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A B S T R A C T

In outdoor as well as indoor environments, human thermal sensation strongly depends on the direct component
of solar radiation incident on the body. Nevertheless, even though the direct component exerts the major
contribute on this issue, especially in indoor environments and confined spaces, the diffuse and reflected
components of the solar radiation also affects the thermal sensations of people. Despite this evidence, simple
and reliable methods designed to take into account the effect of solar radiation on the indoor radiant field
enveloping the human being in indoor environments are hardly available.

This article aims to provide a contribute on this topic, proposing a model for the computation of the mean
radiant temperature (MRT) in indoor environments in presence of solar radiation. The most innovative facet of
the proposed model regards the computation of the effects of the radiation components reflected by the internal
surfaces.

Moreover, in order to try a preliminary validation of the model, an experimental campaign was also carried
out and MRT values were measured in positions either directly irradiated by the sun or shielded from direct
irradiation. The purpose of the measurements was to preliminarily analyze the extent of the accuracy with which
the model might predict the rise of MRT due to solar direct irradiation.

1. Introduction

In both outdoor and indoor environments, human thermal comfort
is influenced by various factors (climate conditions, physiological and
subjective issues, etc.), which have combined and diversified effects on
human energy balance. Comfort and energy demand in buildings are
strongly interconnected and the achievement of high quality standards
involves an energy cost, which must be taken into account [1–3]. The
maintenance of the required environmental quality levels, as a matter
of fact, implies that a series of environmental variables should be
controlled within recommended values [4]; nevertheless, this approach
could not suffice in many actual cases, when comfort indexes [5],
parameters and variables should be accurately evaluated [6,7].

Among all these factors, radiative heat exchanges play a pivotal
role: in confined environments they contributes as far as 30% of the
whole thermal exchanges involving the subject [8], but in case of direct
solar radiation they can become the most significant cause of heat gain
and discomfort [9].

The mean radiant temperature, MRT, is one of the main factor used
to quantify the effect of the radiant field on human thermal response
[10]. This quantity plays a crucial role in both outdoor and indoor

situations and several studies have stressed the influence of this
variable on thermal comfort in urban settings [11], researching and
comparing reliable and feasible methods for its assessment [12–14] or
its measurement [15–18]. All these studies, moreover, consider solar
radiation as a key factor in the assessment of the mean radiant
temperature on the grounds that thermal comfort is highly dependent
on both long wave and short wave radiation fluxes from the surround-
ings.

In indoor environments, the influence of the mean radiant tem-
perature on thermal comfort is also well documented [19–23].
Moreover, in this case, MRT also influences the energy consumption
to a certain extent. The issue has been investigated, analyzing the
energy saving potential in a PMV-controlled space [24]. The results
suggested that energy consumption, in a thermal comfort-controlled
space, is strongly affected by a change in the mean radiant temperature
and that the thermal comfort control can be considered as a reasonable
strategy for both thermal comfort and energy saving purposes which, in
turn, are to become one of the main objective of the building industry
all over the world [25–28].

On balance, the accurate assessment of radiant field and MRT is the
key to achieving both comfort optimization and energy efficiency.
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However, also in indoor environments, both radiant field and MRT
are strongly affected by short wave and long wave radiation fluxes and
several experimental analysis have demonstrated that solar radiation is
a significant cause of discomfort to people [29].

Despite this evidence, there are few models [8,30,31] which allow
analytical assessment of MRT taking into account solar radiation.

This article aims to provide a contribute on this topic, proposing a
model for the computation of mean radiant temperature values, in
thermal moderate indoor environments, in the presence of solar
radiation. The most innovative facet of the proposed model regards
the computation of the effects of the radiation components reflected by
the indoor surfaces. Indeed, considering the various surfaces which, by
and large, the building envelope is composed of, these components
might have a considerable influence on MRT.

In order to further investigate on this subject, an experimental
campaign was also carried out using the globe-thermometer method
and MRT values were measured in positions directly irradiated by the
sun or shielded from direct irradiation.

2. The calculation of the mean radiant temperature of a
subject exposed to solar radiation: the proposed model

The proposed model is aimed at the calculation of the mean radiant
temperature (Tr) inside an indoor environment when the human
subject is exposed to direct, diffuse and reflected solar radiation.

It considers the human body totally surrounded by an enclosed
environment, so that, in this condition, if only radiative thermal
exchange are taken into account, the net flux leaving the human body
(QS) is equal to the flux exchanged for radiation among the human body

and the surfaces of the environment (Q )E S↔ which the subject is in.
That is [8,32]:

Q Q=E S S↔ (1)

According to the MRT definition (which is the uniform temperature
of an enclosure where the radiative flux on the subject, is the same as in
the actual environment [33]), it is now assumed that the environment
is an enclosure with an uniform temperature Tr ; it is also assumed that
the temperature of the human body is equal to the mean temperature
of its clothed surface, Tcl. In this case, the thermal radiative flow
exchanged between a subject and the surrounding surfaces of the
enclosed environment is given by [8,32]:

Fig. 1. Radiative exchanges between the environment and the human body.

Nomenclature

Ai area of the ith surface of the envelope [m2]
AE whole area of the surface of the envelope [m2]
Ap projected area of the subject onto a plain normal to the

direction of the solar beam [m2]
AS effective area of the human body exposed to radiation

[m2]
D globe-thermometer diameter [m]

T∆ rb contribution to the mean radiant temperature due to the
direct component of the solar radiation [K]

fp projected area factor
Fj i→ angle factor between the jth glazed surface and the ith

surface of the envelope
FS j→ angle factor between the subject and the jth glazed surface

of the envelope
hcg convective heat transfer coefficient [W m-2 K-1]
Ib direct solar radiation that strikes the subject [W m-2]
Ibh direct solar radiation on the horizontal plane [W m-2]
Idj diffuse sky radiation entering the room through the jth

glazed surface [W m-2]
Ih global solar radiation on the horizontal plane [W m-2]
Q S0 emitted flow [W]
QA S→ radiative flux emitted by the surfaces of the environment

[W]
QB S→ short wave solar radiant flux on the body surface, entering

the room through the glazed surface and due to the direct
radiation [W]

QD S→ short wave solar radiant flux on the body surface, entering
the room through the glazed surface and due to the diffuse
sky radiation [W]

QE S↔ flux exchanged for radiation among the human body and
the surfaces of the environment [W]

QS net flux leaving the human body [W]

QS abs, absorbed share of the thermal flow that reaches the
subject [W]

T t,a a air temperature [K, °C]
Tcl mean temperature of clothed surface [K]
T t,g g globe-thermometer temperature [K, °C]
T t,gd gd globe temperature, in not directly irradiated position [K,

°C]
T t,gb gb globe temperature, in irradiated position [K, °C]
Ti temperature of the ith surface of the envelope [K]
T t,r r mean radiant temperature [K, °C]
T t,rb C rb C, , calculated mean radiant temperature, in the presence of

the direct component of the solar radiation [K, °C]
T t,rb M rb M, , measured mean radiant temperature, considering the

effect of the direct component of the solar radiation [K,
°C]

T t,r C r C, , calculated mean radiant temperature [K, °C]
Trd mean radiant temperature, without considering the direct

component of the solar radiation [K]
Trd M, measured mean radiant temperature, without considering

the effect of direct component of the solar radiation [K]
Tr M, measured mean radiant temperature [K]
va air velocity [m s-1]

Greek symbols

α solar altitude [°]
αLW long wave absorbance of the human body
αSW short wave absorbance of the human body
εg emissivity of the globe-thermometer
εs emissivity of the human body
εE emissivity of the surfaces of the environment
ρi reflectance of the ith surface of the envelope
ρfloor reflectance of the pavement
σ Stefan–Boltzmann constant (5,67×10-8 W m-2 K-4)
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where σ=5.67×10-8 W m-2 K-4 is the Stefan-Boltzman constant; εs and
εE are the emissivities of the human body and of the surfaces of the
environment respectively; AS is the effective area of the human body
exposed to radiation (i.e. the area of the smallest convex surface that
contains the body); AE is the whole area of the surfaces composing the
environment envelope.

Provided that the subject is supposed to be much smaller than the
surrounding environment, the ratio A A/S E can be neglected; in this
case, the equation can be written as:

Q A ε σ T T= ( − )E S S S cl r↔
4 4 (3)

As far as the net flux QS is concerned, it is the net radiative energy
lost by the human body and, therefore, it can be evaluated as the
difference among the emitted flow, Q S0 , and the absorbed share of the
thermal flow, QS abs, , that reaches the subject. That is:

Q Q Q= −S S S abs0 , (4)

where, in turn, the long wave radiation energy emitted by the human
body, Q S0 (Fig. 1), can be assessed with the well-known equation:

Q A ε σT=S S S cl0
4 (5)

When the sun is not involved in the radiative exchanges, QS abs, , is only
due to the radiative flux emitted by the surfaces of the environment
(QA S→ ), but, when the sun enters the indoor environment which the
subject is in, its contribute to QS abs, can not be neglected.

In this case, the following contributes to QS abs, can be pointed out
(Figs. 1 and 2):

1. the long wave radiation energy emitted by the surfaces of the
environment and received by the subject, QA S→ ;

2. the short wave solar radiant flux on the body surface, due to the
diffuse sky radiation entering the room through the glazed surface,
QD S→ ;

3. the short wave solar radiant flux on the body surface, due to the
direct radiation entering the room through the glazed surface, QB S→ ;

4. the short wave solar radiant flux on the body surface due to the
reflections of both direct and diffuse radiation on the environment
surfaces, QR S→

Therefore, the absorbed share of the thermal flow, QS abs, , can be
written as:

Q α Q α Q Q Q= + ( + + )S abs LW A S SW D S B S R S, → → → → (6)

where αLW is the long wave absorbance of the human body, equal to the
emissivity ε =0.97s [34], αSW is the short wave absorbance and can be
assumed equal to 0.7 [35].

2.1. Long wave radiation energy emitted by the surfaces of the
environment and received by the subject

In the hypothesis that the internal surfaces of the building can be
considered as black bodies, characterized by an emissivity εi=1 and a
reflectance ρi=1-εi=0, the radiation coming from the surfaces of the
indoor environment may be computed by means of the relationship:

∑Q σA F T=A S S
i

N

S i i→
=1

→
4

(7)

where FS i→ is the angle factor between the subject and the ith surface of
the envelope andTi is the temperature of the ith surface of the envelope.

Following the Fanger theory [34], the angle factor between the
subject and the generic surface may be calculated under the hypothesis
that the shape of the subject is taken into account by means of the
projected area factors.

As a consequence, the angle factor is assessed by means of the

Fig. 2. Contributes to the absorbed share of the thermal flow, QS abs, , that reaches the subject.

Fig. 3. Geometric parameters referring to the configuration of a subject facing a
rectangular surface.
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following equation [34,36]:
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where, with reference to Fig. 3, a and b are the dimensions of the
rectangular surface, c is distance between the subject and the same
surface and f A A= /p p S, assessable by means of the models reported in
[34,37,38], is the projected area factor.

This latter characterizes the shape of the human body, depends on
the posture of the subject, the azimuth, α, the altitude, β (Fig. 3) and,
therefore, it depends on the discretization used for singling out the
surface dA in the numerical resolution of the integral.

The angle factors may be also assessable by means of the algorithm
reported in [36,39].

2.2. Short wave solar radiant flux on the body surface due to the
diffuse radiation from the sky

In the hypothesis that the diffuse radiation entering the room
through the glazed surfaces follows the Lambert’s law [32,40], the solar
radiation that reaches the subject can be evaluated by the following
expression:

∑Q A F I=D S S
j

N

S j dj→
=1

→

g

(9)

where FS j→ is the angle factor between the subject and the jth glazed
surface of the envelope, Idj is the diffuse sky radiation after crossing the
jth glazed surface, Ng the number of glazed surfaces. The calculation of
the angle factors, which is of fundamental importance for the determi-
nation of this term, may be realized by means of some analytical or
experimental methods [36,40,41].

2.3. Short wave solar radiant flux on the body surface due to the
direct radiation

The contribution of the direct radiation to the human body’s
thermal balance is:

Q A I f A I= =B S p b p S b→ (10)

where Ap is the projected area of the subject onto a plain normal to the
direction of the solar beam, fp is the projected area factor, and Ib is the
direct radiation that strikes the subject.

2.4. Short wave solar radiant flux on the body surface due to the
reflected radiation

When the short wave radiation (wavelength < 2 µm) is considered,
the hypothesis of black body behavior regarding the internal surfaces of
the building is not feasible [35]; therefore the reflected component of
the radiation should be taken into account.

Hereby, as regards the diffuse component, its reflection, QR S→D , on
the internal surfaces may be assessed as follows (Fig. 4):
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where N is the number of surfaces surrounding the subject, ρi is the
reflectance of the ith surface of the envelope, Fj i→ is the angle factor
between the jthglazed surface and the ith surface of the envelope.

Eq. (11), evidently, considers only the first reflection of the solar
radiation on the opaque surfaces of the envelope, while assumes as
negligible the effect of the multiple reflections among surfaces on the
subject’s thermal balance.

For the reciprocity relationship of the view factors:

F A F
A

=i S
S S i

i
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→

(12)

A F A F=j j i i i j→ → (13)

So that Eq. (11) can be written as:
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On the other hand, as far as direct radiation Ib is concerned, when it
shines on the subject, also a portion of the floor surface is irradiated at
least; if Ibh is the direct solar radiation on the horizontal plane and if the
reflected radiation is assumed to be distributed on the lowest half of the
exposed portion of the body [30], the contribute, QR S→B , to the radiant
flow investing the subject due to the floor reflections of the direct
component (Fig. 5) may be assessed as follows:

Q A ρ I=0, 5R S S floor bh→B (15)

where ρfloor is the reflectance of the pavement and Ibh is the direct
radiation that strikes the horizontal surface of the pavement.

Following the indications reported in [30], ρfloor , which, by and
large, assumes the values of 0.3, can be increased up to 0.5, to take into
account the effect of the long wave radiation generated by the local
heating of the portion of the floor surface illuminated by the directed
solar beam.

Finally, the contribution of the direct radiation to the human body's
thermal balance is:

Fig. 4. Short wave solar radiant flux on the body surface due to the radiation diffuse
from the sky, crossing the windows, and reflected by the interior walls.

Fig. 5. Short wave solar radiant flux on the body surface due to the floor reflections of
the direct component.
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2.5. Mean radiant temperature

By applying Eq. (1) and by utilizing Eqs. (3)–(6), we obtain:

A ε σ T T A ε σT α Q α Q Q Q( − )= − − ( + + )S S cl r S S cl LW A S SW D S B S R S
4 4 4

→ → → → (17)

That yields:

T α Q
A ε σ

α Q Q Q
A ε σ

= + ( + + )
r

LW A S

S S

SW D S B S R S

S S

→ → → →
4

(18)

Considering Eqs. (7)–(9) and (15) and assuming that, on the basis
of Kirchoff’s law, α ε=LW S:
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(19)

where f A A= /p p S is the projected area factor.

3. Preliminary experimental validation of the model

In this preliminary phase, the experimental measurements, carried
out in the period July-August 2015, were designed in order to analyze
the effect of the direct solar component on the mean radiant tempera-
ture and to validate the predictions of the proposed model in this
regard. Specifically, the term T f I ρ I∆ = ( +0.5 )rb ε σ p b floor bh

4 αSW
S

of Eq. (18) is

the object of the investigation.
In order to reach this aim, mean radiant temperature values were

measured and compared with the ones calculated by means of the
proposed method.

To measure the mean radiant temperature, the method of the
globe-thermometer was used [33].

Fig. 6. Procedure used for model validation.
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In this case the mean radiant temperature is assessed by means of
the equation:

T T
h
ε σ

T T= + ( − )r M g
cg

g
g a,

44
(20)

where Tg and Ta are respectively the globe-thermometer and the air
temperature, εg is the globe emissivity and hcg is the convective heat
transfer coefficient, which is assessed as the maximum of the two
values calculated by means of the following equation:

h
T T

D
=1. 4

−
cg

g a4
(21)

h
v

D
= 6. 3

cg
a
0.6

0.4 (22)

where D is the globe diameter (m) and va (m/s) is the air velocity.
The experimental campaign was structured on the basis of the

following considerations: two globe-thermometers were used; the first
one was located in a position directly irradiated by the sun, the second
one was located as close as possible to the first one, but in a position
not irradiated by the direct component of the solar radiation.

Consequently, two measured mean radiant temperatures were
obtained: Trd M, , at not directly irradiated position, and Trb M, at irradiated
positions.

The difference between the two measured values can be assumed to
be only related to direct radiation as long as the following conditions
are verified:

1. the environment is symmetric, regular and the two measurement
points are very close to each other, so that the effects of the diverse
view factors in the two points can be neglected;

2. the diffuse radiation (both the one directly shining on the globe from
the window and the one formerly reflected by the walls of the room)
is not shielded in either measurement position and hence it is always
present.

These conditions are largely verified in the room where the
measures were carried out and therefore, the two mean radiant
temperature Trd M, and Trb M, , assessed by means of the globe-thermo-
meter, can be assumed to differ only for the term related to the direct
radiation, T∆ rb

4 , where:

T α
ε σ

f I ρ I∆ = ( +0. 5 )rb
SW

S
p b floor bh

4

(23)

Therefore, the reliability of the proposed model in predicting the
effect of the direct component of solar radiation may be tested
comparing the measured value Trb M, with the one calculated by means
of the equation:

T T T= + Δrb C rd M rb, ,
4 44 (24)

or, with a greater detail:

T T α
ε σ

f I ρ I= + ( +0. 5 )rb C rd M
SW

S
p b floor bh, ,

4
4

(25)

As a matter of fact, the smaller the difference between the two
values Trb M, and Trb C, is, the more reliable the proposed model proves to
be in taking into account the direct component of solar radiation.

Indeed, to allow the application of Eqs. (20) and (24), the needed
environmental parameters (i.e. air temperature, air velocity solar
radiation) were also measured.

As far as solar radiation is concerned the global radiation on the
horizontal plane, Ih, was measured; to assess the direct component, Ibh,
the method of Reindl et al. [42] was exploited. The direct normal
radiation, on the other hand, was calculated by means of the equation:

I I
senα

=b
bh

(26)

where α is the solar altitude.
To sum up, the following parameters were measured: air tempera-

ture (ta), air velocity (va), global solar radiation on the horizontal plane
(Ih), directly irradiated globe temperature (Tgb), not-directly irradiated
globe temperature (Tgd); whereas, by means of the Eq. (20) the directly
irradiated (Trb M, ) and not-directly irradiated (Trd M, ) mean radiant
temperature were assessed.

On the other hand, using Eq. (24), the directly irradiated mean
radiant temperature (Trb C, ) was also assessed. In this case, the following
assumptions were made:

1. α =0. 70SW (dimensionless);
2. ε =0. 97s (dimensionless);
3. σ=5. 67×10−8 W

m K2 4 ;

4. f = × =0. 25p
πD

πD4
12

2 , being the projected area factor of the globe-
thermometer (dimensionless);

5. ρ =0.5floor , taking into account the effect of the long wave radiation
generated by the local heating of the portion of the floor surface
illuminated by the directed solar beam (dimensionless).

The whole procedure is summarized in Fig. 6.
The measures were carried out inside an indoor environment

located at the second floor of a building sited in Reggio Calabria
(38°06′37″North Latitude, 15°39′40″Est Longitude).

The room has only one external wall which is East facing and
equipped with a window 1.50 m large and 2.40 m high.

The specifications of the measurements (date, time, room, sampling
rates) are reported in Table 1.

3.1. Experimental apparatus

The experimental apparatus is a monitoring system consisting of a
set of probes measuring the environmental parameters, connected to
the programmable data-logger LSI Babuc A.

The used probes are:

1. two globe-thermometer BST131;
2. a hot wire anemometer BSV101;
3. a psychrometer BSU102;
4. a pyranometer BSR153.

The experimental apparatus is depicted in Fig. 7 and the technical
characteristics of the probes are reported in Table 2.

As far as the air velocity measurement is concerned, it is worth
noting that an unidirectional hot wire anemometer was used.
Nevertheless, the particular environmental conditions make the con-
sequent error ineffective in influencing the mean radiant temperature
values.

As a matter of fact, the room where the experimental campaign was
allocated has no mechanical ventilation equipment and no air con-
ditioning system at all. The air flux regime is ruled by natural
convectionand the involved air velocities assume very low value (lower
than 0.07 m/s) for the whole time.

This fact is true in all the space directions and was verified at the

Table 1
Specifications of the measurements.

Day Measurement duration Sample rate (min)

8th- July 7:00–10:30 5
9th- July 7:00–10:30 5
10th- July 7:00–10:30 5
23rd- August 7:00–10:30 5

C. Marino et al. Journal of Building Engineering 9 (2017) 42–51
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beginning of the experimental campaign measuring, for limited periods
of time, the air velocity by positioning the hot wire sensor along with
the three spatial directions.

As a consequence, the convective heat transfer coefficient hcg,
involved in MRT assessment, is always calculated by means of Eq.
(21) where there is no dependence on air velocity.

In other worlds, owing to the features of the natural convention
regime characterizing the air movement inside the studied room, the
mean radiant temperature does not depend on the air velocity; there-
fore, the measure of this parameter with the hot wire anemometer was
only used to verify the persistence of the described conditions and the
consequent error was assumed as negligible, having no influence on the
final result which is the calculation of the mean radiant temperature.

However, it should also be highlighted that the used probe is
designed to respond to plane omnidirectional air flow which arrive on
the hot wire from any directions within 300°.

As a consequence, only the component having the same direction of
the hot wire might be lost and, owing to its small value, the correlated
error can be assumed as negligible.

3.2. Experimental results

The results of the measurements are reported in Figs. 8–10. In this
regard, it is worth noticing that the measures were always terminated
when, because of the combined effect of time and shadows due to the
building structures, the condition Ih < 50 W/m2 was verified, which

Fig. 7. Experimental apparatus.

Table 2
Technical characteristics of the probes.

Measured parameter Probe type Probe code Measurement range Accuracy Response time

Air temperature Psychrometer BSU 102 −5...+60 °C 0.10 °C 1.5 min
Air velocity Hot wire anemometer BSV 101 0.01...20 m s−1 0...0.5 m/s 0.01 s
Globe temperature Globe-thermometer BST 131 −40...+80 °C 0.15 °C 20 min
Radiation Pyranometer BSR 153 0...2000 W m−2 < 5% < 30 s

Time

Fig. 8. Measured air temperature.

Time

Fig. 9. Measured solar radiation on the horizontal plane.

Time

Fig. 10. Mean radiant temperature.
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happened after 10:30 on average.
During all the measures, however, the global solar radiation on the

horizontal plane never exceeded 750 W/m2, which was reached in the
morning of the 8th and the 10th of July.

As expected, on the other hand, while the mean radiant tempera-
ture measured at points not directly irradiated by the sun, Trd M, , is
slightly affected by solar radiation, the mean radiant temperatures
measured in correspondence of directly irradiated positions, Trb M, ,
rising up to 65 °C and over, appear to depend on the global solar
radiation to a large extent.

4. Comparing model predictions with experimental data

A comparison between the two mean radiant temperature trb M, and
trb C, , respectively measured and calculated by Eq. (24), is reported in
the following figures.

Precisely, in Fig. 11 the time trend of the two parameters is
depicted, whereas Fig. 12, showing the distance among measured
and calculated values, allows the appraisal of the accuracy of the
proposed model in predicting the effect of the direct component of
solar radiation.

The analysis of the data shows that the calculated values are fairly
consistent with the completely measured ones. Therefore, from these
preliminary results, the term T∆ rb

4 seems to predict the effect of the
direct component of solar radiation rather suitably.

The differences also noticeable can be presumably attributed to the
fact that the contribute of the diffuse solar radiation is not completely
uniform as, on the contrary, it was assumed in order to assess trb C, by
means of Eq. (24).

Moreover, it must be highlighted that the inertia of the probe could
also have a role in causing the differences among measured and
calculated values.

Nevertheless, it is also worthy of note that both the model and the
experimental results seem to follow similar time trends (Fig. 11) and,
therefore, the effect of the probe could be effective only to a limited
extent. This could be justified by the fact that 5 min average experi-
mental values were used in the comparison phase, so that the effect of
rapid changes in the radiation fluxes are inevitably smoothed [18].

Furthermore, at the beginning of every measurement, the data
sampling started only after the probe had been exposed to solar
radiation for about fifteen minutes at least, so that the experimental
results, which were considered for comparison purposes, were not
affected by the initial and probably not negligible transitory phenom-
ena.

However, with a view to clarifying this aspect, the future develop-
ment of the research are being planned in this direction, involving
probes with smaller diameter ( < 40 mm).

On balance, however, at the current stage of the research, the
proposed model seems to predict adequately the mean radiant tem-
perature value in presence of solar radiation, and this fact appears to
justify further investigations aimed at the measurement of all the
radiation components in order to reach a decisive response on this
matter. In this direction the future development of the research is
planned.

5. Conclusion

The purpose of this paper is to propose a reliable and feasible
relationship for the evaluation of the mean radiant temperature for a
human subject placed in a confined environment, and irradiated by
solar radiation, direct, diffuse and reflected as well.

The application of the proposed algorithm, which allows to take into
account the time and space variations of the climatic conditions
defining the radiant field, requires the acquaintance with a series of

Fig. 11. Time trend of the measured mean radiant temperature, trb M, , and the calculated mean radiant temperature, trb C, , for a subject directly irradiated by the sun.

Fig. 12. Comparison among the measured mean radiant temperature, trb M, , and the

calculated mean radiant temperature, trb C, , for a subject irradiated by the sun.
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parameters which are definitely assessable: the temperatures of the
internal surfaces of the environment; the angle factors among the
opaque and glazed surfaces of the environment and the subject; the
rate of the diffuse and direct solar radiation entering the room through
the glazed surfaces; the reflection coefficients of the indoor surfaces to
solar radiation; the angle factors among the glazed and the opaque
surfaces of the environment; the projected area factors of the subject in
the solar beam direction.

To sum up, the method is designed to realize a detailed evaluation
of the mean radiant temperature which can be, in turn, exploited for
thermal comfort optimization and energy efficiency purposes, allowing
an optimal sizing and management of systems within the constraints
defined by the comfort conditions.

Moreover, in order to try to investigate the real effects of solar
radiation, a series of experimental measures were carried out. They
were specifically designed to analyze the effect of the direct solar
component on the mean radiant temperature and to validate the
predictions of the proposed model in this regard. As expected, the
mean radiant temperature proved to be highly affected by solar
irradiance and the proposed model seems to predict this behavior
rather satisfactorily.

As a matter of fact, notwithstanding the inertia of the probe could
have a role in causing the detected discrepancies, the model predictions
and the measured data follow similar time trend and the differences
among the calculated and measured values are relatively small. This
behavior could be explained on account of the fact that 5 min average
experimental values were used in the comparison phase, so that the
influence of the time variability of the radiative flux is reduced.

In conclusion, the described preliminary experimental results show
that the proposed model seems to predict adequately the mean radiant
temperature value in presence of solar radiation, albeit particular
occurrences seem to prove the need of further investigation on this
topic. In this direction the future development of the research is
planned.
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