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Pozensnymo eénnue zeomempuvHux napamempis npumiuieHvb ma
GIKOMHUX NPOPI3ie Ha eeuvuny KoediuicHma npupoorozo oceimiuen-
na (KII0) ¢ pospaxynxosii mouui na pooouiii nosepxui. Ile eascauso,
momy wo npu euxopucmanni window-to-floor ratio ma window-to-wall
ratio cnocmepizaemvca 3nauna noxuora. Tomy icuyromo 06’cxmueni
mpyonowi 3 yuidixauiero pesyaomamie docnioicenv edexmuenocmi
00%06020 NPUPOOH020 0CEIMACHNA, AKI 0OYMOBICHI BNIAUCOM POIMIPIE
npumimenns na snauenns KIIO 6 pospaxynxosiii mouui na podouii
nogepxi.

Buxopucmanns euweseadanux xoeivicnmie 0ns ouinku epexmue-
Hocmi 60K06020 NPUPOOHO20 0CEIMNECHHA NPU3IEO0UMB 00 MO20, WO NPU
cmanomy 3nanenns xoedivyienma, eeaununa KIIO mooce 6iopisnamu-
cs 6 dexinvia pa3s. Ile 3ymosaeno mum, wo niowa 6iKoHH020 NPopizy
He 610nosioac naowi 3acKaeHts, uepes ke 0enHe C6IMa0 NPoxoounts
¢ cepeduny npumiwenns. Ilnowa npumimenns ne eionosioae naouii
P0060407i nosepxii, na AKI nompioHo 3ade3newumu HOPpMOBANY 0CEim-
JleHicmo, a po3MIpu K npuminienns, max i po6ouoi noeepxui, 63azai
He 8paxosyromvcs Hi 6 WWR, ni ¢ WFR.

3anpononosano euxopucmosyeamu 3eedenuil iHOeKC 3acKaeH-
Ha npumimennus (31311). Bin epaxosye ne minvku naouly 3acKaeHHS
8IKONH020 NPopPi3y, ane U po3mipu ma naouy podouoi nogepxui. Ile dae
MOJCIUBICD BUKOPUCMOBYEAMU Pe3yTomamu 00Cai0NHceHb edexmus-
HOCMi npupoono2o oceimaenis 6e3 npue’a3Ku 00 KOHKPEmMHux po3mipie
npumiwenns. 3a 00nomo2010 npozpamu Relux pospaxosano snanwenns
KIIO ¢ po3paxymnxosiit mouui 01 npuminienv pizHux posmipie 3 piznoio
NnJI0uer0 3acKIeHHs 8iKOHHO020 NPOPi3y i ompumano 3anedxcricms KIIO
610 3I3II. B pesynvmami anpoxcumauii 0anoi 3anelcHocmi ompumano
PIBHANNSA, SIKe ONUCYE B3AEMO36°A30K MINC OAHUMU BETUMUHAMU.

Jlnsa eusnavenns naouii 6iKon020 npopisy, npu axii 6yode saéesne-
yeno neoodxione snavenns KIIO ¢ pozpaxynxosiii mouyi, pozpoénero
anzopumm, AKUIl 8PAX08YE K WUPUHY HENPO3OPOT HACMUHU BIKOHHO-
20 npopizy, max i 1ozo nponopuii. Ompumanuii HayKo8u pe3yromam
y eueaadi 31311 ma anzopummy po3paxynxy niowi 6iKkonHnozo npopi-
3Y € yiKasum 3 meopemuunoi mouxku 30py. 3 NPaxmuuHoi MouKu 30py
ompumani pezyavmamu 003601810Mb PO3PAX0BYEAMU MIHIMATLHY
nAOWY 3ACKNEHHA BIKOHHO20 NPOPI3Yy 05 3ade3neveHHs HOPMOBAHO-
20 3nauenns KITO 3 cmandapmuum eioxunennam 0,894, cnuparowuco
euxouno Ha posmipu npumiwenns. Ile cxnadae nepedymosu oas
BUKOPUCMAHHA OMPUMAHUX Pe3YTbMAMié npu po3pooui oydiseavHux
HOpMamueHux 00KymeHmie

Kmiouoei crosa: eixonnuil npopis, npupoone oceéimaenis, xoegiui-
€HmM npuPoOH020 0CEIMACHHA, 36e0eHULL THOCKC 3ACKIICHHA NPUMILEHHS
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1. Introduction

At present, while addressing the issue of lighting build-
ings, attention is focused on the use of artificial light sources,
which, according to the International Energy Agency, make
up about 19 % of the world’s total energy consumption.
Electrical lighting of rooms still prevails in creating light
space. In many buildings, natural light is barely noticeable,
even on the most clear and sunny days. Effective norms of
natural lighting of buildings are available only in European
countries. In the EU, natural lighting is obligatory only in
Slovakia and the Czech Republic.

And this at a time when it is possible to design buildings
filled with sunlight, which provides not only visual com-

fort and health effects on the person but also guarantees
the economy of electricity. The sun has a solid spectrum
of radiation and the best colour reproduction. The colour
temperature of its radiation varies from 6,000 K at noon to
1,800 K at dawn and at sunset. Under normal conditions,
artificial lighting in rooms is much lower than natural light-
ing, even in the gloomiest weather. For example, the levels
of horizontal illumination in rooms without daylight are
within 100-500 lux. Natural light even on the darkest day
is at a level from 1,000 to 2,000 lux or more. In a clear sunny
morning, this figure in the open air rises to 100,000 lux.
The most common way of introducing sunlight into a
room is to use a lateral lighting system. Therefore, studying
the parameters that affect the efficiency of natural sidelight,



mailto:vitaliy.burmaka@gmail.com
mailto:tarasenko_mykola@ukr.net
mailto:kozakateryna@gmail.com
mailto:homyshyn@gmail.com

especially on the background of the total use of modern en-
ergy-efficient windows, remains important.

Nowadays, there are problems of how to unify recom-
mendations regarding the area of a window opening (WO)
to ensure maximum efficiency of natural light in rooms of
arbitrary dimensions. This is due to the fact that the use
of the window-to-floor ratio (WFR) and the window-to-
wall ratio (WWR), in comparison with the effectiveness
of natural light, leads to significant errors. They are caused
by the influence of the size of rooms on the daylight factor
value and the fact that, when using these factors, the area
of the opaque parts of the window sill and the areas of the
rooms where the normalized illumination are not required
to be taken into account. Against this background, tests on
determining the effect of individual geometric parameters
of buildings and WOs on the value of the daylight factor
(DF) and on the search for a composite room glazing index
(CRG]I) are essential.

2. Literature review and problem statement

According to [1], the use of daylight helps save up to 2/3
of electric energy by reducing the cost of artificial lighting.
The data were obtained on the layout of a room reduced
50 times to specific dimensions. For rooms with other di-
mensions, the results obtained cannot be applied.

In [2], heat loss studies were conducted for a WO and
electricity consumption to remove the heat that enters it.
However, the definition of the optimal area of a WO, in terms
of daylight, for office space, remains unconsidered. In [3],
the optimal value of the WFR for several rooms of different
shapes and areas was investigated. The disadvantage of the re-
sults is that for the rooms of different sizes, the optimal value
of the WFR is different, that is, the results obtained are valid
only for the same rooms that were selected for the research.
In [4], the study concerned the effectiveness of using natural
lighting of academic rooms. However, because there is no val-
ue that allows comparing the DFs of rooms of different sizes,
the results of these studies can be used only for specific cases.

In [5], it is argued that the area beyond 6 m from a win-
dow can only be considered as “partially lit” by natural light,
that is, it requires additional artificial lighting for a long
time. However, attention is not paid to the effect of the width
of the room on the level of daylight.

In [6], it is emphasized that in relation of the height of
the room to its width of 1:1, the energy efficiency of using
natural light is lower than that in the same area but with a
proportion of 1:3. The difference in energy consumption is
15 % of the total energy use for lighting. At the same time,
the dependence of the DF on the size of the rooms is not
considered.

In [7], the dependence of the DF on the relative area of
the WO in the external enclosing structure (EES) in which
it was installed was established. It has been determined that
the optimum area is within the limits of 20—40 %. However,
the proportions of the WO were not taken into account.
Paper [8] also considered issues regarding the effectiveness
of natural light, but, as in the other cases, only certain di-
mensions of both WOs and rooms were selected. Although
according to [9] they have a significant effect on the DF
value in the reference point (RP) on the work surface (WS).

Neither the optimal depth of the room nor the relative
area of the WO in the EES was specific in the studies; they

were set just as a range of values. In this case, the depth of
the rooms was not the same for all studies, and the relative
area of the WOs was in a large interval of values. This is the
basis for conducting studies related to determining the value
at which the same values of the DF in rooms of different sizes
with different glazing areas will be provided.

It is worth noting that in 2006 the scientific community
came to the conclusion that the methods of determining the
DF value, which are given in DBN B.2.5-28-2006, are obso-
lete [10, 11]. A large number of free, high-precision programs
for calculating natural light have been developed at present;
their validity was verified by real measurements in [12, 13].
The calculation of the DF values given in this article was
carried out using the Relux program.

3. The aim and objectives of the study

The aim of the study is to determine the parameter that
would help unify the results of researching natural lighting
of rooms of different sizes. From a practical point of view,
the result will determine the area of the WO with which the
standardized value of the DF will be provided using only the
size of the room.

To achieve this aim, the following objectives were solved:

— to determine the dependence of the standardized value
of the DF on the size of the room, its area and proportions
of the WO;

— to estimate the expediency of using the relations of the
WO area to the internal area of the enclosing structure (ES)
in which it is installed (Swo/Sgs) and of the WO area to the
area of the room (Swo/SRr) in the study of the effectiveness
of natural lighting in rooms of different sizes;

—to study the possibility of determining the area of a
single-section WO at which the normalized value of the DF
can be ensured, using only the dimensions of the room.

4. Materials and methods of studying the influence of the
room size as well as the area and proportions of window
openings on the value of the DF

4. 1. Methodology for determining the reference point
when calculating the DF

At the beginning of the tests on the impact of the room
size and the WO on the value of the DF, it is necessary to
determine the requirements and rules for its calculation.
In accordance with the current normative document DBN
V.2.5-28-2006, there are two options for selecting the RP:
1 — in the most remote point of the WS from the middle of
the WO; 2 — in the middle of the room at a distance of 1 m
from the wall opposite to the WO. The second option may
lead to non-compliance with the regulatory requirements
because, when choosing a typical section located in the mid-
dle of the room, the width of the room has little impact on the
DF value in the RP. That is, the existing definition of a typi-
cal section of a building is controversial in the requirements.
It is also necessary for it to be placed in the middle of the
room so that it could include areas with the largest number
of workplaces and workstation points, the most distant from
the WO. Taking into account the above-mentioned obser-
vations for lateral illumination, the following definition is
proposed. A typical section of a room is a section A-A whose
plane is perpendicular to the plane of the WO and passes



through the most remote point of the work surface C from
the centre of the light slot (Fig. 1).
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Fig. 1. The scheme of a room 4x4 m in size and with
a WO area of 6 m?

Fig. 1 includes the following designations: A-A — the
plane of the characteristic section of the room for calculating
the DF; dg — the depth of the room, m; Iz — the width of the
room, m; drp — the depth of the reference point, m; dgp — the
distance from the axis of symmetry of the WO to the refer-
ence point, m.

4. 2. Test materials and means used in the research

According to DBN B.2.5-28-2006, which complies with
European standards DIN EN 12464-1:2011-08, extra natu-
ral lighting is standardized with the minimum values of the
DF. Therefore, the RP for determining it is selected in the
most remote point of the WS, which is located at a distance
of 1 m from the wall opposite to the WO.

For research purposes, rooms were chosen with the fol-
lowing dimensions (widthxdepth): 4x4 m (Fig. 1); 4x5m;
4x6 m; 4%x7 m; 54 m; 5x5m; 5x6 m; 5%7 m; 6x4 m; 6x5 m;
6x6 m; 6xX7 m; 7x4 m; 7x5m; 7x6 m; 7x7 m; 8%4 m; 8x5 m;
8x6 m; 8x7 m; and the heights

a) room hr=3 m;

b) the work surface /yws=0.8 m.

The location of the WO affects the DF value due to the
different brightness of a cloudy sky, according to DBN V.2.5-
28-2006 (DIN EN 12464-1:2011-08). Therefore, the centres
of the weights of the selected WOs were registered in one
point W, which is located in the centre of the EES site, above
the level of the WS (hws) (Fig. 2).

Fig. 2. The appearance of the enclosing structure with
a rectangular window opening area: @ — 1 m% b — 6 m?

The area of all treated WOs varied from the minimum pos-
sible, recommended by DSTU B B.2.6-23:2009 (ISO 21930),
the value of Swomax=0.12 m2, up to the maximum permissi-
ble Swomax=6 m?, for a single-section blind, light-transmit-
ting external enclosing structure (LTEES). The proportions
of the WO were determined by the accepted dimensions: the
height of the room — Ag=3 m, the height of the work surface —
hws=0.8 m, and the maximum area of the LTEES, with the
expressions: width

IWO:SWOmax/(hR_hWS):6/(3_0'8):2-73 m;
height
/’lWOZSWOmaX/lWOZG/Q‘7322‘2 m.

Thus, all the WOs considered had the proportions of
(lwo/hwo)22.73/2.2.

5. Results of studying the influence of geometric
dimensions of rooms and WOs on the value of the DF

According to [14], the area of the glazing, profile and
foaming of the WO of a rectangular shape of different areas,
with a width/height ratio of 2.73/2.2 was calculated. The
calculations were made for rooms the parameters of which
comply with the requirements of the current normative doc-
uments of Ukraine: DBN V.2.5-28-2006 (DIN EN 12464-
1:2011-08), DSTU B V.2.6-23:2009 (ISO 21930), and DBN
V.2.6-31:2016 (ISO 91.120.10). According to them, the
selected values of the height of the room, the thickness of its
walls, and the reflection coefficient of the interior surfaces of
the enclosing structures (Table 1).

Table 1
The estimated parameters of the rooms
. Coefficients of ceiling/
Parameter | Height, m Thickness of wall/floor reflection,
the walls, m .
rel. units
Value 3 0.38 0.7/0.5/0.2

For research purposes, the PROLINE profile was select-
ed with a single-section glass pane of 4—16—4, which has the
highest transmittance of solar radiation (0.8). According to
the above data, Relux program calculated the value of the
DF in the RP for rooms of selected sizes with the parameters
given in Table 1. WOs with an area of 0.12—6 m? were con-
sidered, and the thickness of the non-transparent part was
calculated in accordance with [14]. The DF was calculated
according to the algorithm for determining global illumina-
tion (Radiosity). The error in calculating the DF by this al-
gorithm is 7 % [15]. Based on the results of the calculations,
corresponding graphic dependencies were constructed; they
are presented in Fig. 3.

Fig. 3 shows that with the same area of rooms of 20 m?
(4x5 and 5x4) with a WO area of 6 m?, the values of the DF
differ 1.387 times (Fig. 3, pts. A and B). With the increase
in the width of a room with an area of 3 m?, 1 m (from 5x4
(20m?) to 6x4 (24m?)), the value of the DF decreases
1.03 times (Fig. 3, pts. C and D). While with an increase
in depth by 1 m (from 6x4 to 6x5), in order to provide the
value of the DF by a maximum of 1.026 times, it is necessary



to increase the area of the WO by 2 m? (Fig. 3, section D-E).
Thus, in order to compare the DF values of rooms of different
sizes, it is necessary to consider not only their areas but also
their geometric sizes.
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Fig. 3. The dependence of the DF on the area of the WO for

rooms of different sizes

In studies [1, 2, 4, 6-9], the window-to-
wall ratio (WWR), that is, the ratio of the A

To construct graphic dependencies (Fig. 4), the study
uses the data obtained in determining the dependence of the
DF in the RP on the area of the WO in the EES (Fig. 3).

As can be seen from Fig. 4, in both cases the graphs are sim-
ilar. However, the WFR (Fig. 4, b) is more appropriate to use
to compare the effectiveness of natural light since it takes into
account not only the area of the WO but also the area of the
room. In turn, the WWR is more appropriate to use for com-
paring the thermal insulation properties of the WO because it
takes into account only the relative area of the WO in the EES.
When comparing the values of the DF with the same values of
the WFR for rooms of different sizes, the data may differ several
times. The reason for this is the lack of parameters that would
take into account the width and depth of a room as integral
parts. This indicates the feasibility of studying the effect of
room size on the change in the value of the DF in the RP.

In accordance with [9], the proportions of the WO affect the
value of the DF in the RP, so it is worth checking whether the
DF varies depending on the proportions of the WO in rooms of
different sizes. For this purpose, rooms of 6x5 m and 4x5 m, with
a WO area of 2 m? and with parameters of Table 1 were investi-
gated. The ratio of the height to the width of the WO (Fig. 5, a)
and the width to the height of the WO (Fig. 5, b) varied from 1
to 4, in step 0.1. DF calculations were carried out in the Relux
program. In accordance with Fig. 5, with the same area and pro-
portions of the WO, the DF varies in different ways in rooms of
different sizes. This is explained by the fact that when the size
is changed, the location of the RP relative to the WO is shifted.
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WO area (Swo) to the internal area of the (g - PPN 0.61 —
enclosing structure Sgs in which it was in- 1 T N e
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can be seen from Fig. 4, a, for different sizes *‘7 R I */ s ’ LN A
of rooms, the DF values become different 037E“F GrH 0.3 IO . I A
with the same value of the WWR. There- 0.2 0.2
fore, in terms of providing a standardized ¢ % 0.1 Do
DF, the WWR cannot correctly characterize 0 0.0 h;/o
the required area of g]azing or the WO. In 1.0 1.5 20 25 3.0 35 4.0 1.0 15 20 25 3.0 35 40
eastern European countries, such as Ukraine, a b
Belarus, Russia, etc., the light factor (LF) is Room dimensions (m):

- A~ — OX5; —e— —4x5,

defined as the ratio of the area of the WO to
the floor area of the room (Sg). In English
literature, the LF is referred to as the win-
dow-to-floor ratio (WFR).

Fig. 5. The dependence of the DF value on the ratio of: @ — the WO height
to the width; 6 — the WO width to the height in rooms of different sizes,

with the WO area of 2 m?2
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increases. This indicates that for dif-
ferent sizes of rooms, the nature of the
change of the DF relative to the pro-
portions is not synchronous.
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Fig. 4. The dependence of the DF value on:
a— the WWR (Swo/ Sks); & — the WFR (Swo/ SR)

of different sizes by the value of the
DF. However, this coefficient takes into
account the area of the room, so it was
taken for further analysis.

—8x7.



Since the light-transmitting element of the WO is glaz-
ing, instead of the area of the WO it is more correct to take
into account the area of the WO glazing (Sgp) [14].
The standardized value of the DF must be provided
for the RP, but not on the entire area of the rooms
(Fig. 1). Therefore, instead of the area of the room,
it is more logical to take into account the area of
the WS.

It should be borne in mind that the representation
of the average sky is based on a number of assumptions.
First, it is assumed that it is homogeneous, that is,
cloudy, or clouds are distributed evenly throughout
the sky. Secondly, it is considered isotropic, that is, it
has the same physical properties in all directions. It
is known that random cumulus clouds on a clear sky
do not fit this assumption. However, given that the
distribution of brightness in such cases is arbitrary, it
makes no sense to consider it separately [16]. From the
foregoing, it can be concluded that the distribution of
the DF on the WS in width of the room is symmetric
with respect to the axis of symmetry of the WO. Therefore,
the area of the WS can be defined as a double product of the
depth of the RP (drp) at a distance from the axis of sym-
Inetry of the WO to the RP (ZRP) (SWS=2’dRp’lRp) (Flg 1)

Natural light is normalized by the smallest value of the
DF on the WS, which, as a rule, at designing corresponds
to the value in the most remote point of the WS, which is
taken as a RP. This means that with an asymmetric WS
on a site that is located at a lesser distance from the WO,
there will be a DF larger than in the RP. Therefore, the
analysis must take into account the most remote point of
the work surface (Fig. 1, pt. C) from the centre of the WO
(Fig. 1, pt. B).

From the foregoing assertions, it is expedient to use the
Scr/Sws ratio instead of the WFR. To reduce the calcula-
tion error, it is necessary to take into account not only the
glazing area and the WS but also the size of the WS. For this,
the Sg1/Sws ratio is multiplied by the function of the index
of coordination of the WS (1):

f(ic.ws) = f(2'lRP /dRP)' @

In the search for the function of equation (1), which
could provide the necessary accuracy of calculations, the
study of power, index and logarithmic functional depen-
dences of icws was carried out. Since the area of the WS
and the index of coordination of the WS at multiplica-
tion lead to a decrease in its width (k-Sgr/dp) or depth
(k*ScL/(4+1},)), linear and hyperbolic functions were not
considered.

The analysis showed that the power dependence icws
helps reduce the calculation error. In order to determine the
degree at which all dependencies will change according to
one law, rooms of different sizes and glazing areas were com-
pared, and the DF values became close (the error up to 1 %).
In accordance with Fig. 6, the total value of the power icws
(x) for rooms with dimensions of 6x5 m, 5x6 m, and 5x4 m,
with the glazing areas of 4.24 m?, 5.153 m?, and 2.4333 m?,
and the DF values of 0.88831 %, 0.8834 % and 0.8839 %,
respectively, were within the range of 0.230-0.264 (Fig. 6,
pts. Ay, A, and Aj).

To construct graphic dependencies (Fig. 6), equations
were used that describe the dependence of the value of
the composite room glazing index (CRGI) on x for the

e — 6X5m, 4.24 M7,
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—a--—5%4m,2.433 m’.

above-mentioned cases. The general view of the equations is
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Fig. 6. The dependence of the CRGI on the power of the ic.ws (x)

For the considered variants with the same DF values,
their common value of x is in the range from 0 to 1 (Fig. 6,
pts. Ay, Ay, A, B, and C). Since the graphs intersect at dif-
ferent points, x also needs to vary depending on the size of
the room. Therefore, as x, the sizes of the WS are 1/(2-Igp),
1/(drp), and 1/Igp. The ratio of 2-lxpr/drp and its inverse
were not considered because the value of x was beyond the
range indicated above. After comparing the obtained results,
it has been established that only the use of the 1//xp ratio
allows comparing the results of calculating the DF value
for rooms of different sizes with a value range of less than
0.244 % (Fig. 7, pts. A and B).

To construct the graphical dependence of the DF on the
CRGI (Fig. 7), the data obtained in determining the depen-
dence of the DF in the RP on the area of the WO in the EES
(Fig. 3) were used.
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Fig. 7. The dependence of the DF value on the CRGI

As a result of considering WFR comments and using
the power function for expression (1) with the power of
1/Irp, expression (2) was received for the CRGI. The
obtained dependence takes into account not only the
influence of the glazing areas of the WO and the WS but
also the geometric dimensions of the WS on the size of the
DF in the RP.

IGL.R = SGL /Sws 'IR\]P 2'lRp /dRP -100, %. (2)



As a result of approximating the obtained point data
(Fig.7) by the least squares method, expression (3) was
received, which helped determine the value of the CRGI
for arbitrary values of the DF with a standard deviation
of 0.894 and a determination coefficient of 0.994. Ap-
proximation was carried out using Advanced Grapher. To
compensate for the deviations of the DF values relative to
the CRGI due to the non-synchronous nature of the change
of the DF relative to the proportions of the WO, we intro-
duced the stock factor (4).

I, o =-2,148-DF’ +27,087-DF +0,487, %, A3)
Iy g =1,1-(=2,148-DF* + 27,087 DF +0,487), %,  (4)

where 1.1 is the stock factor.
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Fig. 8. The dependence of the CRGI on the DF values
obtained as a result of: 1 — calculations in the Relux
program; 2 — approximations (3); 3 — approximations taking
into account the stock factor (4)

To compare the accuracy of the results of calculating
the dependencies of the CRGI value on the DF values ob-
tained in the Relux program as well as expressions (3) and
(4), the corresponding graphs were constructed (Fig. 8).
The analysis of the obtained graphs has shown that the use
of the stock factor in calculating the CRGI simplifies the
definition of the minimum glazing area because it can be
neglected by the effect of shifting the RP on the WS by the
value of the DF.

That is, the definition of the area of glazing the WO re-
quired for providing a normalized DF on the WS is reduced
to expression (5):

Sor =Ioir Sws 'lR\/P dyp / (2+1yp) /100, m’, ®)

In order to determine the area of the WO from the
obtained value of the CRGI, in accordance with [14], it is
necessary to use the WO Coordination Index (ic.wo) (6)

icwo = lwo/Pwo, rel. units. (6)

Based on the selected proportions, the width (7) and the
height (8) of the WO glazing were determined:

he,. = \/SGL/iC.WO’ m; (7
I = Vo lewo, M ®)

In accordance with the obtained values in (7) and (8),
for the selected proportions and profile width of a single-sec-

tion WO, its area was determined, able to ensure the stan-
dardized DF (9):

Swo=So +2:1-(ly +hg +2-1), m’, 9)

where [ is the width of the opaque part of the WO, m [14].

6. Discussion of the results of studying the influence of
the width and length of a room and the WO proportions
on the DF

As a result of the research, it was found that the size of
a room has a significant impact on the size of the DF. Even
with the same area of rooms, DF values can vary significant-
ly from one another. For example, according to Fig. 3, pts. A
and B, at an area of 20 m?, depending on the size of the room,
the DF varies from 1.48 % at a width of 4 m and a depth of
5m to 2.06 % at a width of 5 m and a depth of 4 m. This in-
dicates that the use of the WFR is not correct because with
the same values of the WFR, the value of the DF may differ
1.388 times.

The use of the WWR also does not allow comparing the
energy efficiency of natural lighting in rooms of different
sizes. For example, for a room with a width of 4 m and with
a WWR value of 50 %, the change in the depth of the room
leads to a change in the DF from 2.47 % at 4 m to 0.61 %
with an increase in depth to 7 m. That is, with the same
meaning of the WWR, the DF decreases 4 times.

The use of the CRGI helps determine the minimum area
of the WO to provide the normalized illumination in the RP
of the WS. The obtained results can be used by specialists of
light engineering and construction industries in the design
of natural side lighting.

However, it is noteworthy that the results of the study
(Fig. 5) indicate an ambiguous influence of the WO propor-
tions on the DF value for rooms of different sizes. It should
also be noted that the research results are reliable only for
non-shadowed rooms without sunscreen devices. Such un-
certainty imposes limitations on using the obtained results,
which can be interpreted as the disadvantages of this study.
Failure to take into account these parameters in the frame-
work of the study indicates the need to research further the
effects of sunscreen devices not only on the value of the DF
but also on the energy efficiency of side lighting in general.

7. Conclusion

1. It has been proven that with the same area of a room,
the DF value when changing its size may vary 1.388 times
(Fig. 3). This indicates the incorrect use of the WFR to stan-
dardize the minimum area of glazing in rooms of different
sizes. With different room sizes, the nature of the change of
the DF relative to the proportions is not synchronous. As can
be seen from Fig. 5, on the same intervals of the proportions
and with the same sizes of rooms, the DF increases, whereas
in other cases it decreases.

2. It has been established that the use of not only the
WWR but also the WFR for comparing the natural lighting
of rooms of different sizes is inadmissible. This is due to the
fact that, with their fixed values, the DF value can differ 4
times in the first case and 2 in the second, depending on the
size of the room.



3. An expression for the consolidated index of the glazing
of a room is obtained, which makes it possible to determine
the area of the WO at which the normalized value of the
DF is provided without being tied to certain dimensions
of the room. This expression takes into account the area
of glazing the WO, the WS area, as well as the depth and
width of the room. An algorithm for calculating the window
sill area has been developed to provide a normalized DF
value in non-shadowed rooms of arbitrary dimensions. This

algorithm allows determining the area of a single-section
WO at which the normalized value of the DF in the RP and,
consequently, throughout the WS will be ensured.

4. It has been proven that for different sizes of rooms,
the nature of the DF change relative to proportions is not
synchronous. As can be seen from the obtained results,
on the same intervals of proportions and with the same
sizes of rooms, the DF increases, whereas in other cases it
decreases.
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