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During the reconstruction (thermal modernization) of existing and design of
new energy efficient buildings, the task is to increase the efficiency of solar systems
(collectors and photovoltaic modules). They can provide the building with hot
water, heating and electricity. The analysis showed that improving the efficiency of
solar systems is also possible by optimizing the spatial orientation of solar panels,
which can be combined with the enclosing structures of buildings, and located
separately.

If it is impossible to change the orientation of the building there is a problem
of optimizing the orientation of solar panels due to their appropriate location on
the edges of the building, which can be done using polar models of the dependence
of solar radiation Q,.; = const and for the photovoltaic module - E; = f(A;) for v =
const). To determine the optimal location of helio receivers on enclosing structures,
the Gelioopt application package was developed.

Plane polar models of heat input from solar radiation depending on the
azimuthal orientation Q,.,; = f(A;) at w = const (angle of inclination 0, 15, 30, 45,
60, 75, 909 have been developed. In the center of the model is an area for the
location of drawings of the building (floor plan or roof plan).

Types of geometric models of solar radiation inflow on the surface of solar
receivers and photovoltaic modules, energy inflow models due to the conversion of
solar radiation into thermal or electrical energy have been developed. The method
and graphical method of solving problems on the optimal location of solar panels
on their faces of buildings are proposed. Combining the drawings of the building
with the geometric model of the receipt of solar radiation on the solar receiver, the
normals to the face of the building are drawn and the amount of solar energy to the
face of the solar receiver is determined.

Using drawings of energy-efficient buildings, floor plan and roof plan, it is
possible to determine the level of converted (thermal) energy at the location of
solar panels on its faces. In this case, solar panels can be located on the slopes of
the roof of the building and walls, model Q,.,; = f(As) at @ = const.

Keywords: energy efficient buildings, solar receiver, geometric model, solar
radiation, photovoltaic modules, graphic method, polar model, thermal
modernization, architectural design.
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Statement of problem. During the reconstruction (thermo-modernization) of
new and new energy-efficient systems, the task is to improve the efficiency of the
solar systems (collectors and photovoltaic modules). The stench can become
unhealthy to wake up hot water supplies, scorched and electric power.

Recent research and publication analysis. Nutrition of the optimal
organization of the environmentally friendly helioprimes of the assigned robots
[1,2,3,4.]. The withers feeding the discrete wintry and optimizing the growth of the
sleepy collector on the area were looked at at a glance [1,5], and the model of the
optimal form of the pickup and pickup of the photovoltaic systems of the
concentrators [6] was assigned. The question of the optimal location of solar panels
- hotovoltaic modules integrated into the enclosing structures of faceted buildings,
during the reconstruction in applied geometry was not considered. There are also
no graphical or analytical ways to solve this problem.

Setting article objectives. To propose a method (graphic model) for
determining the optimal location of solar panels - photovoltaic modules integrated
into the enclosing structures of faceted buildings.

Main part. Hot water supply is provided by solar collectors, the main
component of which is the solar receiving surface (collector), which converts the
radiant energy of the sun into heat. In practice, the most common flat collectors,
among which there are two fundamentally different groups:

— a helio-receiver made of modular elements connected to each other is
installed on the enclosing structures of the building;

— the collector is combined with the building element and thus forms a
multifunctional structure. In particular, photovoltaic modules convert solar energy
into electrical energy and can be integrated into enclosing structures.

During the reconstruction (thermal modernization of buildings), when it is
impossible to change the geometric shape of the building, there are problems with
the optimal location of solar panels, namely:

— determination of optimal geometric parameters of spatial orientation of
solar receivers (azimuth 45 and angle ®) at a given area S, to obtain the maximum
level of energy from solar radiation;

— determination of optimal geometrical parameters of spatial orientation and
minimum area of solar receivers located on the edges of the building to ensure a
given level.

When using solar systems, the amount of converted solar energy into
electricity depends on: the level Q., of the receipt of solar radiation on the solar
receiver for the time of year (kWh/m?), efficiency n and area S, . Therefore, the
amount E of converted electric energy by the photovoltaic module for the time
interval AT is calculated by the following formula:

E=QScn, (1)
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where Q. is the level of receipt of solar radiation on the plane of the solar receiver
for the time interval AT during the year (KWh/m?); n — is the coefficient of
conversion of solar energy into electricity (is 5-18 percent); S, is the area of the
solar receiving surface of the solar receiver (m®) located on the face. In fact, the
advantage of solar collectors is the high efficiency n (efficiency) of conversion of
solar energy into heat, which reaches 45-60 percent. The amount of heat energy
converted by the collector Q. for the time of year is calculated by the formula:

g @
QCpK :FZ J. |CpmJT]Jdt,

= i

where Q. — the amount of thermal energy produced by the passive heating system
for the time of year AT (kWh Im?); I, — intensity of solar radiation coming to the
sun-receiving surface (W/m?); F — is the area of the solar receiving surface of the
solar receiver (m?); m; - number of days in the j-month; n; — efficiency for each
month. Windows are passive solar systems, and the amount of heat from solar
radiation Qcps (KWh/m?) to the room for the time interval AT is determined by the
formula:

3)
Qch = Qcp KCSBSB = J.J. ICpKCSBSBdth,

Tty

where is the coefficient that takes into account the shading of the window opening
by opaque elements;  — coefficient of relative penetration of solar radiation for
translégent structures; K — is the coefficient of cloud cover in the sky, which
affects the receipt of solar radiation ; Q. - receipt of solar radiation on the
window plane for the time interval of the year AT (KWh/m?), I, - energy
illumination by solar radiation (W/m>).

If it is impossible to change the orientation of the building there is a problem
of optimizing the orientation of solar panels due to their appropriate location on the
edges of the building, which can be done using polar models of the dependence of
solar radiation Q. = const and for the photovoltaic module - E; = f(A;) for o =
const). To determine the optimal location of helio receivers on enclosing structures,
the Gelioopt application package was developed.

The simulation results are planar polar models of heat input from the SR
depending on the azimuthal orientation Q.. = f(A;) at ® = const (angle of
inclination 0, 15, 30, 45, 60, 75, 90°). In the center of the model shown in Fig. 1, an
area is allocated for the location of drawings of the building (floor plan or roof

plan).
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Receipt of solar radiation on the plane of the solar receiver
during the heating period in Kyiv
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Fig. 1. Determination of the level of solar radiation on solar panels, which are
located on the slopes of the roof and walls of the building, model Q,,; = f(A.) at
® = const

Combining the drawings of the building with the geometric model of the
flow of SR on the solar receiver, the normals to the face of the building are drawn
and the amount of solar energy to the face of the solar receiver is determined. In
Fig. 2 shows the models of the dependence of the thermal energy converted by the
solar receiver on its spatial orientation. Using drawings of energy-efficient
buildings, floor plan and roof plan, it is possible to determine the level of converted
(thermal) energy at the location of solar panels on its faces. In this case, solar
panels can be located on the slopes of the roof of the building and the walls, model
Quepi = f(As) at ® = const.

Conclusions . Thus, the types of geometric models of solar radiation inflow
on the surface of solar receivers and photovoltaic modules, energy inflow models
due to the conversion of SR into thermal or electrical energy have been developed.
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Fig. 2 - Determination of the level of converted energy by the solar collector
depending on the spatial orientation, Qi = f(A;) at @ = const

Since the design of energy-efficient buildings and thermal modernization of
existing ones raises a number of problems regarding the location of solar panels on
their faces, the analysis of problems was carried out and their graphical and
analytical methods were solved. Currently, the graphical method allows you to
solve problems using graphical models, while the analytical - using optimization
solutions, which will be discussed later in the next article.
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OHNTUMM3ALMS PACITIOJIOKEHUS ®OTOIJIEKTPUYECKHAX
MOAYJIEN HA OI'PAXKJAIOIINX KOHCTPYKIUAX
SHEPIO3®PEKTUBHBIX 3JIAHUI

Maprtsisos B.JI.

Ilpu  pexoncmpykyuu  (mepmomooepHuzauul)  CYWecmsyowux  u
NPOEKMUPOBAHUU  HOBbIX IHEP2OIPDEKMUBHBIX 30aHULl  BO3HUKAEM  3a0aud
nogvluteHus: 3PEHeKmusHOCmuY UCNOIL30BAHUS 2euocucmem (KOJIeKmopos u
domosnekmpuueckux mooynei). OHu Mmoeym cHab’camv 30aHUe 20PAYUM
8000CHabIICEHUEM, OMONTIeHUEM U INEKMPUUECKOU dHepUell.

IIposedennnviii  ananuz noxkasal, uymo NoGvluleHue IPdekmusHocmu
UCNONIL30BAHUSL  2eIUOCUCTIEM — BO3MOJCHO — 3a  cuem  ONMUMU3AYUU
NPOCMPAHCMBEHHOU OPUESHMAYUU 2eTUONPUEMHUKO8, KOMOpble MO2Yym OblMb KAK
COBMEUEHBL C 02PANCOAIOUWUMU KOHCIPYKYUAMU 30AHUL, MAK U PACNONOHCEHHBIMU
omoenvro. Ilpu Hego3ModiCHOCMU USMEHEeHUs OpUeHmayuyu 30aHusi BO3HUKAEM
3a0aua onmumuzayuu opueHmayuu 2eIUONPUEMHUKOB 3a cuem
COOMBEMCmaEYIwe20 UxX pPAcnolodNCeHUs HA 2SPaHsIX 30aHUsl, YMO B03MONCHO
coenamv, UCNONBL3YA  paA3pAOOMAHHble  NOJAPHbIE  MOOelU  3A8UCUMOCHIU
nocmynienus: conneunol paouayuu Q. Ha eauonpuemuux om asumyma Az npu
3A0aHHOM Yelle HaKIOHA = const u 0isi pomoaiekmpuiecko2o mooyns — Ej =
f(As) npu w = const).

s onpedenenus OnmuManibHO20 PACNONONCEHUS 2eUONPUEMHUKO8 HA
02PadNCOAOWUX  KOHCMPYKYUIX pa3paboman naxem NPUKIaOHbIX NpPOSPAMM
Gelioopt. Paspabomatrsi niockocmuwle noJisipHble MOOeIU NOCMyNnieHus menia om
CONHeuHOU paouayuu 8 3asucumocmu om asumymanvhoi opuenmayut Qye, = f(As)
npu w = const (yeon umakaona 0, 15, 30, 45, 60, 75, 90°9. B yeumpe mooenu
8blO€IeHa 30HA OJisl PACNOJIOJCEeHUsT Yepmedicell 30anus (N1ana dmanica uiu niaHa
KpbludiL).

Paszpabomanvr munvi 2ceomempuueckux mooeneu NOCMYNIeHUss COIHEUHOU
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paouayuu Ha NOBEPXHOCMU 2eTUONPUEMHUKOS8 U (DOMOIIEeKMPU4ecKux Mooyietl,
MOOenU IHep2ONOCMynjieHus: 3a cuem npeobpaz08aHus COIHEYHOU paouayuu 8
MEeNnI08Y10 UL INEKMPULECKVIO IHEPLUIO.

llpeonooicenvt memoouka u epaguueckuti cnocodb peuwieHus 3a0ai no
ONMUMANLHOMY — PACHOJIONCEHUIO  2eTUONPUEMHUKO8 HA UX 2PAHAX 30aHUL.
Coemewasn uepmedsic 30aHUsL C 2EOMEMPUUECKOU MOOENbI0 NOCMYNJIeHUsS. CONHEYHOU
paouayuu Ha 2elUONPUEMHUK, NPOU3BOOSAMCA HOPMAAU K 2SpaHu 30aHus U
onpeoensiemcsi  6eIUYUHA  NOCMYNJIEHUs.  COJTHEYHOU  dHepeuu Ha  2pamb
eenuonpuemnuka. Hcnonvsys uepmedsicu dHepeodIghghekmusno2o 30anus, NIaH
amadica U NIAH KpPulll, MOJICHO ONpedeums YpO8eHb Npeodpa308aHHOU
(meniosotl) sHepeun npu pacnonodCeHUulU 2eIUONPUeMHUKO8 Ha e2o epaHsax. llpu
9MOM 2eTUONPUEMHUKU MO2YM ObIMb PACNONONHCEHbL HA CKIOHAX KPblUU 30AHUS U
cmenax, mooenv Q. = f(A,) npu w = const.

Kniouesvie  cnosa:  snepeosgpexmusnvle  ooma, — 2eUONPUEMHUK,
eeomempuieckas mooeib, CONHeuHas paouayus, GomodnekmpuiecKue Mooyiu,
epaguueckutl cnocod, NOIAPHAS MOOelb, MEePMOMOOEPHUZAYUS, APXUMEKMYPHOE
npoeKmuposaHue.

OIITUMIBALISA POSTAIIYBAHHSA ®OTOEJEKTPUUYHUX
MOAYJIIB HA OI'OPOIKYBAJIBHUX KOHCTPYKIIAX
EHEPIOE®EKTUBHUX BYAIBEJIb

Maptunos B.JL.

IIpu pexoncmpyxuyii' (mepmomooepuizayii) icHyrouux i npoeKmyeaHHi HOBUX
enepeoehekmusnux Oyoisenb nocmae 3a0ayd  NiOBUWEHHS — epexmusHocmi
BUKOPUCMANHS 2eflocucmeM (KOaekmopis i (pomoenekmpudHux mooyiis). Bowu
Modcymob 3abe3neyysamu Oyoien0  2apsauumM 8000NOCMAYAHHAM, ONAJIEHHAM ma
eNeKMPUYHOIO eHep2i€io.

IIposeodenuii ananiz noxasas, wo nioBUWEHHs e(heKMUEHOCHI BUKOPUCMAHHS
2eNllOCUCmeEM MAKONC MOJICTIUBE 3d PAXYHOK ONMUMI3AYIL NPOCMOpos8ol opieHmayii
eeionpumMayie, AKi  MONCYmMb Oymu 8K CYMIWEHI 3  020P00AHCYBAIbHUMU
KOHCMPYKYisAmMu 0yoigenb, maxk i po3mauio8aHUMU OKPEMO.

Ilpu nemoorcnusocmi sminu opieumayii 6yoieni nocmae 3a0auya onmumizayii
opieHmayii eenionpuiimMayie 3a paxyHox 8i0N0GIOH020 iX pO3MAULY8AHHS HA 2PAHSX
0Y0i6N, WO MOANCIUBO 3POOUMU, BUKOPUCTMOBYIOUU PO3POOAEHI NOJIAAPHI MOOei
3anedxcnHocmi Haoxooxucenuss CP Q. Ha eenionputimau 6i0 azumyma A; npu
3adanomy kymi wnaxuny © (Quu= TF(As), npu o = const  ma o
gpomoenexkmpuunoco mooyisn — E; = 1(A;) npu o = const). Jna eusnauenms
ONMUMANILHO20 ~ PO3MAULY8AHHS — 2eIONPUUMAYIE  HA  020POOHCYBATLHUX
KOHCMPYKYISIX po3pobneno nakem npukiaonux npoepam Gelioopt.

Po3spobneno nnowunni nonapui mooeni Ha0Xo00dceHHss menia i0 COHAYHOL
padiayii 3anedxcro 6i0 azumymanvroi opienmayii Q.. = (As) npu w = const (kym
naxuny 0, 15, 30, 45, 60, 75, 909. V yemmpi mooeni eudineno 30mHy 011
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PO3MAULYBAHHS KpeCieHb 0Y0i6Ni (niany nosepxy abo niaumy 0axy).

Po3spobneno munu ceomempuunux mooenei Ha0X00HCeHHs: COHAYHOIL padiayii
Ha NoepxHi eenionputiMadie i  DoOmMoereKmpuuHuUx  MoOYJis, mooeri
EHEeP2OHAOX0O0ICEHHs 34 PAXYHOK NepemeopeHHsi COHAYHOI paodiayii Ha menjiogy
abo eneKmpuyHy eHepeiro.

3anpononosarno memoouxy ma epa@iunuil cnocio poss’a3anHs 3a0ai uwooo
ONMUMATILHO20 PO3ZMAULYBAHHS 2eIONPULLMAYI8 Ha iX epausax Oydigenb.

Cymiwyrouu xpecieHHs 0y0ieli 3 2e0MempuyHo MOOEI0 HAOXOOHNCEHHSL
COHAYHOI padiayii Ha 2enionpuimai, NPo8oOIMbCs HOPMAli 00 epawi 0y0ieni ma
BU3HAYAEMBCS BEIUUUHA HAOXOONHCEHHS COHAYHOI eHepeii Ha 2paHb 2elionputimayd.

Bukopucmosyrouu kpecnenns enepeoeghekmusnoi 0yoieni, nian nogepxy ma
NIaH 0axy, MOXMCIUBO GUHAYUMU PIBEHb NepemeopeHoi (mennosoi) euepeii npu
posmautyearti eerionpuiimayis Ha ii epansx. llpu yvomy eenionputimayi Mos*cymo
Oymu posmawiosani Ha cxunax daxy 0yoieni ma cminax, mooens Q.. = f(A,) npu
@ = const.

Knrouosi cnosa: enepeoegpexmueni OyOuHKu, cerionpuiimayi, 2eomempuyHa
MOOeb, COHAUHA padiayis, homoenrekmpuuHi Mooy, epagiunuil cnocio, nospHa
MOOeb, MePMOMOOEPHI3AYIsl, apXimeKmypHe npoeKmy8aHHsi.
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