients to be used for 
calculating the mean values for these quantities according to 
the type of environment considered and the class of measure- 
ment specifications. 

The positions to be used for the derived quantities shall 
preferably be chosen in conformity with the information sup- 
plied in table 4. Reference, however, shall be made to the 
general standard which defines the stress indices or thermal 
comfort indices and which takes precedence over this Inter- 
national Standard. 

The different sensors shall be placed at the heights indicated in 
table 4 where the person normally carries out his activity. 
When it is impossible to interrupt the activity in progress, it is 
necessary to place the sensors in positions such that the 
thermal exchanges are more or less identical to those to which 
the person is exposed (this measurement detail shall be 
mentioned in the results). 

5.2 Specifications relating to the variations in the 
physical quantities with time 

The physical quantities in the space surrounding the person can 
change as a function of time, for the following two reasons : 

a) for a given activity, the quantities can vary as a function 
of external incidents such as those which accompany a 
manufacturing process in the case of an industrial activity: 

b) the quantities can also vary as a result of the 
movements of the person in different environments (for 
example a warm environment close to a machine and a 
comfortable rest environment). 

An environment is said to be "stationary" in relation to the sub- 
ject when the physical quantities used to describe the level of 
exposure to heat of the person are practically independent of 
the time, i.e. for instance when the fluctuations in these 
parameters in relation to their mean temporal value do not 
exceed about I 5 YO. 

It should be noted that the other quantities used to describe the 
level of exposure to heat (metabolism, energy efficiency, 
insulation of clothing) can also depend on time. 

When an environment cannot be considered as stationary in 
relation to the subject, note should be taken of the main vari- 
ations in its physical quantities as a function of time (this infor- 
mation will be used in other standards in this series in order to 
determine an overall comfort or thermal stress index). 
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Table 3 - Standard environmental conditions for the determination of time 
constants of sensors 

Table 4 - Measuring positions for the physical quantities of an environment 

for calculatin 
Homogeneous 
environment 

Positions 
of the sensors 

Recommended heights Weighting coefficients for measurements 

Heterogeneous 

Class C Class S 

mean values (for guidance -___ only) 

environment Sitting Standing 

1 1 1,l m 1,7 m 

1 2 0.6 rn 1,l rn 

1 1 0,l m 0,l m 

__ l I Head level 

Abdomen level 1 1 

Ankle level 
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Measurement of air temperature 
(This annex does not form part of this International Standard.) 

A.0 Introduction 

I S 0  7726-1985 (E) 

Annex A 

The air temperature shall be taken into account when determining heat tranc Jr by convection at the level of the person. The measure- 
ment of this quantity, while often considered simple, can in fact lead to considerable errors if a number of precautions are not taken. 

A . l  Principle for measuring a temperature 

A temperature is registered by measuring physical quantities which are continuous functions : lengths of solids, volumes of liquids, 
electrical resistance, electromotive force etc. 

But whatever the physical quantity measured, a sensor can only measure the temperature at which it finds itself, and this temperature 
may differ from the temperature of the fluid (air for instance) to be measured. 

e 
A.2 Precautions to be taken when using a temperature probe 

A.2.1 Reduction of the effect of radiation 

Care should be taken to prevent the probe from being subjected to radiation from neighbouring heat sources as the tempergture 
measured in such a case would not be the actual temperature of the air but an intermediate temperature between the air temperature 
and the mean radiant temperature. 

Various means of reducing the effect of radiation on the probe are available as follows : 

a) 
covered with a reflective paint when it is of the insulating type; 

b) reduction in the difference in temperature between the sensor and the adjacent walls. Since it is not possible to modify the 
temperature of the walls of the enclosure, one or more reflective screens are used, arranged between the sensor and the 
enclosure. Thus the sensor "views" a wall the temperature of which gradually approaches that of the sensor as the number of 
screens increases. This method of protecting the sensor is effective and easy to install. 

The screens can in practice be made from thin (0,l or 0,2 mm) sheets of reflective metal (for example aluminium). When the 
screens are used on their own, i.e. without forced ventilation, the inmost screen shall be separated from the sensor by an air space 
large enough to allow air to circulate inside by natural convection; 

c) 
lation (mechanical or electrical ventilator) and by a reduction in the size of the sensor (thermistor, thermocouple). 

reduction of the emission factor of the sensor, by the use of a polished sensor when the latter is made of metal or a sensor 

e 

increasing the coefficient of heat transfer by convection, by an increase in the air velocity around the sensor by forced venti- 

Certain devices use the three means of protection mentioned above simultaneously, which results in small measuring errors. 

A.2.2 Thermal inertia of the sensor 

A thermometer placed in a given environment does not indicate the air temperature instantaneously. It requires a certain period to 
reach equilibrium. 

A measurement should not be made before a period has elapsed equal to at least 1,5 times the response time (90 %) of the probe. 

A thermometer will respond more rapidly 

- the smaller and lighter the temperature sensor is and the lower its specific heat; 

- the better the thermal exchanges with the environment. With regard to this increasing the coefficient of heat transfer by 
convection at the level of the sensor, already an advantage as far as the established conditions are concerned, also improves the 
response of the thermometer during transitional conditions. 

b 

9 
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A.3 Types of temperature sensor 

a) Expansion thermometers : 

1)  

2) solid expansion thermometer. 

liquid expansion thermometer (mercury etc.); 

bl Electrical thermometers : 

1 ) variable resistance thermometer 

- platinum resistor; 

- thermistor; 

thermometer based on the generation of an electromotive force (thermocouple). 2) 

c) Thermomanometers (variation in the pressure of a liquid as a function of temperature). 

10 
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Annex €3 

Measurement of the mean radiant temperature 
(This annex does not form part of this International Standard.) 

B.0 Introduction 

The radiation received by the person in an enclosure can be determined directly from given dimensions, the thermal characteristics 
(temperature, coefficient of emission) and the position in relation to the person of the heat sources located in a room. This method, 
however, soon becomes complex and time consuming to put into effect once the number of sources becomes large or the sources 
have elaborate shapes. 

The aim of this annex is 

- 

globe and the air temperature and air velocity at the level of this globe; 

- 

to describe a method for determining the mean radiant temperature from the measurement of the temperature of the black 

0 
to summarize other methods for measuring the mean radiant temperature; 

to indicate the principle for calculating the mean radiant temperature using angle factors. - 

The black globe thermometer will be used in this annex as an instrument for measuring a physical value namely the mean radiant 
temperature. The black globe thermometer, compared diagrammatically with a physical model of a man, can also, however, subject 
to certain approximations, be used as a thermal stress index. 

B.l  Measurement of the mean radiant temperature using the black globe 

6.1.1 Description of the black globe thermometer 

The black globe thermometer consists of a black globe in the centre of which is placed a temperature sensor such as the bulb of a 
mercury thermometer, a thermocouple or a resistance probe. 

The globe can in theory have any diameter but as the formulae used in the calculation of the mean radiant temperature depend on the 
diameter of the globe, a diameter of 15 cm, specified for use with these formulae, is generally recommended. 

It should be noted that the smaller the diameter of the globe, the greater the effect of the air temperature and air velocity, thus causing 
a reduction in the accuracy of the measurement of the mean radiant temperature. 

e 

So that the external surface of the globe absorbs the radiation from the walls of the enclosure the surface of the globe shall be 
darkened, either by means of an electro-chemical coating or, more generally, by means of a layer of matt black paint. 

B.1.2 Principle of the measurement 

The black globe shall be placed in the actual enclosure where the mean radiant temperature Tr is to be measured. The globe tends 
towards a thermal balance under the effect of the exchanges due to the radiation coming from the different heat sources of the 
enclosure and under the effect of the exchanges by convection. 

The temperature of the globe at the thermal balance allows Tr to be determined. 

The temperature sensor placed inside the globe allows the mean temperature of the latter to be measured. In fact, the temperature of 
the inner surface of the globe (thin) and the temperature of the air outside the globe (closed space) are practically equal to the mean 
external temperature of the globe. 

NOTE - Throughout the remaining part of this International Standard the expressions temperature of the globe and temperature of the sensor placed 
inside the globe will be identical. 
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The balance of the thermal exchanges between the globe and the environment is given by the equation 

qr + q c  = 0 

where 

. . . (II 

qr is the heat exchange by radiation between the walls of the enclosure and the globe, in watts per square metre; 

qc is the heat exchange by convection between the air and the globe, in watts per square metre. 

The heat transfer by radiation between the walls of the enclosure, characterized by the mean radiant temperature, and the globe is 
expressed as follows : 

- 
Qr = hrg (TP- Tg") . . . (2) 

where 

h,, = C E  is the coefficient of radiation between the enclosure and the globe, in watts per square metre kelvin to the fourth 
power; 

E being the emissivity of the black globe (without dimension); 

c = 567 x 10-8 being the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power; 

is the mean radiant temperature, in kelvins; 

T, is the temperature of the black globe, in kelvins. 

The heat transfer by convection between the air contained in the enclosure and the globe is given by the equation 

where h,, is the coefficient of heat transfer by convection at the level of the globe, in watts per square metre kelvin. 

V,o,6 
and in the case of forced convection h,, = 6,3 - In the case of natural convection h,, = 1,4 

D 0,4 

where 

D is the diameter of the globe, in metres; 

va is the air velocity at the level of the globe, in metres per second. 

In a type C environment, the coefficient of heat transfer by convection to be adopted is the one giving the highest value. In a type S 
environment, it is possible either to adopt the same method as previously or, more simply, to adopt the coefficient of heat transfer in 
forced convection directly. 

The thermal balance of the black globe is expressed as follows : 

h,,(T,!'- Tg") + hc,(Ta - T,) = O . . . (4) 
The mean radiant temperature is given by 

By natural convection, one obtains : 

1 /4 0,25 x 108 [ t g  - t a l  
x (t ,  - ta! - 273 

E 

In the case of the standard globe D = 0,15 m, E = 0,95 (matt black paint) and equation (6) becomes 

x (t, - ta)] < = [Ct, + 27314 + 0,4 x 108) t ,  - ta I - 273 

12 

. . . (6) 

. . . (7) 
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By forced convection, one obtains : 

1 , l  x 108 x ~ $ 6  
(is + 27314 + - 

E x  DO,^ 
. . (8) 

or for the standard globe 

6 = [(t ,  + 273)4 + 2,5 x 108 x ~ $ ~ ( t ,  - ta)] - 273 . . . (9) 

In practice it is this expression which will be most frequently used to calculate the mean radiant temperature. It is valid only for a 
standard globe by forced convection. 

Examples : 

The following results were obtained in an environment using a standard globe : 

e tg = 55 OC 
ta = 30 OC 

va = 0,3 m/s 

The coefficient of exchange at the level of the globe is calculated as follows : 

- in natural convection 

55 - 30 
O, 15 

1 /4 
h,, = 1,4 (g) = 1,4 (-) = 5W/(m2.K) 

- in forced convection 

lp iO,3)Op6 
~ 0 , 4  (O, 15) O p 4  

h,, = 6,3 - = 6,3 x - = 6,5 W/(m2.K) 

The coefficient of exchange in forced convection will therefore be used. 

The mean radiant temperature is calculated according to equation (9) : 
e 

6 = [(55 + 273)4 + 2,5 x 108 X .,Of6 (55 - 3011 1’4 - 273 

t, = 74,7 oc 

If the measurement is carried out with a globe with the following characteristics : 

D = 0,l m 

E = 0,95 

the temperature measured for the black globe is 53,2 OC. 

The mean radiant temperature is then calculated according to equation (8) : 

The figure for the mean radiant temperature characteristic of the environment considered is thus obtained. 

13 
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8.1.3 Precautions to be taken when using a black globe thermometer 

As the radiation of an enclosure is frequently one of the main factors in the thermal stress of an environment, an incorrect determi- 
nation of the mean radiant temperature can lead to large errors in the overall assessment of this stress. The following precautions 
should be considered : 

B.1.3.1 

When the radiation is heterogeneous, the measurement of a black globe temperature carried out at a single point is not representative 
of the overall radiative field received by the subject. It is, therefore, necessary to place the black globes at the levels defined in this 
International Standard and in such a way that the radiation received by each of the globes is very close to the radiation received by 
each part of the body located at the same level. The mean radiant temperature is equal to the mean, weighted according to the coef- 
ficients defined in this International Standard, of the measurements at the specified levels. 

Example : 

In the case of heterogeneous radiation it is necessary to use three black globes. 

The temperature measurements for three globes located at the level of the head, the abdomen and the ankles of a person lead 
respectively to the calculation of the following three mean radiant temperatures : 

f', = 25 O C  

f'* = 50 O C  

- 
tr3 = 40 OC 

The environment is heterogeneous with regard to radiation and high thermal stress. The mean radiant temperature is calculated by 
applying the weighting coefficients of table 4 as follows : 

- I x 2 5 + 2 x 5 0 + l x 4 0  
= 41,25 O C  4 t ,  = 

However, if the measurement had been carried out using a single black globe placed at the level of the abdomen, the measuring error 
would have been of the order of 9 O C .  

B.1.3.2 The response time for a black globe thermometer is about 20 to 30 min according to the physical characteristics of the globe 
and the environmental conditions. 

Successive readings of this temperature will allow the thermal balance to be registered easily. 

Because of its high inertia, the black globe thermometer cannot be used to determine the radiant temperature of environments which 
vary rapidly. 

B.1.3.3 The accuracy of measuring the mean radiant temperature using a black globe can vary to a great extent according to the 
values for the other characteristics of the environment. 

In each case a check should be carried out to determine whether the accuracy achieved is in conformity with the value indicated in this 
International Standard and if it is not, to indicate the actual accuracy. 

B.1.3.4 The use of a black globe thermometer for the assessment of the mean radiant temperature is an approximation due to the 
difference in shape between a person and a globe. In particular, the radiation coming from a ceiling or a floor will be over-estimated by 
the globe in relation to that received by a person. 

An ellipsoid with projected area factors as shown in table 5 may be considered a closer approximation of the shape of the human 
body. Table 5 shows the projected area factors for a person, an ellipsoid and a sphere. The projected area factor is estimated as 
A,,IAr where A,, is the surface area projected on one direction and A ,  is the total radiant surface area. This factor is related to the 
shape of a person or a sensor and indicates the relative importance of the radiation from different directions. 

14 
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The inclination of the axis of the ellipsoid depends on the position of the subject : standing, axis vertical; seated, axis inclined at 30°; 
lying, axis horizontal. 

Table 5 - Projected area factors 
1 

Left/right Front/ back Up/down 

Standing Person 0,08 0,23 0,35 

Ellipsoid O, 08 0,28 0,28 

0,28 

0,25 

Sphere 0,25 0,25 

Seated Person 0,18 0,22 

Ellipsoid 0,18 0,22 

Sphere 0,25 0,25 

B.1.3.5 The use of a globe thermometer in the case of exposure to short wave radiation (for example the sun) requires the use of a 
paint on the globe (for example medium grey) with approximately the same absorptivity for short wave radiation as the outer surface 
of clothed persons (except for the measurement of the WBGT where this factor is taken into account in the weighting formula 
between the different quantities). The coefficient of emission for the paint should be approximately 0,95 for long wave radiation. An 
alternative is to use the black globe and calculate the mean radiant temperature taking into account the absorptivity of the clothing 
worn. 

6.2 Other measuring methods 

B.2.1 Two sphere radiometer 

In this method two spheres with different emission coefficients (one black and one polished) are used. As the two spheres are heated 
to the same temperature, they will be exposed to the same convective heat loss. As the emittance of the black sphere is higher than 
the polished, there is a difference in the heat supply to the two spheres and this is a measure for the radiation. 

To estimate the mean radiant temperature the emittance and temperature of the sensors are required. 

The mean radiant temperature is calculated from the equation : 

where 

7 is the mean radiant temperature, in kelvins; 

T, is the sensor temperature, in kelvins; 

Pp is the heat supply to the polished sensor, in watts per square metre; 

p b  is the heat supply to the black sensor, in watts per square metre; 

cp is the emission coefficient of the polished sensor; 

&b is the emission coefficient of the black sensor; 

B is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 

Instead of a sphere an ellipsoid shaped sensor, which is closer to the shape the human body, can be used. 

B.2.2 Constant air temperature sensor 

In this method a sensor (sphere, ellipsoid) is controlled at the same temperature as the surrounding air temperature; there being no 
convection heat loss and the necessary heat supply (cooling supply) to the sensor being equal to the radiant heat loss (or gain). 

15 
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The mean radiant temperature is calculated by equation (11) : 

- PS 
=CS 

TP= T$-- 

where 

is the mean radiant temperature, in kelvins; 

T, is the sensor temperature, in kelvins; 

P, is the heat supply (cooling supply) to the sensor, in watts per square metre; 

E, is the emittance of the sensor; 

CJ is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 

B.3  Method for calculation of mean radiant temperature 

. . . (11) 

B.3.1 Calculation from the temperature of the surrounding surfaces 

The mean radiant temperature can be calculated from 

- the surface temperature of the surrounding surfaces; 

- 
the surface in relation to the person. 

the angle factor between a person and the surrounding surfaces, a function of the shape, the size and the relative positions of 

As most building materials have a high emittance ( E ) ,  it is possible to disregard the reflection i.e. to assume that all the surfaces in the 
room are black. 

The following equation (12) is then used : 

- 
T,!= T~F,-~ + T;F,-~ + . . . + TAF,-N . (12) 

where 

- 
T, is the mean radiant temperature, in kelvins; 

TN is the surface temperature of surface N, in kelvins; 

Fp - is the angle factor between a person and surface N. 

As the sum of the angle factors is unity, the fourth power of mean radiant temperature will be seen to be equal to the mean value of 
the surrounding surface temperatures to the fourth power, weighted according to the size of the respective angle factors. 

The angle factors (F, - 
nation of angle factors is more involved; the angle factor depending on the position of the person. 

can be estimated according to figures 1 to 4 in the case of rectangular surfaces but in general the determi- 

If there are only relatively small temperature differences between the surfaces of the enclosure, equation (12) can be simplified by a 
linear form : 

- 
T , =  TIFp-, + T 2 F p - 2 + .  . + TNFp-N . . . (13) 

That is the mean radiant temperature is calculated as the mean value of the surrounding temperatures weighted according to the 
magnitude of the respective angle factors. 

O 

* 
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Equation (13) will always give a slightly lower mean radiant temperature than equation (121, but in many cases the difference is small. 
If, for example, half of the surroundings (Fp - = 0,5i has a temperature which is 10 K higher than the other half the difference 
between the calculated mean radiant temperatures according to equation (12) and equation (13) will be only 0,2 OC. If, however, there 
are large differences in temperature between the surfaces, the error in using equation (13) can be considerable. If the temperature 
difference in the example above is 100 K, the mean radiant temperature will, according to formula (131, be calculated approximately 
10 K too low. 

B.3.2 Calculation from the plane radiant temperature 

The mean radiant temperature may be calculated from 

- the plane radiant temperature, fpr, in six directions (see annex C); 

the projected area factors for a person in the same six directions. - 

The projected area factors for a seated or standing person are given in table 5 for the six directions : up (1 1, down (2). left (31, right (4), 
front (51, back (6). 

For a standing person the mean radiant temperature may be estimated as 

- 
t, = 

0,08 (tprl + tprz) + 0,28 (tpr3 + tpr4) + 0,35 ((pro + tprô) 
0 

2 (0,08 + 0,28 + 0,351 

where tprl to tprô are the plane radiant temperatures in the six directions. 

The mean radiant temperature for a seated person may be estimated in a similar manner. 

17 
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F p - N  

0,13 
012 
0,11 
OJO 
O ,O9 
0,08 
0 ,O7 
OP6 
0,05 
0,04 
0,O 3 
0,o 2 
0,o 1 

FP-N Detail 

O 1  2 3 4 5 6 7 8 9 1 0  O 0,4 0,8 1,2 l,6 2,O 

b / c  b / c  

Figure 1 - Mean value of angle factor between a seated person and a 
vertical rectangle (above or below his centre) when the person is 
rotated around a vertical axis. (To be used when the location but not the 

orientation of the person is known.) 
Example : 

a = 4 m; b = 3 m; c = 5 m; blc = 0,6; a lc  = 0,8; 
Fp - a = 0,029. 
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F p - N  
0,16 
0,15 
0,14 
0,13 F p -  N De tail 
OJ2 0,12 
0,ll 0 ln 

o j o  030 
O ,O9 O,@ 

0,06 0% 
0,os 0p5 
0,04 0p4 
0,O 3 0,03 
0,02 0,0z 
0,Ol 0,01 
O, 

0,08 
O ,O7 0p7 

O 1 2 3 4 5 6 7 8 9 10 O 0,4 0,8 1,2 1 6  2,O 
b/c b/c 

Figure 2 - Mean value of angle factor between a seated person and a 
horizontal rectangle (on the ceiling or on the floor) when the person is 
rotated around a vertical axis. (To be used when the location but not the 

orientation of the person is known.) 

Example : 

a = 3 m; b = 6 m; c = 2 m; blc = 3,O; alc = 1,5; 
Fp - a = 0,067. 

IS0  7726-1985 (E) 
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20 

E 

3 
II 
h 

c V I  

F p - N  
0,16 
0,15 
OJ4 
0,13 
012 
0,11 
OJO 
0109 

0,08 
0 ,O7 
OP6 
0,05 
0,04 
0,O 3 
0,o 2 
0,o 1 

FP -N Detail 

O 1 2 3 4 5 6 7 8 9 10 O 0,4 0,8 1,2 l,6 2,O 

b / c  b / c  

Figure 3 - Mean value of angle factor between a standing person and a 
vertical rectangle (above or below his centre) when the person is rotated 
around a vertical axis. (To be used when the location but not the 

orientation of the person is known.) 
Example : 

a = 4,5 m; b = 2,O m; c = 3,O m; b lc  = 0,67; alc = 1,5; 
Fp - a = 0,047. 
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F p - N  
0,16 
0,15 
0,14 
0,13 
OJ2 
O J l  
o j o  
O ,O9 
0 I@ 

O ,O7 
0,06 
0,05 
0,04 
0,O 3 
0,02 
0,OI 
O 

Fp- N De tail 

0,09 
0,08 
Op7 
OP6 
OP5 
OP4 
0,03 
0,oz 
0,OI 

t I I I Q/C= ‘ I  

-. 
O 1 2 3 4 5 6 7 8 9 10 O 0,4 0,8 1,2 1 6  2,O 

b/c b/c 

Figure 4 - Mean value of angle factor between a standing person and a 
horizontal rectangle (on the ceiling or on the floor) when the person is 
rotated around a vertical axis. (To be used when the location but not the 

orientation of the person is known.) 

Example : 

a = 1,0 m; b = 15 m; c = 1,5 m; blc = IO; a / c  = 0,67; 
Fp - a = 0,039. 

21 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 77

26
:19

85

https://standardsiso.com/api/?name=a63c32999ac9fcf99287f30b69aace2d


Annex C 

M easurem ent of radiant tem perat u re asymmetry 
(This annex does not form part of this International Standard.) 

The human being can be exposed to asymmetric thermal radiation in various environments. To evaluate the asymmetry the concept of 
radiant temperature asymmetry (LI t,,) is used. This quantity is the difference between the plane radiant temperature (tpr) on two 
opposite sides of a small plane element (see 4.1.1.3). 

In the present annex a method is described for measuring the plane radiant temperature and radiant temperature asymmetry by means 
of a net radiometer. Two other methods of measuring are also presented as well as a method for calculating the radiant temperature 
asymmetry. 

C.l Measurement of radiant temperature asymmetry 

C . l . l  Description of the net radiometer 

The net radiometer consists of a small black plane element with a heat flow meter (thermopile) between the two sides of the element. 
The net heat flow between the two sides is equal to the difference between the radiant heat transfer at the level of the two sides of the 
element. 

The measuring elements are usually covered by a thin polyethylene sphere to decrease the effect of air velocity. 

Occasionally the net radiometer is equipped with an adaptor for unidirectional measurement. 

C.1.2 Measuring 

The net radiation is given by the following equation (14) : 

P = a ( Tirl - Tpr2> . . . (14) 

where 

P is the net radiation measured, in watts per square metre; 

Tpri is the plane radiant temperature, side 1, in kelvins; 

Tpr2 is the plane radiant temperature, side 2, in kelvins; 

a is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 

The radiant temperature asymmetry is equal to 

Atpr = Tpri - Tpr2 . . . (15) 

where At,, is the radiant temperature, in kelvins. 

This quantity is not measured directly by a net radiometer but has to be calculated. Equation (14) can be written as 

P = 40 T: ( Tprl - T,,) . . . (16) 

In the linear radiant heat transfer coefficient (40  T:), Tn = 0,5 ( Tprl + Tpr2) or with a closer approximation equal to the temperature 
of the net radiometer. On most net radiometers, T, is easily measured. 
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Thus the radiant temperature asymmetry is equal to 

IS0 7726-1985 (E)  

P 

40 T: 
Ai,, = - . . .  (17) 

where At,, is the radiant temperature asymmetry, in kelvins. 

The linear radiant heat transfer coefficient is influenced by the temperature level given by T,,. At a temperature level equal to 20 O C  the 
coefficient is equal to 5,7 W/(m*. KI  and for a temperature level equal to 50 O C  the coefficient is equal to 7,6 W/(mz. K). 

The following equation is valid only when the radiation heat transfer on one side of the net radiometer ( P l )  is measured. 

Pl = G T& - GE Tt . . . (18) 

where 

Pl 

Tprl is the plane radiant temperature, side 1, in kelvins; 

T, is the temperature of the net radiometer, in kelvins; 

E is the emittance of the sensor; 

CT is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 

is the radiation measured at side 1, in watts per square metre; 

For a black painted surface E may be estimated to approximately 0,95. 

The plane radiant temperature is then equal to 

. . .  Pl 
Tpr1 = v0 ,95  T t  + - d (19) 

To determine the radiant temperature asymmetry it is also necessary to measure in the opposite direction and calculate the 
corresponding plane radiant temperature. 

C.2 Other methods of measuring 

This clause outlines two other methods for measuring the plane radiant temperature. 

C.2.1 

The plane radiant temperature can be measured by a heated sensor consisting of a reflective (gold-plated) disc and an absorbing 
(black painted) disc. The gold plated disc will lose heat almost entirely by convection whereas the black painted disc will lose heat 
both by convection and radiation. If both discs are heated to the same temperature the difference in heat supply to the two discs is 
equal to the heat transfer by radiation between the painted disc and the environment. 

The plane radiant temperature is thus calculated from equation (20) 

Heated sensor consisting of a reflective disc, and an absorbing disc 

where 

T,, is the radiant temperature, in kelvins; 

T, is the disc temperature, in kelvins; 

P, is the heat supply to the polished disc, in watts per square metre; 

Pb is the heat supply to the black disc, in watts per square metre; 

E, is the emittance of the polished disc; 

&b is the emittance of the black disc; 

O is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 
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C.2.2 Constant air temperature disc 

In this method a small plane element is controlled at the same temperature as the surrounding air temperature. There is no convection 
heat loss and the necessary heat supply (cooling supply) to the element is equal to the radiation heat exchange (cooling 
exchange). 

The plane radiant temperature is thus calculated from equation (21) 

where 

Tpr is the plane radiant temperature, in kelvins; 

Ts is the disc temperature, in kelvins; 

Ps is the heat supply (cooling supply) to the disc, in watts per square metre; 

E, is the emittance of the disc; 

0 is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power. 

C.3 Method for calculation of radiant temperature asymmetry 

. . . (21) 

The radiant temperature asymmetry is estimated as the difference between the plane radiant temperature in two opposite directions. 

The plane radiant temperature can be calculated from 

- the surface temperature of the surrounding surfaces; 

- 
position of the surface in relation to a person. 

the angle factor between a small plane element and the surrounding surfaces, a function of the shape, the size and the relative 

As most building materials have a high emittance ( E ) ,  it is possible to disregard the reflections, i.e. to assume that all the surfaces in 
the room are black. 

The following equation (22) is then used 

where 

Tpr is the plane radiant temperature, in kelvins; 

TN is the surface temperature of surface N, in kelvins; 

Fp - N is the angle factor between a small plane element and surface N. 

As the sum of the angle factors is unity, the fourth power of the plane radiant temperature will be seen to be equal to the mean value 
of the surface temperature of the hemisphere to the fourth power, weighted according to the size of the respective angle factors. 

The angle factors (Fp 
general the determination of angle factors is more involved. 

can be estimated according to figures 5 and 6 or figures 7 and 8 in the case of rectangular surfaces but in 
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If there are only relatively small temperature differences between the surfaces of the enclosure equation (22) can be simplified to a 
linear form 

T p r =  TIFp-l + T 2 F p - 2 + .  . . + TNFp-N . . . (23) 

That is, the plane radiant temperature is calculated as the mean value of the surface temperatures weighted according to the 
magnitude of the respective angle factors. 

Equation (23) will always give a slightly lower plane radiant temperature than equation (221, but in many cases the difference is small. 
If, for example, half of the surroundings (Fp - = 0,5) has a temperature which is 10 K higher than the other half, the difference be- 
tween the calculated mean radiant temperatures according to equation (22) and equation (23) will be only 0,2 OC. If, however, there 
are large differences in temperature between the surfaces, the error by using equation (23) can be considerable. If the temperature dif- 
ference in the example above is 100 K, the plane radiant temperature will, according to the equation (231, be calculated approximately 
10 K too low. 

The radiant temperature asymmetry is then calculated as the difference between the plane radiant temperature on the two opposite 
sides of the small plane element. 

Element of a plane surface dA, and a 
rectangle in a plane perpendicular to the 
plane of the element. 

a C x = -  y = -  b b 

y 1 
tan-1 

Figure 5 - Analytical formula relating to the calculation of the shape factor in the case of a 
small plane element perpendicular to a rectangular surface 

Element of a plane surface dA1 and a 
rectangle in a plane parallel to it; the normal 
to the element passes through the corner of 
the rectangle. 

b X = Z  y = -  
C C 

* ~- Q - 

Figure 6 - Analytical formula relating to the calculation of the shape factor in the case of a 
small plane element parallel to a rectangular surface 
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Figure 7 - Chart for the calculation of the shape factor in the case of a small plane element 
perpendicular to a rectangular surface 
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a/c 

Figure 8 - Chart for the calculation of the shape factor in the case of a small plane element 
parallel to a rectangular surface 
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Annex D 

Measurement of the absolute humidity of the air 
(This annex does not form part of this International Standard.) I 

D.0 introduction 

The absolute humidity of the air is taken into account when determining the transfer of heat by evaporation from a subject. A high air 
humidity reduces evaporation of sweat and thus constitutes a thermal stress for the subject. 

This annex describes the principles of and the precautions to be taken when using the following two types of appliance : 

- psychrometer; 

- lithium chloride hygrometer. 

It also gives a brief resumé of the main characteristics of humid air. 

D . l  Thermo-hygrometric characteristics of humid air 

Humid air is a mixture of several gases which can be divided into two groups : 

- the gases which make up dry air (oxygen, nitrogen etc.); and 

- water vapour. 

At any given temperature, air cannot hold more than a certain amount of water vapour. Beyond that amount, the water vapour 
condenses. As the temperature of the air increases so does the maximum amount of water vapour it can hold. 

D.l . l  Absolute humidity 

The values connected with the actual quantity of water vapour contained in the air characterize the absolute humidity of the 
environment. 

Two values are generally used to characterize the absolute humidity of the air : the humidity ratio and the partial pressure of water 
vapour. 

D. l . l . l  Humidity ratio 

The humidity ratio Wa for a given sample of moist air is the ratio of the mass of water vapour in the sample to the mass of dry air in the 
sample : 

0 

M V  w, = - 
Ma 

. . . (241 

where 

W, is the humidity ratio; 

Mv is the mass of the water vapour; 

Ma is the mass of dry air in a given sample of humid air. 

D.1.1.2 Partial pressure 

The partial pressure of water vapour pa of the humid air is the pressure which the water vapour would exert if it alone occupied the 
volume occupied by the humid air at the same temperature. 
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These two values ( W, and p, )  are connected by the relationship (presuming the gases to be perfect) 

. . . (25) 
P a  W, = 0,612 98 ____ 

P - Pa 

where 

Wa is the humidity ratio; 

pa is the partial pressure of water vapour; 

p is the total atmospheric pressure. 

At saturation point, these two values are known as the humidity ratio at saturation Was and the saturation pressure or saturated 
vapour pressure pas. 

The saturated vapour pressure pas is connected to the absolute temperature Tof  the humid air mixture by a one to one relationship. 

D.1.2 Relative humidity 
O 

The values giving the composition of the air in terms of water vapour in relation to the maximum amount it can hold at a given 
temperature characterize the relative humidity of the environment. 

The relative humidity e is the ratio between the partial pressure of water vapour p a  in humid air and the water vapour saturation 
pressure pas at the same temperature and the same total pressure 

. . . (26) P a  e = -  
Pas 

The relative humidity is often expressed as a percentage in accordance with the following relationship : 

RH = 100e. 

With regard to the heat transfer between man and his environment by evaporation, it is the absolute humidity of the air which has to 
be taken into account. 

(I) D.1.3 Direct determination of the thermo-hygrometric characteristics of humid air using a 
psychrometric chart 

The main characteristics of humid air are usually grouped together in a chart known as a psychrometric chart (see figure 9). The 
coordinates of this chart are as follows : 

a) on the x-axis, the air temperature ta, in degrees Celsius; 

b) on the y-axis, right-hand side, the humidity ratio W,; 

c) 
kilopascals. 

on the y-axis, left-hand side, the partial pressure of water vapour pa of the air expressed either in millimetres of mercury or 

A given sample of humid air is represented by a point on the chart. It should be noted, however, that at a given temperature the 
absolute humidity of the air cannot exceed a maximum amount which corresponds to a relative humidity of 100 %. 

The thermo-hygrometric characteristics given in the chart refer to an atmospheric pressure of 100 kPa, or 750 mmHg. Humidity 
measurements carried out at different pressures require the use of charts intended for these pressures. 

Example : 

Atmospheric pressure : 1 bar = IO5 N/m2 = 100 kPa. 
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