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Modern architecture uses complicated forms of facades, including
parametric architecture, dynamic facades. Implementing analytical surfaces gives
many advantages in construction of surface form, calculation of carrying capacity,
prediction of properties of surfaces in different spheres. Surfaces with mirror
properties, such as glass with various coatings, as well as polished metal, are
increasingly being used as finishing materials for facades. When used as a facade,
concave surfaces of zero, positive, or negative Gaussian curvature result in self-
intersections of reflected ray surfaces, their coincidences, and concentration, which
can lead to energy imbalance. The concentration of energy in certain places must
be predicted in order to be able to build a defense against this concentration.

In construction physics, it is important to have a possibility to estimate
reflective properties as for sound as light and sun. Such analyze can give not only
comfort life around the building but also can prevent serious damage for people
and their property. There are known cases of melting cars and burning hair of city
dwellers and hotels due to the concentration of solar energy when reflected from
the surface of the facades.

The article analyzes the search for overheating zones of solar energy
reflected from the surfaces of building facades. Areas of reflected solar energy,
according to construction experience, can cause overheating, damage and fire.
Due to the construction of analytical surfaces of reflected rays, there are zones of
concentration of reflected sunlight as a double line of self-intersection of reflected
surfaces. From the energy point of view, it is possible to calculate the amount of
reflected thermal energy. Overheating protection is selected according to
geometric and analytical calculations.

Keywords: insolation, surfaces of reflected rays, reflective surface,
overheating.
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Statement of problem. From the experience of using complex forms of
facades in modern architecture, architects face the problem of overheating of
surrounding objects, houses and natural objects, melting of cars and the risk of
fires. Among the well-known cases of overheating are the 160m skyscraper
Walkie-Talkie of architect Raphael Vinoli (Fig. 1) in Fenchurch Street in London,
20 in the shape of a parallelepiped with a concave mirrored fagcade, which caused a
car melting in 2003, cracked tiles on the sidewalk and charred paint on the facade
of the opposite building, as a result, the surface of the facade was tinted, reducing
its reflective properties. The same problem befell the hotel complex of the same
architect called Vrada in Los Angeles for 1.5 thousand rooms, 176 m high, which
opened in 2009. The concave shape of the facade like a lens concentrated sunlight
on the hotel pool, hotel users received melted bags, plastic utensils and burned hair.
The lens effect has been called the "death ray". The well-known Walt Disney
Concert Hall in Los Angeles, which opens in 2003, was designed with large
concaved surfaces. Most of the surfaces were matte, but polished parts focused the
rays on the opposite buildings, the cars passing by and melted the asphalt panels
near the building. Polished facades had to be matte.

Recent research and publication analysis. Publication [1,2,3] provide
theoretical and practical data for the use of geometric constructions of the surfaces
of reflected rays, theory and practice of insolation calculations. The encyclopedia
[4] shows the study of analytical surfaces, their analytical description and
visualization. [4] offers an analytical construction of the reflections of sunlight.
Publication [0] provides an analytical description of the construction of the surface
of reflected rays.
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Fig.1. a - Hotel Walkie-Talkie in London, b — Hotel Vrada in Los-Angeles,
c - Walt Disney Concert Hall in Los Angeles

Based on the above examples, it is necessary to predict the reflections and their
consequences at the design stage to prevent the huge cost of correcting defects after
construction.

Setting article objectives. Construction of zones of concentration of sunlight
to prevent defects of the facades shapes, which can cause overheating zones from
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the reflection of sunlight.

Main part. The architecture of modern facades involves the formation of
complex shapes, the use of glass and metal materials. Complex shapes consist of
concave surfaces, which cause the concentrated reflections in certain areas. Glass
and metal materials can have mirror properties due to polished glossy surfaces.
Depending on the material, its texture, transparency and color, the reflection ability
of the light and heat range change. The model of reflection from such surfaces can
be considered as ray model, that is, from the congruence of reflected rays the
surface of reflected rays is allocated by immersion of a line on a reflecting surface
of a facade. The surface of the reflected rays from the concave surfaces has self-
intersections, which are the geometric location of the double points where the
reflected solar energy is concentrated. For a reflective surface of zero Gaussian
curvature, the self-cross section may consist of two sunbeams, for a positive
Gaussian curvature of four in general cases, respectively, increases the energy flow
to a certain area. When using surfaces with parabolic generatrices in special cases,
all reflections from the parabola may intersect at one point. The falling sun rays
have their infinitely remote source, so they are parallel. Analytically, it can be set
by the guide plane to which they are normal. The direction vector of this plane is a
vector of sunlight. This is the vector {J; F; G}. The solar ray has an equation:

X, = X, + Jt,
Ys =Ya + FL, (1)
z, =1, +Gt.

where x,,Y,,z, - coordinates of the reflective point A on the facade of the

building. By changing the coordinates of point A to an elliptical (or circular)
generatrix, we obtain the equation of the cylinder of incident rays:
X=X, =acosu + Jt,

y =Yy, =bsinu+ Ft, )
z=12,=Cc+Gt.

The construction of the surface of the reflected rays can be obtained by the
algorithm specified in the articles [4,6,7]. According to the obtained equation of the
surface of the reflected rays, the surfaces shown in (Fig.2) are visualized.

(Fig. 2) shows the reflection from the elliptical generatrix of facade. Given
the infinitely remote source, it is obvious that for the cylindrical surface of the
facade the set of reflected surfaces from elliptical intersections with the horizontal
plane will consist of the same surfaces, for the conical generatrices of the scaled
ones.
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Fig.2. Examples of visualization of the surfaces of reflected rays from
infinitely remote source and a conical or cylindrical surface.

(Fig. 3) shows the intersection of the surface of the sun's rays reflected from
the cylindrical surface of the facade with the ground plane.
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Fig.3. Intersection of the surface of the sun's rays reflected from the
cylindrical facade with the earth's surface; a — reflection from the upper line of the
facade, b — reflection from the middle line of the facade, ¢ — reflection from the
bottom line of the facade; where a — double line of self-intersection of the surface
of reflected rays, b — the line of intersection of the surface of the reflected sunlight
with the earth's surface, X — infinitely remote source, Q — fagade plane, IT — surface
of earth.

It is known that according to extraatmospheric measurements, the solar
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constant is 1367 W / m2, the total power of solar radiation energy that passes
through a unit area oriented perpendicular to the current at a distance of one
astronomical unit from the Sun in a vacuum. Due to the absorption of the Earth's
atmosphere, the maximum flow of solar radiation at sea level is 1020 W / m2. In
the middle latitudes during the day the flow reaches 800 W/m? in the south of
Ukraine more than 1000 W / m2, in winter it decreases to 250 W/m?. Heating the
body with solar energy depends on many factors: the intensity of solar radiation,
cloudy skies, heat loss from convection and radiation, body color and texture,
infrared surface albedo, the presence of wind, the angle of incidence of solar
energy. In a place open to the sun, the black car heats up to 82°C, asphalt to 60°C.
In the presence of rays reflected from the facades, the speed and temperature of
heating increases. Reflection from the glass facade, depending on the type of glass
and the angle of incidence of the sun's rays, can be absorbed by glass by 50-30%.
For the most adverse conditions, the reflected energy from a square meter of glass
facade will give an additional 700 W / m? of thermal energy. At least three beams
reflected from a cylindrical or conical fagade to a certain point, bringing the energy
to 3.1 kW / m° In some cases, when using a parabolic shape or some types of
conical, the energy is multiplied. For example, the heat capacity of water
c=1,163 W-g/kg-K, 1 liter of water is heated to 1°C at 1.16 W per hour. With the
help of 3.1 kW capacity the water volume 1x1x0.5 m is heated from 20°C to 60°C
in 8 hours without taking into account losses from convection.

Conclusions. The urgency of solving the problems of overheating from the
reflections of solar energy from the facades of buildings, which can create lens
effect from concave surfaces, is considered in the article. Geometric forming of
facades requires surface analysis for the presence of defects in the concentration of
solar energy fluxes to prevent overheating zones.
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AHAJII3 30H NEPEI'PIBY BIJ HAJIXOJKEHHS BIABUTOI
COHSYHOI EHEPI'II

Kozaxk IO.B., Augponosa O.B.

Cyuacna apximekmypa SUKOPUCMOBYE CKIAOHI (hopmu ¢pacadis, 30Kpema
napamempuyHy apximexmypy, OuHamiuui gacaou. Buxopucmanus aHanimuyHux
nogepxonwsb 0ac bazamo nepesaz npu nooOyoosi opmu noepxHi, pPO3PAXYHKY
Hecyyoi 30amHoCmi, NPO2HO3Y8AHHI 81ACMUBOCMEN NOBEPXOHb ) PI3HUX chepax.

llogepxni i3 03epKanbHUMU GLACMUBOCMAMU, MAKI SIK CKI0 3 PISHUMU
HOKPpUMMAMU, 4 MAKONC NONIPOBAHUL Memdall, 8ce Yacmiule 8UKOPUCTOBYIOMbCS
AK 030001108anbHI Mamepianau 05 ¢acadis. IIpu suxopucmanni gpacady ysieHymux
N0BEPXOHb HYIbOBOIL, NOZUMUBHOI AD0 He2amusHoi 2ayco8oi KpUGUHU BUHUKAIOMb
camonepemuHanHs no8epxoHb 8i0OUMUX NPOMEHIS, iX 30icu | KOHYeHmpayis, uio
Modce npuszgecmu 00 eHepeemuuynoz2o oucoanancy. Kowmyemmpayiro ewnepeii y
NeBHUX Micysix nompiono nepeobauamu, wjob mMamu MONCIUBICMb NOOYOY8amu
3axucm 8i0 yiei KOHYyeHmpayii.

YV 6yoisenvuiti Qizuyi 8axciuso mamu MOMCIUBICMb OYIHIOBAMU BGIOOUBHI
eracmusocmi 38yKy, max i cgimaa i conys. Taxkui aumaniz mooice 3abesnedumu He
Jiuue Komgopmue dHcummnisi HA8Ko10 0Y0I6, ane i 3anobiemu cepuo3HUM 30UmKam
J00sIM ma ix mauny. Bioomi eunaoku nnaenenHs asmomobinie ma Cnai08aHHs
B0JIOCCSL 20POOsIH mMa 20mejli8 uepe3 KOHYEHMpAayito COHAYHOI eHepeii npu
8i000OpadicenHti 810 nogepxii ¢hacadis.

B cmammi ananizyemvcsa nowyx 301 nepeepigy 8i0 HAOX00NCEHHs 8I0OUMOL
COHAYHOI eHepeii 810 nosepxons ¢hacadie Oyoieenv. 30HU nepezpigy 6i0 8i0OUMOL
COHAYHOI eHepeii, 32I0H0 00CB8i0Y OVOIBHUYMBA, MONCYMb CHPUYUHUMU Nepe2pis,
NOWKOOIHCEHHS MA NoJHceXHCl. 3a805aKU N00OYO08I AHANIMUUHUX NOBEPXOHb BI0OUMUX
NPOMEHIB, 3HAX0O0AMbCA 30HU KOHYEeHmpayii 6i00UMUX COHAYHUX HNPOMEHI8 SK
NOOBIlHA NIHII caMOnepemunie NO8epxXoHb GI0OUMUX NPOMEHI8. 3 eHepeemuyHol
MOYKU 30pY MOJICHA NIOpaxysamu KilbKicmb 8i00umoi menniosoi enepeii. 3acoou
3axucmy 8i0 nepecpiey 00UPAOMbCA 32I0HO 2eOMEeMPUUHUM MA AHATNIMUYHUM
PO3PAXYHKAM.
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Kniouogi cnosa: inconsayis, nosepxni 8i0bumux npomeHis, eiddousaroua
NnOBepxXHsl, nepezpis.

AHAJIN3 30H IEPETPEBA OT NOCTYILUIEHUS OTPAKEHHOM
COJIHEYHOM DHEPI' MU

Ko3zak FO.B., Auapomnosa O.B.

Coepemennas apxumeKkmypa Ucnoivb3yem CloxicHvle opmbl pacados, 8 mom
yycie napamempudecKyro apxumexkmypy, OuHamuyeckue ¢acaovl. Bueopenue
AHAUMUYECKUX NOBepXHOCMell Odaem MHO20 NpeuMywecmes Hnpu noCmpoeHuu
Gopmbl  nosepxHocmu, pacueme Hecyweu CHOCOOHOCMU, NPOSHO3UPOBAHUU
CBOUCME NOGEPXHOCMEN 8 PA3TUUHBIX Chepax.

Ilosepxnocmu ¢ 3epKanibHLIMU  CEOUCMEAMU, MAKUe KAK CMeKI0 C
PA3TUYHBIMU  NOKPBUMUAMY, d MAK)HCe NOIUPOBAHHBIN Memall, 6ce uauje
UCNONB3YIOMCL 8 Kauecmee OmOeNloYHbIX Mamepuanios O0ns gacaoos. Ilpu
UCNONL306AHUU 8 Kawecmee (hacaoa BOSHYMbIX NOBepXHOCHel  HYaesoll,
NOJONCUMENbHOU — UIU  OMPUYAMETbHOU  2AYCCOB0U  KPUBU3HBL  BOZHUKAIOM
camonepeceuenuss NOBEPXHOCMEU OMPANCEHHbIX Jydell, UX COBNAOeHUs U
KOHYEHmMpayusl, Ymo MOJCem Npusecmu K IHepeemudeckomy Oucoaiancy.
Konyenmpayuio suepeuu 6 onpedeneHHvlx Mecmax HyHCHO Npedyeadbleams,
4UMooObL UMemMb B03MONCHOCTb BLICIPOUMb 3AWUIY OM IMOU KOHYEHMPAYUU.

B cmpoumenvhoti  ¢huzuke 6adNCHO UMeMb BO3MOICHOCMb OYEHUBAMDb
ompadicamesibHble CE0UCMBA KAK 38YKA, maxk u ceema u conaunya. Taxou ananus
Modicem obecneuumv He MONbKO KOM@OPMHYIO JHCU3Hb BOKpYe 30aHUsl, HO U
npedomepamums CepbesHbvlll yuepo nodam u ux umywecmey. Mzeecmmuvl ciyyau
NIABNeHUs ABMOMOOUNEU U CHCUSAHUSL BOJOC 2OPONCAH U 2OCMUHUY U3-3d
KOHYEeHmMpayuu COJHeYHOU dHePeUU NPU OMPANCEHUU Om NOBEPXHOCMU Pacados.

B cmamve ananuzupyemcs nouck 30H nepezspesa CONHEYHOU 3Hepeul,
OMPAdICeHHOU O0m nogepxHocmel Gacadosd 30aHull. Yyacmku OmMpaddceHHou
COJIHEYHOU SHepeuU, Kax NOoKA3vleaenm ONvlm CMpOUmenbcmeda, Mo2ym Cmame
NPUYUHOU nepezpesa, NospedtcoeHus u 6os2opanus. bnacooaps nocmpoenuro
AHATUMUYECKUX ~ NOBEPXHOCMEL  OMPANCEHHbIX — Jy4ell  803HUKAIOM — 30Hbl
KOHYEHMPAayuu OmpadCeHHbIX COJNHEUHbIX Jydeli 8 6ude OBOUHOU JUHUU
camonepeceuenus ompaxicenHvlx nogepxnocmeil. C dHepeemuieckol mouKku 3peHus
MOJACHO PACCYUMAMb KOJULECNE80 OMPANCEHHOU MeNnI080l dHepeul. 3awuma om
nepezpesa noooupaemcs N0 2eoMempuUyecKuUM U aHATUMU4ecKum pacieman.

Knouesvie cnosa: uHconsyus, NOBEPXHOCMU  OMPAICEHHBIX  JyUell,
ompadicarowas NOBEPXHOCMb, Nepecpes.



114

References

. Podgorny, O. (1975) Reflected ray surfaces, Applied geometry, engineering

graphics, Kyiv, 20, 13-16. [in English]
. Podgorny, O. (1993) Geometric modeling of solar radiation on different

surfaces, Applied geometry, engineering graphics, Kyiv, 54, 10-12. [in English]
. Sergeychuk, O. (2007) Geometric modeling of solar radiation inflow at
arbitrary cloud cover, Applied geometry, engineering graphics, KNUBA, Kyiv,
77,115-119. [in English]
Krivoshapko, S., and lvanov, V. (2015) Encyclopedia of Analytical Surfaces,
Springer International Publishing Switzerland, 752. [in English]
. Andropova, O. (2018) Simulation of the flow of sunlight reflected from the
facades, Energy integration. Program and abstracts of the reports of the eighth
scientific-practical conference, Kyiv, 42-43. [in English]
. Andropova, O. (2018) Modeling of the surface reflected by sunlight from
facades Energy efficiency in construction and architecture. Kyiv: KNUBA, 11,
47-52. ISSN: 2299- 8535. DOI: https://doi.org/10.32347/2310-0516.2018.11.
[in English]
Kozak Y. (2013) Investigation of normal surfaces as a means of systematization
of reflection surfaces, Energy efficiency in construction and architecture, Kyiv,
5, 66-69. [in English]



