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Foreword
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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-gpvernmental, in liaison with 1SO, 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 I1SO Council. They are approved in accordance with ISO procedures requiring, at
least 75 % approval by the member bodies voting.

International Standard 1SO 7726 was prepared by Technical Committee ISO/TC 159,
-. Ergonomics.
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INTERNATIONAL STANDARD

1S0 7726-1985 (E)

Thermal environments — Instruments and methods for

measuring physical quantities

0 Introduction

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

This serig¢s of International Standards deals in particular with

— 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
methpds for measuring the physical quantities which
characterize thermal environments;

— the selection of one or more methods for interpreting
the pprameters;

— the specification of recommended values or limits of
expogure for the thermal environments coming within, the
comfprt range and for extreme environments {both hat-and
cold)

— the specification of methods for measufing the ef-
ficienky of devices or processes for personal or collective
protegtion from heat or cold.

In view ¢f the increasing interest being shown in the problems
raised by the exposure of man to thesmal environments and the
existencg of few documents or (national standards in this field,
it seemgd desirable to publish this International Standard
without pvaiting for the cémplete series to be drafted.

Any megsuring appliances which achieve the accuracy indi-
cated in Ehis International Standard, or even better improve on,
may be Yised.

The desgription or listing of certain instruments in the annexes

can only-signify-thet-they-are—recormmended—sinco-charac

It does not aim to define an overall index'oflcomfort or thermal
stress but simply to standardize the procesq of recording infor-
mation leading to the determination of this|index. Other Inter-
national Standards give details\6f'the mettjods making use of
the information obtained in‘a@ccordance with this document.

This International Standard shall be used ap a reference when
establishing

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

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

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

2 Reference

ISO 7243, Hot environments — Estimation §f the heat stress on
working man, based on the WBGT-index (wet bulb globe
temperature).

3 General

3.1 Comfort standard and stress gtandard

The specifications and methods contained fin this International
Standard have been divided into two classps according to the
extent of the thermal annoyance to be asspssed.

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

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 Scope and field of application

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.

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
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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 : :

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 {1,,,), the
globe temperature (tg) and, under the thermal effect of the
sun, the temperature of the air. The weighting coefficients
relating to these quantities are specified in 1SO 7243;

d) - wet globe temperature (1,4} 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.

a) air tempellature, expressed in kelvins {T;) or in degrees
Celsius (¢,);

b) mean radipnt temperature expressed in kelvins (T,) orin
degrees Celsilis {#,) and radiant temperature asymmetry,
expressed in Kelvins or in degrees Celsius (4 tp,);

c) absolute humidity of the air (p,), expressed in kilo-
pascals. The pbsolute humidity can be measured by dif-
ferent means (see annex D). One of these means consists.in
measuring sir£ultaneously the psychrometric temperature
and the air tefnperature;

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

The connections between these four quantities and the various
_ gains and losses ¢f heat in relation to the organism are shown
in table 1. This thble also gives four other quantities which,
because they are usually estimated from data tables rather than
measured, are npt 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 issdefined as
homogeneous are iglentical. When this hypothesis is not valid, in par-
ticular in the case pf asymmetric radiation, the radiation exchanges
arising from thermally different regions and the extent of their effect on
man should also be jassessed 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 usgd. Fhey are often used to define an empirical
index of comfort orjthermal stress directly without having

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

4 Specifications relating’to'the measpuring
instruments

4.1 Measured quantities
4.1.1 Basic quantities

4.1.1.1 The-\air temperature is the temperature |of the air
around thg,human body. (See annex A.)

4.1.1.2 The mean radiant temperature is the¢ uniform
temperature of an imaginary enclosure in which rgdiant 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 radiatior] from the
walls of an actual enclosure to be “integrated’” info a mean
value. (See annex B.)

The globe is a measuring instrument which is frequegntly used.

It permits an approximate value of the mean radian}f 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 acpording to
the type of environment being considered and the afcuracy of
measurement of the temperatures of the globe and the air and

recourse to a ratlonal method for estabiishing the thermat —the velocity of the alf. The actual measuring accuracy shall be

balance of a man placed in a given thermal environment. The
most commonly used derived quantities are the following :

a) natural wet bulb temperature (¢,,) 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 (¢,,) used
for calculations of humidity;

b) globe temperature {ty) 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;

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 ellipscid-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.)
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Table 1 — Main independent quantities involved in the analysis of a thermal environment

Quantities
fa I Pa Lo ‘ Ry M w
Absolute
Elements in the thermal balance Me humidity .
: an ! .
) Air di of the air | Insulation Evaporatlve Useful
. radiant : resistance Meta-
tempera : . (partial of . external
tempera velocity . of bolism
ture ture pressure clothing clothin work
of water ing
vapour)
Internal heat production, M— W X X J
Heat trpnsfer by radiation, R X X
Heat transfer by convection, C* X X
Heat lopses through evaporation :
- e\aporation from the skin, £ X X X
— eyaporation by respiration, £ X X

* Heat fransfer by convection is also influenced by body movements. The resultant air velocitycat skin level is called relativq air velocity (v,,).

Any otIer 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
betweer} the plane radiant temperature of the two opposite
sides o] a small plane element (see definition of the plane
radiant femperature below).

The corjcept of radiant temperature asymmetry is used when
the meah radiant temperature does not completely.describe the
radiativg environment, for instance when the’/ radiation is
coming ffrom opposite parts of the space with appreciable ther-
mal heteérogeneities.

The asyfmmetric 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 j,i?lection of the normal/to this element.

The radjant temperature asymmetry is measured or calculated
from thg measuredvalue of the plane radiant temperature in the
two opposing.directions.

The plgne”radiant temperature (Tpr or f,) is the uniform

The plane‘tadiant temperature can also be|calculated from the
surface témperatures of the environment apd the shape factors
between the surfaces and the plane element (see annex C).

Anly other device or method which pllows the radiant
temperature asymmetry or the plane radiant temperature to be
measured or calculated with the same adcuracy as indicated
below may be used.

4.1.1.4 The absolute humidity of the ajr characterizes any
quantity related to the actual amount off water vapour con-
tained in the air as opposed to quantities|such as the relative
humidity or the saturation level which gjves the amount of
water vapour in the air in relation to the mgximum 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 exprgssed in the form of
partial pressure of water vapour.

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

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 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 (¢,} and the psychrometric wet temperature {¢,,). 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 aliows 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

4.1.2.3 The wet buib globe temperature WBGT is 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 1

— In an external environment (with the thermal effects of
the sun)

WBGT = 0,7 t,, + 0,21, + 0,11,

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

— or by the|use of three directional sensors which allow
the componer|ts of the air velocity to be measured along
three perpendjcular axes. If these three components are
termed v,, v, 3nd v, the effective velocity of the air can be
expressed as fpliows

= 2 { 2 2
Va =/ ve A Vy+vz

In those cases wh
to use a probe wh
anemometer, hot

" The main directio
out smoke tests.

As air velocity
ommended that
comfortable envir
tions be expressed
a hot environmen

ere the air flow is unidirectional, it is possible
ch is sensitive to this one air direction (blade
wire anemometer etc.).

h of the flow can be discovered by carrying

usually fluctuates considerably it is rec-
hese fluctuations be recorded in cold and
bnments. It is suggested that these fluctua-
as the mean value and standard deviations In
, it is sufficient to- measure the mearn value.

4.1.2 Derived guantity

4.1.2.1 The naturai wet bulb temperature is the value

indicated by a te
ventilated wet w
consideration with

In the absence
sensor shall comp|

Mmperature sensor~covered with a naturally
ck, i.e. placedhin/the environment under
out any forced.ventilation.

f additional information, the temperature
y withthe following characteristics :

a) Shape of the-sSensitive part-of-the sensor—cylindrical

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

4.1.2.4 The wet globe temperature is\the internal tdgmperature

‘of a sphere covered with a naturally ventilated, [wet black

fabric.

b

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

4.2 Characteristics of measuring instruments

4.2.1 Characteristics of instruments for measuyring
the basic and derived quantities

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

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 resgonse to a
step change in the environmental quantity being mehsured, to
reach 62 % of its final change in steady state valde without
overshoot. The response time, which is in practicg 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 quantjty to be

b) External diameter of the sensitive part of the sensor :

6 £ 1mm

¢) Minimum |

ength of the sensor support : 3 cm {covered

with the wet wick).

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

a) Spectral emissivity : ¢ = 0,95 + 0,05

b) Diameter :

0,15 m

measured (for example temperature of the air), can be
calculated from the time constant . A 90 % response time is
achieved- after a period equal to 3,1 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 S). 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 tabie 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

ISO 7726-1985 (E)

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.

time anc1 an accuracy equal or better than those ol the cor-
respondipg variables.

5 Spﬁ:ifications relating to measuring
methods

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

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

An envifonment 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 fo be practically uniform around the subject, i.e. when
the devigtions between each of these quantities and their mean
spatial value calculated as indicated below does not éxceed
about |5 %. This condition is frequently met in the case of air
temperature, air velocity and humidity, but more‘rarely in the
case of fadiation.

When' the environment is too heterogeneous, the physical
quantitigs 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 ih assessing the comfort0Or 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 i of interest .in{determining whether certain of the
quantitigs are distributed in a homogeneous way. It is usual in
the casq of poory.defined rooms or work places to consider
only a lifited 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

The different sensors shall be placed at theLeights indicated in
table 4 where the person normally_Garrigs out his activity.
When it is impossible to interrupt thelactivity in progress, it is
necessary to place the sensors.in positibns such that the
thermal exchanges are more or less identicgl to those to which
the person is exposed (this measuremgnt 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 surrounfing the person can
change.as a function of time, for the folloyving two reasons :

a) foragiven activity, the quantities can vary as a function
of external incidents such as those which accompany a
manufacturing process in the case of aJ| industrial activity;

b) the quantities can also vary ag a result of the
movements of the person in different| environments (for
example a warm environment close t¢ 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 flctuations in these
parameters in relation to their mean temporal value do not
exceed about * 5 %.

1t should be noted that the other quantities ysed to describe the
level of exposure to heat {metabolism, [energy efficiency,
insulation of clothing) can also depend on|time.

When an environment cannot be conside
relation to the subject, note should be tak
ations in its physical quantities as a functio

ed as stationary in
bn of the main vari-
h of time (this infor-

mation will be used in other standards in this series in order to

environment to be heterogeneous shall be used as a reference.

determine an overall comfort or thermal st

ress index).
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Table 3 — Standard environmental conditions for the determination of time
constants of sensors

Quantities of
the standard B
Measurement environment ty t, Pa Va
of-the TeSPOMSe
time of sensors for
Air temperature = t, Any < 0,25 m/s
Mean radiant temperature = fr Any < 0,25 m/s
Absolute humidity = 20 °C = 1, To be specified
according to the
measuring
method -
Air velocity = 20 °C = 1 Any

Table 4 - Measurin‘g positions for the physical quantities of an environment

Weighting coefficients for measurements Recommended heights

for calculating mean values {for guidance only)

Positions H H
of the sensors omogeneous eterogeneous
environment * environment Sitting Standing
Class € Class S Class C Class S

Head level 1 1 1,1m 1,7m

Abdomen level 1 1 1 2 0,6 m 1,1Tm

Ankle level 1 1 0,1m 0,Tm
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Annex A

Measurement of air temperature

(This annex does not form part of this International Standard.)

Introduction

The air temperature shall be taken into account when determining heat transfer by convection at the level of the person. The measure-

ment of t

A.1 P

A tempeiature is registered by measuring physical quantities which are continuous functions : lengths of solids,

electrical

But wha
may diff

A2 P

A.21

Care sho
measureq
and the 1

Various 1]

a) re
cover

b} rd
tempsg
enclo

5

his quantity, while often considered simple, can in fact lead to considerable errors if a number of precau

rinciple for measuring a temperature

resistance, electromotive force etc.

ver the physical quantity measured, a sensor can only measure the temperature atwhich it finds itself, a
from the temperature of the fluid (air for instance) to be measured.

recautions to be taken when using a temperature probe

Reduction of the effect of radiation

Lild be taken to prevent the probe from being subjected te radiation from neighbourihg heat sources
in such a case would not be the actual temperature of the air but an intermediate temperature between
hean radiant temperature.

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

duction of the emission factor of the sensor; by the use of a polished sensor when the latter is made o
bd with a reflective paint when it is of the insulating type;

duction in the difference in temperature between the sensor and the adjacent walls. Since it is not pos

scree

The

screefs are used on théir own, i.e. without forced ventilation, the inmost screen shall be separated from the se
large pnough to allotw/air to circulate inside by natural convection;

c)

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

ifcreasing the coefficient of heat transfer by convection, by an increase in the air velocity around the sen
lation| (mechanical or electrical ventilator) and by a reduction in the size of the sensor {thermistor, thermoco

sure. Thus the sensor “views!_a wall the temperature of which gradually approaches that of the sensd
s increases. This method of protecting the sensor is effective and easy to install.

reens can in practice,be made from thin (0,1 or 0,2 mm) sheets of reflective metal (for example alur

ions are not taken.

ivolumes of liquids,

hd this temperature

bs the temperature

the air temperature

if metal or a sensor

sible to modify the

rature of the walls of the enclosure, one or more reflective screens are used, arranged between the sensor and the

r as the number of

pinium}. When the
hsor by an air space

sor by forced venti-
uple).

suring 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

respol

nse of the thermometer during transitional conditions.

B

9
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A.3 Types of temperature sensor
a) Expansion thermometers :
1) liguid expansionbthermometer {mercury etc.);
2) solid expansion thermometer.
b) Electrical thermometers :

1) variable resistance thermometer

—  platintrmresistor:
— thermistor;
2) thermpmeter based on the generation of an electromotive force (thermocouple).

¢) Thermomjanometers (variation in the pressure of a liquid as a function of temperature}.

10
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Annex B

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

— to describe a method for determining the mean radiant temperature from the measurement of the tempgrature of the black
globg and the air temperature and air velocity at the level of this globe;

— to summarize other methods for measuring the mean radiant temperature;
— 1o indicate the principle for calculating the mean radiant temperature using.angle factors.

The bladk 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 4vith a physical model of a man, can alsp, however, subject
to certaih approximations, be used as a thermal stress index.

B.1 Measurement of the mean radiant temperature using the black globe

B.1.1 |Description of the black globe thermometer

The blagk globe thermometer consists of a black globe in the centre of which is placed a temperature sensor sgich as the bulb of a
mercury|thermometer, a thermocouple ora\resistance probe.

The glohe can in theory have any diameter but as the formulae used in the calculation of the mean radiant temperpture 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 spialler the diameter of the globe, the greater the effect of the air temperature and air vglocity, thus causing
a reductjon in the accuracy,of the measurement of the mean radiant temperature.

So that [the external surface of the globe absorbs the radiation from the walis of the enclosure the surface of the globe shall be
. darkenedl, eithefsby 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 T, 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 T, 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

g, +q.=0

where

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

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

A1

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

q; = hg (TAFH

where

hyg = ae is
power;

¢ being the Emissivity of the black globe-(without dimension);

o =567 x1
T, isthe me
T
The heat transfer

qc = hcg(Ta 1

where kg is the

: 174
In the case of nafural convection /., = 1,4 (—D—> and in the-case of forced convection 4., = 6,3

where
D is the dian

v, s the air

is the temperature of the black globe, in kelvins.

the coefficient of radiation between the enclosure and the globe, in watts per square metre, kelvin to

—8 being the Stefan-Boltzmann constant, in watts per square metre kelvin to'the fourth power:

bn radiant temperature, in kelvins;

by convection between the air contained in the enclosure and(the globe is given by the equation :
7y
toefficient of heat transfer by convection at the level of the globe, in watts per square metre kelvin.

AT v08

Do.4

heter of the globe, in metres;

elocity at the level of the globe, in metres per second.

in a type C envirgnment, the coefficient.afheat transfer by convection to be adopted is the one giving the highest value.

environment, it is

forced convection directly.

The thermal balarice of the black glaobe is expressed as follows :

P (T4~ T4

The mean radiant temperature is given by

possible either to adopt the same method as previously or, more simply, to adopt the coefficient of heat

heg (T= T = 0

YA
L=+ Ty-T,)

rg

By naturai convection, one obtains :

D

108 It—t|1/4 1/4
t=(z+273)4+°'25>< Ll LT x(t, - )] - 273
r g e 9 a

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

te=[(tg + 273)4 + 0,4 x 108 4, — £,| "4 x (1, - 1,)]"* - 273

12

{2

the fourth

{3}

natype S
transfer in

. (4)

. (5)

. (6)

A7)



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

1SO 7726-1985 (E)

By forced convection, one obtains :

_ o, 11X 108 x 25 14
= |{t, + 273)% + e {, — - 27
t {rg ) % Don tg — 1) 3 (8)
or for the standard globe
tp=[ltg + 273)% + 2,56 x 108 x v28(z, — 1] /4 - 273 {9

In practice it is this expression which will be most frequentiy 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 :

Iy 5 55 °C
1, 94 30°C
vy 5 0,3m/s

The cogfficient of exchange at the level of the globe is calculated as followsS

— |in natural convection

AT\ 65 — 30|0%
} = — = = 2’
g = 14 (D ) 14\ =5 5 W/ tmi2sK)

— |in forced convection

Va {0,3)0.6
R, = 6,3 =6,3 X ———— = 6,56 W/(m2-K)
e D04 (0,15) 04

The cogfficient of exchange in forced_convection will therefore be used.

The mean radiant temperature is’calculated according to equation {9} :

..‘
=
i

[(55 + 273)4 422,56 x 108 x v06 (55 —~ 30)]1/4 — 273

~
i

. =|74,7 °C

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

D=01m
e = 0,95
the temperature measured for the black globe is 53,2 °C.

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

t, = (532+273)4+~1—'1—m(532 30) " 73 = 74,7 °
¢ = , 6,95 (0.1000% 2 " -~ 273 = 74,7 °C

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

13
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B.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 In the case of heterogeneous radiation it is necessary to use three black globes.

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 recelved by the subject It is, therefore necessary to place the black globes at the Ievels defined in this
International St } v eceived by
. each part of the pody Iocated at the same Ievel The mean radiant temperature is equal to the mean, wquhted accordifgyto the coef-
ficients defined ip this International Standard, of the measurements at the specified levels.

Example :

The temperaturel 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 :

= 25°C
iy, = 50 °C
i,y = 40°C

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

- 1x254+2x50+1x40

= 41,25 °C
a .

~
=

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 °C.

B.1.3.2 The re:fonse time for a black globe thermometer is about 20 to 30 min according to the physical characteristics gf the globe
and the environnpental conditions.

Successive readipgs of this temperatUre will allow the thermal balance to be registered easily.
Because of its hfg h inertia, the black globe thermometer cannot be used to determine the radiant temperature of environments which

vary rapidly.

- B.1.3.3 The acguracy of measuring the mean radiant temperature using a black globe can vary to a great extent accorging to the
values for the other€haracteristics-of the-snvironment

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,/ A, 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

B.1.3.5
paint on
of clothd
between
alternati
worn.

B.2 (

B.2.1
in this m
to the s3
the polig

To estin

The megdn radiant temperature is calculated from the equation :

the globe {for example medium grey} with approximately the same absorptivity for short\wave radiation

Up/down Left/right Front/back
Standing Person 0,08 0,23 0,35
Ellipsoid 0,08 0,28 028
Sphere 0,25 0,25 0,25
Seated Person 0,18 0,22 0,30
Ellipsoid 0,18 0,22 0,28
Sphere 0,25 0,25 0,25

The use of a globe thermometer in the case of exposure to short wave radiation (for example the sun) r
d persons (except for the measurement of the WBGT where this factor is taken(into account in the

the different quantities). The coefficient of emission for the paint should be appréximately 0,95 for long
¢ is to use the black globe and calculate the mean radiant temperature takingtinto account the absorpt

Dther measuring methods

Two sphere radiometer
ethod two spheres with different emission coefficients-fone biack and one polished) are used. As the twd

hed, there is a difference in the heat supply to_thie two spheres and this is a measure for the radiation

ate the mean radiant temperature the emittance and temperature of the sensors are required.

equires the use of a
hs the outer surface
weighting formula
wave radiation. An
vity of the clothing

spheres are heated

me temperature, they will be exposed to the same convective heat loss. As the emittance of the black sphere is higher than

... (10)

=13+ al()Z‘ -—P: )
b p

where

T, ib the mean radiant femperature, in kelvins;

T the sensor temperature, in kelvins;

P, s the heat supply to the polished sensor, in watts per square metre;

Pb uaie 1ieiic,

&, isthe emission coefficient of the polished sensor;

&, is the emission coefficient of the black sensor;

o is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power.
Instead of a sphere an ellipsoid éhaped 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):

T4_ T4

(1)
o€

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

T, is the sensor temperature, in kelvins;

P, isthe heqt supply {cooling supply) to the sensor, in watts per square metre;
&, s the emittance of the sensor;

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

B.3 Method for calculation of mean radiant temperature

B.3.1 Calcuiation from the temperature of the surrounding surfaces
The mean radiant temperature can be calculated from
— the surfape temperature of the surrounding surfaces;

— the'angle|factor between a person and the surroundmg surfaces/a function of the shape, the size and the relative positions of
the surface in| relation to the person.

As most building|materials have a high emittance (¢), 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 :

=TPF, §+ T3Fy_g+ ...+ TnFy iy , co 012)
where
T, is the mepn radiant tempetat(re, in kelvins;

Ty is the sufface temperature of surface N, in kelvins;

F,_n is thelangle 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, _ 5} can be estimated according to figures 1 to 4 in the case of rectangular surfaces but in general the determi-
nation of angle factors is more involved; the angle factor depending on the position of the person.

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

T,=TFy_ 1+ TFy_ s+ ...+ TyFy_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.

16
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Equation (13) will always give a slightly lower mean radiant temperature than equation (12), but in many cases the difference is small.
If, for example, half of the surroundings (F;, _ y = 0,5) 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 °C. 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 {13}, 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, t,,, in six directions {see annex C);

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

The projdcted area factors for a seated or standing person are given in table 5 for the six directions : up {1}, down (3), left (3}, right (4),
front (5),| back (6). :

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

0Bl + fprp) + 0,28 (15 + L) + 0,35 (15 + L)
2(0,08 + 0,28 + 0,35)

where f{; to 1, are the plane radiant temperatures in the six directions.

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

17
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Fo-n
0,6
0,15
0,14 F Al
0,13 | See detail : D-N Detail
0‘12 a/(.'= © 0,12
om — 15 | 01t
0,0 13 010
009 | Z%/‘——-—z—*—————— 0,09F a/c =co/3
1 1 =
0,08 v 1:? 0108 ///‘,
007 V| .| 007F //J,i
0,06 : 0,06 2 1
005 } g —0.8 005} ///j.e:
004 = 004 =T
003t/ | — O 003l J T L oa
002 02 0,02 — /= 0
0,01 .00
01,23 45678917 0 04 08 12 16 20
| 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

; N the location but not the
orientation of the person is known.)

Exémp/e
a=4m;b=3m;c=56m; b/c =06 alc =08
F, _ 4 =10,029.

18
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|

|
Fp ..N
0,16
015
0,14
0,13 t See detail
012 a/cz e
om | 5]
0,09 - —1 .
0,08 ZaB 15
007 t 1T
0,06 /e 1
0,05 :::: 0.8
0,04 HAAF—=— 06 |
003F 0.4
0,02 <] 02
0,01 -
0: 1 L Il ! 4

01234567890
b/c

TOU

Example :

Fo_n Detail
0,12 -
0+
010
8'398 i | a’k Fo |
, l 3
007 + P
006 L ;in
005 //jﬁ/>//4 1
004 /{//,,/,/E%%é
0,03 8 // o [’
L Vet
0,02 02
00t —
0 0t 08 12 16 20
b/c

a=3mb=6m;c=2m; b/c =3,0;a/lc =15

F,

L _a = 0,067.

orientation of the person is known.}

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
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Example :

a=45m; b =20m;c =30m; b/c = 0,67; a/c = 1,5

F

20

p-a

0 1-23 45678

= 0,047.

FP-N

0,16

0,15

014 .
0,13  See detail a/c = o /:1132‘N DEfﬂll
012 ==,

"t ] 5/ o
gq; r// 31 010 _|a/c=|o
0109 i 2 0,09- : /3’
0,08 44 1.5 008 1
YAy /e 0071 1 15]
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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

orientation of the person is known.)
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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=10mb=1mc=15m; b/c =10, a/c = 0,67;

F, _ o= 0,039
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C.0 Introdu

- The human being ca

radiant temperat
opposite sides of

In the present an

of a net radiometer. Two other methods of measuring are also presented as well as a‘method for calculating-th€)radiant t

asymmetry.

C.1 Measu

C.1.1 Descri

Annex C

Measurement of radiant temperature asymmetry

(This annex does not form part of this International Standard.)

ction

n be exposed to asymmetric thermal radiation in various environments. To evaluate the asymmetry the

.y A 5-is-sed:
a small plane element (see 4.1.1.3).

nex a method is described for measuring the plane radiant temperature and radiant temperature asymmetr

ement of radiant temperature asymmetry

tion of the net radiometer

concept of
for) ON two

v by means
bmperature

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
element.

The measuring €

Occasionally the

C.1.2 Measu

The net radiatior

ring

between the two sides is equal to the difference between the radiant heat transfer at the level of the two

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

net radiometer is equipped with an adaptor for, Gnidirectional measurement.

is given by the following equation\(14) :

T

radiation measured) in watts per square metre;
ane radianttemperature, side 1, in kelvins;

ane radiant temperature, side 2, in kelvins;

P=gl(T3,
where

P is the net

Ty isthe p

Ty is the p

o is the Ste

sides of the

. {14)

an-Boltzmann constant, in watts per square metre kelvin to the fourth power.

The radiant temperature asymmetry is equal to

At

pr =T

prl

Tpr2

where Af,, 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=40T3(T, - Ty

. (15)

. {18)

In the linear radiant heat transfer coefficient (4o 73), T, = 0,5 (Torr + Thpp) or with a closer approximation equal to the temperature
of the net radiometer. On most net radiometers, 7, is easily measured.
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Thus the radiant temperature asymmetry is equal to

P

A, =
40 T3

pr .07

where Atpr 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 °C the
coefficient is equal to 5,7 W/{m2-K) and for a temperature level equal to 50 °C the coefficient is equal to 7,6 W/(m2-K).

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

Py =lcT5 —oeTy , ... 18)

P, ip the radiation measured at side 1, in watts per square metre;
T, | is the plane radiant temperature, side 1, in kelvins;

5 the temperature of the net radiometer, in kelvins;

£ is|the emittance of the sensor;

o ig the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power.
For a blgck painted surface &€ may be estimated to approximately 0,95.

The plarje radiant temperature is then equal to

4 P o
Tor [F)/ 095 T + }1 | S 09)

To detefmine the radiant temperature asymmetry it is also necessary to measure in the opposite directior) and calculate the
correspgnding plane radiant temperature. '

C.2 (ther methods of measuring

This clatise outlines two other methods_for-measuring the plane radiant temperature.

C.2.1 |Heated sensor consisting of a reflective disc, and an absorbing disc

The plafe radiant temperature'can be measured by a heated sensor consisting of a reflective (gold-plated} digc and an absorbing
(black phinted) disc. The gdldiplated 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 transfér by radiation between the painted disc and the environment.

The plage radiant'temperature is thus calculated from equation (20)

raLagay Lo B 20
pr S _a ley = pp\
where
Ty s the radiant temperature, in kelvins;
T, is the disc temperature, in kelvins;
Pp is the heat supply to the polished disc, in watts per square metre;
P, is the heat supply to the black disc, in watts per square metre;
& is the emittance of the polished disc;
&, is the emittance of the black disc; ’
o is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power.
23
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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}

21

The radiant tempg
The plane radiant]
— the surfad

— theangle
position of the

As most building
the room are blad

T4 = T4 i
rTS geg
where
T,Dr is the plane radiant temperature, in kelvins;
T, is the disq temperature, in kelvins;
P, s the heat supply {cooling supply} to the disc, in watts per square metre;
& is the emiftance of the disc;
o is the Stefan-Boltzmann constant, in watts per square metre kelvin to the fourth power.
' C.3 Method for calculation of radiant temperature asymmetry

brature asymmetry is estimated as the difference between the plane radiant temperature in two opposite

temperature can be calculated from

e temperature of the surrounding Surfaces;

surface in relation to-a person.

materials have a high-emittance (&), it is possible to disregard the reflections, i.e. to assume that all the
k. . S

The following equdation (22)ds'then used

Th = T{‘Fp _

FAPF, g+ .+ TR,y

directions.

Factor between a small piane element and the surrounding surfaces, a function of the shape, the size and the relative

surfaces in

. {22)

where

Tor

is the plane radiant temperature, in kelvins;

Ty is the surface temperature of surface V, in kelvins;

F,_n isthe

angle factor between a small plane element and surface N.

As the sum of the angie 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 angie factors.

The angle factors (F, _ 5) can be estimated according to figures 5 and 6 or figures 7 and 8 in the case of rectangular surfaces but in
general the determination of angle factors is more involved.
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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

Tpr:T1Fp_1+ T2Fp—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 (22), but in many cases the difference is small.
If, for example, half of the surroundings (F n = 0.5) has a temperature which is 10 K higher than the other half, the difference be-
tween the calculated mean radiant temperatures accordmg to equation (22) and equatlon (23) will be only 0,2 °C. If,"however, there
he temperature dif-
ference in the example above is 100 K, the plane radrant temperature will, accordmg to the equation (23}, be calculpted approximately
10 K toolow.

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

Etement of a plane surface) dA44 and a
rectangle in a plane perpendicular to the
- plane of the element,

a c
X = — = —
y %
)
1 1 Y
Fd1—2 = ==2*tan~!' — — tan—1
2n Y X iv? NS R

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 dA; and a
“ rectangle in a plane parallel to'it; the normal
—r— to the element passes through the corner of
|
|
|

—the Tectangle:

BN
N

u
x=-4 y-2

é_'_ c ¢

dA,

1. Y Y
tan—" + tan—1

X X
Fy1-2 = 5 . —
2n («‘/1 X2 JI+XZ \T+72 JTF Y2)

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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26

perpendicular to a rectangular surface



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

ISO 7726-1985 (E)

Foon
0,25 :
0,24 AT 113
0,23 47 dA AR 4 ’
0,22 c 1
02117 24T ) 12
0,20 b [,
/i
o i e
0,18 // - c=17]
0,17 [/ // _ |
0,16 / 0,8—
/T
0,15 A 0T
0,14 A
0,13 7 0.6
0,12 1 / // 1 0a
/ gl
2'110 I ',/ // // ? ‘
/] / OL
0,09 94 B
0,08 ;
[/ 0,3
0,07:17/5': © 1A >
0,06 :1___1"5— N T o
0051 08 5RK /AN = 0.2
0,04 .0'50,6‘ N N N2 0,15~
0'03 0:3 0'4_ \\t‘t\:\:\»/ /'/ﬁ;/,//,l 011I—<
002} 0,2 RIS A =T 0.07
0,01} LB %S =05 0,05
0'00 ' == 0,03
1 A\
001 002/0,04 005 01 02030405 1 2 345 10 20001
1003
a/c
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Annex D

Measurement of the absolute humidity of the air

(This annex does not form part of this International Standard.)

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 reduceg-evaporatiomof-sweat-and-thts—constitttes-a-thermeat-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 brlef resumé of the main characteristics of humid air.

D.1 Therma-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 va:[our.
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.1.1 Absolyte humidity

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

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

D.1.1.1 Humidjty ratio

The humidity ratigp W, for a given'sample of moist air is the ratio of the mass of water vapour in the sample to the mass of dyy air in the
sampile :

... (24)

M,
W, = iY;
a

where
W, is the humidity ratio;

M,

., Is the mass of the water vapour;

M, 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 p, 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)

Pa

Wy = 061298 ——~ ... (25)

~ Fa
where
W, is the humidity ratio;

P, is the partial pressure of water vapour;

p is the total atmospheric pressure.

At saturafion point, these two values are known as the humidity ratio at saturation W, and the saturation pressure or saturated
vapour pressure p,.. :

The saturpted vapour pressure p, is connected to the absolute temperature 7 of the humid air mixture by a one tp one relationship.

D.1.2 Relative humidity

The valugs giving the composition of the air in terms of water vapour in relation{te the maximum amount it cgn 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, in humid air and the water| vapour saturation
pressure p,. at the same temperature and the same total pressure

o= ... (26)
pBS

The relative humidity is often expressed as a percentageétin’accordance with the following relationship :
RH =] 100 e.

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

D.1.3 Direct determination'of the thermo-hygrometric characteristics of humid air using 3
psychrgmetric chart

The main characteristics_of-humid air are usually grouped together in a chart known as a psychrometric chart fsee figure 9). The
coordinates of this chartare as follows :

a) o the x-axis, the air temperature #,, in degrees Celsius;

b} op the y-axis, right-hand side, the humidity ratio W;

¢) on the y-axis, left-hand side, the partial pressure of water vapour p, of the air expressed either in millimetres of mercury or
kilopascals.

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 = 105 N/m2 = 100 kPa.
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