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ABSTRACT

It is hard to imagine the modern market of enclosing structures without the double-skin facades (DSF).
Double-skin facades have established themselves as a multifunctional system capable to improve the energy
efficiency of buildings. The air gap under the facing is responsible for allocating the moisture from the
construction. In the design of modern buildings, special solutions for enclosing structures can be applied. For
example, the combined facades which includes DSF and a glass curtain wall. As a result, the air gap with variable
width is formed. The purpose of this work is hydraulic calculation of the structure of the vertical air gap with
variable width. It was proved that loss-reducing effect in air gap with variable width fails when building has large
height and insufficient length of cantilevers. It was also proved that in the small gap free-convective flow is
impossible. The results of this work may be found as practical application in the design of similar buildings and
analysis of free-convection flow in the air gap of DSF.
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1. Introduction

There is an increase of volume of industrial and civil constructions on the territory of the Russian
Federation. Therefore, issues of new technologies' realization that allows to use the energy resources efficiently
and minimize costs exist are broached. Improving the buildings' energy efficiency is one of the most important
and relevant aspects of modern construction. System of double-skin facades (DSF) can solve the problem of
energy efficiency.

In modern construction, double-skin facades are becoming more common and widespread. This fact is
explained by the versatility of these systems. Double-skin facades protect the building against external influences
and effectively perform heat-shielding function. DSF allow to give the building an architectural expressiveness
and individuality. All thermal characteristics depend on the facade ventilated air gap, so its organization is an
important practical task.

Insufficient interchange of air into the vertical gap causes icing up of facing layer in winter and structural
elements that are included in the air gap. Insufficient interchange of air is also a reason of the overall reduction of
heat-shielding functions of the structure. The condensation and moisture accumulation in the enclosing structure
are possible during the exploitation. There are common construction solutions of removal the moisture throughout
updraft, which moves in flat channels of enclosing structures. These solutions, for example, are used in double-
skin facades.

When combined facades with DSF and a glass curtain wall are used, there is the air gap with variable
width. The study of free-convective flow of the air in such gap allows us to estimate the effect of reducing heat
loss of enclosing structures.

2. Overview

Air movement in the vertical air gap can be described as a free-convective. Free convection is one of the
most economical and practical methods for removing moisture from the air gap [1].

If the surface temperature is higher than the environmental temperature, the stream of air which flows over
the surface is heated. It becomes lighter and starts to float. In this case, the dense adjacent air layers replace a
rising one. This principle of the layer’s substitution is used in designing of the air gaps in the double-skin facades
[1].

Great contribution to the study of the characteristics of free-convective flow was made by Russian and
foreign researchers. Many scientists were engaged to research thermophysical properties of the ventilated air gap
and their effect on temperature and humidity conditions of enclosing structures. For example, M.A. Mikheev, E.R.
Eckert, G.Z. Gershuni, Y.A. Sokovishin, O.G. Martynenko, E.l. Idelchik, V.L. Shifrinson, E.M. Zhukhovitskii, G.A.
Ostroumov, U.S. Chumakov, S.B. Koleshko, V.D. Machinsky, K.F. Fokin, H.Wang, V.N. Bogoslovskii, Y.A.
Tabunshchikov, V.G. Gagarin, V.V. Kozlov, E.Y. Tsykanovskii and others studied this subjects [4-22]. There are
well-known works of hydrodynamics and heat and mass transfer at free-convective flow in structures [23-37].

In [2] the economic benefits of using DSF as enclosing structures were assessed. According to the
resulting output, the cost savings achieved on the structures with minimum height of 50+60 m. Optimum hydraulic
characteristics of the gap also were obtained. In the article [3] the optimal distance from the screen to the wall in a
vertical air gap was determined

However, in the above articles the movement of air in gap with variable width was not discussed. Thus, the
purpose of the work is hydraulic calculation of the structure of vertical ventilated gap, providing the maximum
intensity of the free-convective air flow. The construction of double-skin facades is being developed for the
educational project of public and business center, which is used to certain some parameters of the building.
Objectives of the research:

— determination of the optimal ratio of the width of the air gap in a double-skin facade to the width
of the air gap in the stained glass;
— study of free-convective flow in the air gap with variable width.

3. Description of the research object

Combined facade is used for the educational project of social and business center in the bachelor thesis.
The main architectural and constructive solutions of designed center are shown below.

The object of major construction is a 21-storey public and business center with underground parking.

The social and business center includes offices, hotel rooms and a restaurant. In accordance with the
preliminary specifications there are planning concept of entrance hall, typical floors and landscaping elements.

For this article, the decisions on the protective structures are particularly interesting. Combined facade
consists of a glass curtain wall and double-skin facades, which includes gas-concrete blocks, heat retainer, air
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gap and facing layer in the form of ceramic granite tile. Connection of glass curtain wall to the DSF is shown in
Figure 1.

Light steel thin-walled structures may be used as load-bearing structural elements (guiding profile) [38].
Methods of calculation of guiding profiles of double-skin facade's construction, including numerical, are described
in [39] and [40,42]. Consideration of termoperforation that allows avoiding "cold joints" is described in [41].
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Figure 1. Connection of glass curtain wall to the DSF

4. Calculation of structure

The analytical model is a substructure with a length L and variable width of gap. Analytical model is
presented at Figure 2.
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Figure 2. Analytical model of enclosing substructure
The following designations are used to carry out calculations:
H — width of air gap in a glass certain wall, m;
h — width of air gap in double-skin facade, m;
6 — difference between width of air gap in a glass certain wall and width of air gap in double-skin facade, m:
6=H-h (1)
L - length of all substructure, m;
[ — length of a part of substructure which corresponds to the glass certain wall, m.
Architectural concept determines values L and [:
L=5m,l=25m.
Designation of unknown value:
m — ratio of difference between width of air gap in the glass curtain wall and width of air gap in double-skin

facade to width of gap in DSF:

m=" @)

Thus, it is necessary to find such a value of m, that will ensure maximum transfer of heat in a variable width
air gap.

The problem is considered from the point of view of structure’s geometry. Optimum value m corresponds to
the case when the minimum volume of the air gap can provide a fixed heated perimeter. This condition in
mathematical form:

a=n 1+t
=h- _—
{ 5 min 3)

P=L+2-6-fix

According to the duality principle, this condition is equivalent to the condition that under a given volume of
air gap the maximum heated perimeter will be produced:

a=hp+2t g
{ = + > - fix (4)
P=L+2:§ > max
To solve this problem the extremum of the function f must be found:
6-L
f=h-L+T+/1-(L+2-6)—>extr (5)
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To find the extremum of the function f partial derivatives on L and § must be found:

Y _ h+ 0 +1=0
aL = 2 " (6)
il = L +2:-2=0
as 2 B
A=—(h 0
{ =+ 7)
L=4-1
Doing system of equations (7) it can be received, that:
1)
L=4-@+§)=+h+zws (8)
Using relation (2), there are following equations:
§=m-h 9)
From two last equations it can be received, that:
L=4-h+2-m-h (10)
L
E =44+2-m (11)

The height of the designed building is accepted as following: H = 65 m.
Then, the quantity of substructures with length L, which are a part of the facade, will be equal to:
n=13
Thus, whole height of the building composes (n - L).
From article [2] it is known that the «optimal» air gap with maximum capacity is described by the formula:
H 1

R Ty (12)
eq
where H — height of building, m;
Aeq — €quivalent pipe friction number.
n-L _ 1 (13)
, h Aeq
n-
T=n-(4+2-m) (14)
Head loss coefficient in complex gap is determined by formula:
L
(f = Aeq ! E (15)
Keeping in mind the geometry of our gap, there is the following expression:
L—-1 1
(fz/lo'(_h +E) (16)
where (/10 LT_I) — loss of pressure head in narrow part of air gap;
(/10 %) — loss of pressure head in wide part of air gap.
After equalization the right part of the last two equations, the following equation can be received:
L L—-1 1
el — 17
Aea ', L’g h AFH) (17)
hq:l“(§+2+) (18)
Consequence from formulas (1) and (2):
6 H-h H L (19)
m_h; h  h
ﬁ =m+1 (20)
Equations (18) and (20) allow to get following relation:
1 1
qu"AO'(E'Fz-(nz+-1)) 1)
Using equations (13) and ratio for 1., there are following equations:
n-L _ 1
h, (1 1 (22)
AO(2+2(m+1ﬁ
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n-L 2-(m+1)

h Ay (m+2) (23)
After equalization the right part of equations (14) and (23), there are ensuing equations:
2:-(m+1)
Lomizg m@rZm (24)
There is second-degree equation:
1 1
2 — . — =
m+(4 n-/lo) m+(4 n-/lo) 0 (25)
The condition of real roots™ existence of this equation looks like:
1 1
— >
4'(7’1'&0)2 n.AO_O (26)
1
. Z 27
n-Ay < 2 (27)

1 . . s . . . .
Whenn- A, = " there is one equation root m = 0, then o= 0. This ratio does not satisfy us because in

this case air gap does not have variable width.
Equation roots:

1 1 1
S + — 28
M2 2+2-n-/10_\/4-n2-/1(2) n- 4, (28)
To estimate the received results two dependency diagrams were constructed:
1. m = f(n) with Gr, = fix;
2. m = f(Gry) withn = fix.
Comments to figures 3 and 4: our calculations are in the range of low Reynolds numbers, therefore:

1= 64
°= Tom (29)
where Gry, — Grashoff number:
G‘rh = ‘VZ ( )
50
40
§30
S
Tg 20
<
210
% \
-10
0 5 10 15
Quantity of substructures (n)
==h=0,02M  ===h=0,05M  ====h=0,07™m h=0,1m
e===h=0,12M  e===h=0,15M  e=—=h=0,17Mm h=0,20m

Figure 3. Dependency diagram m from n
Inference for Figure 3:

The value of m asymptotically approaches to one when the number of substructures n is rising. Thus, loss-
reducing effect in air gap with variable width fails when building has large height and insufficient length of

cantilevers. When using the long cantilevers loss reducing effect is significant. In low-rise building for any length
of cantilevers creating of air gap with variable width can give results.
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Figure 4. Dependency diagram m from lgGr
Inference for Figure 4:

It is proved that in real range of low Reynolds numbers free-convective flow is possible for some h > hy.
Grashoff number is limited below the value of ~10°.
It is also clear that in the small gap there is no free-convective flow.

5. Conclusion

The work has been dedicated to the hydraulic calculation of the construction of vertical air gap with variable
width in the double-skin facades for the design of public and business center. In the calculations, the following
tasks have been solved:

1. Vertical air gap with variable width in the combined facades has been constructed. It's been proved that
loss-reducing effect in air gap with variable width fails when building has large height and insufficient
length of cantilevers. When using the long cantilevers loss reducing effect is significant.

2. After the necessary calculations and construction of the corresponding dependency diagrams, the main
conclusion has been received: there is no free-convective flow in the small gap.

Having analyzed the results it can be approved that the energy efficiency of buildings with double-skin

facades needs to pay special attention to the construction of the air gap, which depends on the geometric and
thermal characteristics of the building, as well as its location.

Hydraulic calculation of ventilated gap is an inalienable part of the design and calculation of enclosing structures
in the case, when double-skin facades are used.

40
MudTaxosa [.P., Hemoea [.B. KoHCTpyKUMA nepeMeHHOro no WmnpuHe BEHTUMMPYEMOro 3a3opa B HaBECHbIX BEHTUNMpyembix dhacagax/
Miftakhova D.R., Nemova D.V. Construction of the air gap with variable width in the double-skin facades. ©



CTpouTenbLCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2016, Ne4 (43)
Construction of Unique Buildings and Structures, 2016, Ne4 (43)

References

[1].

[2].

[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

Petrichenko M.R., Petrochenko M.V. Gidravlika svobodnokonvektivnykh techeniy v ograzhdayushchikh
konstruktsiyakh s vozdushnym zazorom. Inzhenerno-stroitelnyy zhurnal. 2011. Ne8(26). S. 51-56.

Yemelyanova V.A., Nemova D.V. Miftakhova D.R. Optimizirovannaya konstruktsiya navesnogo
ventiliruyemogo fasada. Inzhenerno-stroitelnyy zhurnal. 2014. Ne6(50). S. 53-66.

Petrichenko M.R., Petrochenko M.V., Yavtushenko Ye.B. Gidravlicheski optimalnaya ventiliruyemaya shchel.
Inzhenerno-stroitelnyy zhurnal. 2013. Ne2(37). S. 35-40.

Kuzmenko D.V., Vatin N.I. Ograzhdayushchaya konstruktsiya «nulevoy tolshchiny» — termopanel. Inzhenerno-
stroitelnyy zhurnal. 2008. Ne 1. S. 13-21.

Yavtushenko Ye. B. Osnovy gidravlicheskogo rascheta navesnykh ventiliruyemykh fasadov. Stroitelstvo
unikalnykh zdaniy i sooruzheniy. 2013. Ne 2 (7). S. 55-61.

Ayinde T.F., Said S.A.M., Habib M.A. Experimental investigation of turbulent natural convection flow in a
channel. Heat and Mass Transfer. 2006.Vol. 42. Issue 3. Pp. 169-177.

Ayinde T.F., Said S.A.M., Habib M.A. Turbulent natural convection flow in a vertical channel with anti-
symmetric heating /. Heat and Mass Transfer. 2008. Vol. 44. Issue 10. Pp. 1207-1216.

Bodia J.R., Osterle J.F.The development of free convection between heated vertical plates. Journal Heat
Transfer. 1962. Vol. 84.Issue 1. Pp. 40—43.

Elenbaas W. Heat dissipation of Parallel plates by free Convection. Physica. 1942. Vol. 9. Issue 1. Pp. 1-28.

Fedorov A.G., Viskanta R., Mohamad A.A. Turbulent heat and mass transfer in an asymmetrically heated,
vertical parallel plate channel. International Journal of Heat and Fluid Flow. 1997. Vol. 18. Issue 3. Rp. 307-
315.

Fedorov A.G., Viskanta R. Turbulent natural convection heat transfer in anasymmetrically heated, vertical
parallel-plate channel. International Journal of Heat and Mass Transfer. 1997. Vol. 40. Issue 16. Rp. 3849—
3860

Naylor D., Floryan J.M., Tarasuk J.D. A Numerical study of Developing Free convection Between Isothermal
vertical plates. Journal of Heat Transfer. 1991. Vol. 113. Issue 3. Rp. 620—626.

Naylor D., Tarasuk J.D. Natural Convective Heat Transfer in a Divided vertical channel Part-l — Numerical
Study. Journal of Heat Transfer. 1993. Vol. 115. Issue 2. Rp. 377-387.

Sparrow E.M. Azevedo L.F.A. Vertical channel natural convection spanning between fully-developed limit and
the single-plate boundary-layer limit. International Journal Heat Mass Transfer. 1985. Vol. 28. Issue 10. Pp.
1847-1857.

Tanda G. Natural Convection Heat Transfer in vertical channels with and without transverse square ribs.
International Journal of Heat Mass Transfer. 1997. Vol. 40. Issue 9. Rp. 2173-2185.

Miyamoto M. [et al]. Turbulent Free Convection Heat Transfer From Vertical Parallel Plates.Proceeding of the
International Heat Transfer Conference. 1986. Vol. 4. Rp. 1593-1598.

Badr H.M. [et al]. Turbulent natural convection in vertical parallel-plate channels. International Journal Heat
Mass Transfer. 2006. Vol. 43. Pp. 73-84

Habib M.A. [et. al]. Velocity characteristics of turbulent natural convection in symmetrically and asymmetrically
heated vertical channels. Experimental Thermal and Fluid Science. 2002. Vol. 26. Issue 1. Rp. 77-87.

Yilmaz T., Gilchrist A. Temperature and velocity field characteristics of turbulent natural convection in a
vertical parallel-plate channel with asymmetric heating. Heat Mass Transfer. 2007. Vol. 43. Issue 7. Pp. 707—
719.

Vatin N.I., Gorshkov A.S., Nemova D.V., Staritcyna A.A., Tarasova D.S. The Energy-Efficient Heat Insulation
Thickness for Systems of Hinged Ventilated Fasades. Advanced Materials Research. 2014. No. 941-944. Pp.
905-920.

Korniyenko S.V. Temperaturno-vlazhnostnyy rezhim naruzhnykh sten s ventiliruyemym fasadom. Academia.
Arkhitektura i stroitelstvo. 2009. Ne 5. S. 389-394.

Tusnina O.A., Yemelyanov A.A., Tusnina V.M. Teplotekhnicheskiye svoystva razlichnykh konstruktivnykh
sistem navesnykh ventiliruyemykh fasadov. Inzhenerno-stroitelnyy zhurnal. 2013. Ne 8(43). S. 54-63.

Isayev S.A., Vatin N.I., Baranov P.A., Sudakov A.G., Usachov A.Ye., Yegorov V.V. Razrabotka i verifikatsiya
mnogoblochnykh vychislitelnykh tekhnologiy dlya resheniya nestatsionarnykh zadach stroitelnoy aerodinamiki
vysotnykh zdaniy v ramkakh podkhoda URANS. Inzhenerno-stroitelnyy zhurnal. 2013. Ne1. S. 47-61.

41

MudTaxosa [.P., Hemoea [.B. KoHCTpyKUMA nepeMeHHOro no WmnpuHe BEHTUMMPYEMOro 3a3opa B HaBECHbIX BEHTUNMpyembix dhacagax/
Miftakhova D.R., Nemova D.V. Construction of the air gap with variable width in the double-skin facades. ©



CTpouTenbLCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2016, Ne4 (43)
Construction of Unique Buildings and Structures, 2016, Ne4 (43)

[24]

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

. Mashenkov A.N., Kosolapov Ye.A., Cheburkanova Ye.V. Svobodnaya odnomernaya konvektsiya v
vozdushnom zazore navesnykh fasadov zdaniy s raznymi teplovymi potokami cherez oblitsovochnyy sloy i
stenku. Zhilishchnoye stroitelstvo. 2009. Ne9. S. 27-31.

Mashenkov A.N., Cheburkanova Ye.V. Opredeleniye koeffitsiyenta teplotekhnicheskoy odnorodnosti
navesnykh fasadnykh sistem s vozdushnym zazorom. Stroitelnyye materialy. 2007. Ne6. S. 10-12.

Mashenkov A.N., Kosolapov Ye.A., Cheburkanova Ye.V. Matematicheskoye modelirovaniye konvektivhogo
teploobmena okolo steny zdaniya v priblizhenii pogranichnogo sloya. Izvestiya vysshikh uchebnykh
zavedeniy. Stroitelstvo. 2011. Ne5. S. 65-71.

Mashenkov A.N., Cheburkanova Ye.V. Graficheskiy analiz vlazhnostnogo rezhima i paropronitsayemosti
navesnoy fasadnoy sistemy s vozdushnym ventiliruyemym zazorom tipa Ukon v diagramme Shpaydelya.
Zhilishchnoye stroitelstvo. 2007. Ne 11. S. 2-5.

Mashenkov A.N., Kosolapov Ye.A. O metodakh chislennogo resheniya dvumernykh uravneniy Bussineska
dlya svobodnoy konvektsii. Academia. Arkhitektura i stroitelstvo. 2010. Ne 3. S. 292-296.

Mashenkov A.N., Kosolapov Ye.A., Cheburkanova Ye.V. Obshchaya sistema uravneniy Bussineska dlya
odnomernoy svobodnoy konvektsii v ploskom vertikalnom sloye. Privolzhskiy nauchnyy zhurnal. 2012. Ne 2. S.
93-98.

Gagarin V.G., Kozlov V.V., Lushin K.I. Skorost dvizheniya vozdukha v prosloyke navesnoy fasadnoy sistemy
pri yestestvennoy ventilyatsii. Zhilishchnoye stroitelstvo. 2013. Ne 10. S. 14-17.

Gagarin V.G. Teplofizicheskiye problemy sovremennykh stenovykh ograzhdayushchikh konstruktsiy
mnogoetazhnykh zdaniy..Academia. Arkhitektura i stroitelstvo. 2009. Ne 5. S. 297-305.

Lapin V.G., Lapin S.V. Raschet konvektivhogo dvizheniya vozdukha v kanale ventiliruyemogo fasada pri
nalichii gorizontalnykh shcheley mezhdu plitkami oblitsovki. Privolzhskiy nauchnyy zhurnal. 2012. Ne 2. S. 85-
92.

Kornilov T.A., Ambrosyev V.V. Eksperimentalnyye issledovaniya vliyaniya vozdushnogo potoka v zazore na
teplozashchitnyye svoystva ventiliruyemykh fasadnykh sistem. Academia. Arkhitektura i stroitelstvo. 2010. Ne
3. S. 344-347.

Nemova D.V. Integralnyye kharakteristiki termogravitatsionnoy konvektsii v vozdushnoy prosloyke navesnykh
ventiliruyemykh fasadov. Inzhenerno-stroitelnyy zhurnal. 2013. Ne2(37). S.24-36.

Petrichenko M.R., Petrochenko M.V. Dostatochnyye usloviya sushchestvovaniya svobodnokonvektivhogo
techeniya v vertikalnom shchelevom kanale. Nauchno-tekhnicheskiye vedomosti SPbGPU. 2012. Ne147. S.
276-282.

Petrochenko M.V. Osnovy gidravlicheskogo rascheta SKT v ograzhdayushchikh stroitelnykh konstruktsiyakh.
Avtoreferat diss. na soisk. uchen. step. k.t.n. Spets:05.23.16. SPb, 2012. 20 s.

Nemova D.V., Yemelyanova V.A., Miftakhova D.R., Ekstremalnyye zadachi rascheta svobodnokonvektivnykh
dvizheniy v navesnykh ventiliruyemykh fasadakh. Inzhenerno-stroitelnyy zhurnal. 2013. Ne8(43). S. 46-53.

Alkhimenko A.l, Vatin N.I., Rybakov V.A. Tekhnologiya legkikh stalnykh tonkostennykh konstruktsiy. SPb,
2008, 27 s.

Lalin V. V., Rybakov V.A. Konechnyye elementy dlya rascheta ograzhdayushchikh konstruktsiy iz
tonkostennykh profiley // Inzhenerno-stroitelnyy zhurnal. 2011. Ne8(26). S. 69-80).

Rybakov V.A. Primeneniye polusdvigovoy teorii V.l. Slivkera dlya analiza napryazhenno-deformirovannogo
sostoyaniya sistem tonkostennykh sterzhney. Dis. na soisk. uchen. step. k.t.n. Spets: 01.02.04 Sankt-
Peterburg, 2012. 184 s.

Rybakov V.A., Gamayunova O.S. Vliyaniye perforatsii stenki na nesushchuyu sposobnost termoprofiley //
Zhurnal dlya professionalov «StroyPROFII». 2008. Ne 1(63). S. 128-130.

Lalin V.V., Rybakov V.A., Sergey A. The Finite Elements for Design of Frame of Thin-Walled Beams. Applied
Mechanics and Materials. 2014. Vol. 578-579. Pp 858-863.

42

MudTaxosa [.P., Hemoea [.B. KoHCTpyKUMA nepeMeHHOro no WmnpuHe BEHTUMMPYEMOro 3a3opa B HaBECHbIX BEHTUNMpyembix dhacagax/

Miftakhova D.R.

, Nemova D.V. Construction of the air gap with variable width in the double-skin facades. ©



CTpouTenbLCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2016, Ne4 (43)
Construction of Unique Buildings and Structures, 2016, Ne4 (43)

KOHCTpYKUMA nepeMeHHOro no LMpuHe BeHTUNMpyemMoro 3asopa B
HaBeCHbIX BEHTUNUpyembIxX cpacagax

0.P. Mudraxosa', [1.B. HemoBa?
-2Cankm-emepbypackuli nonumexHudeckuli yHusepcumem [Nempa Benukoeo, 195251, Poccusi, 2. CaHkm-

lemepbype, NonumexHu4eckas yn., 29

UHdopmauus o ctatbe Uctopusn KnroueBble crnoBa

YK 692.232.45 MopaHa B pegakuumio 29 sHeaps 2016 rMapaBrnvika,
HaBeCHOW BEHTUNMpyeMbln dacag;
CBOOOAHO-KOHBEKTMBHOE TEYEHUE;
BeEpPTMKarbHbIN BEHTUNMPYEMBbIN 3a30p;
nepeMeHHas LUMprHa 3a30pa;

AHHOTALINA

CoOBpEMEHHBIV PbIHOK OrpaXKOatoLLMX KOHCTPYKUUA TPYAHO NpeacTaBuTb 03 HaBECHbIX BEHTUITMPYEMbIX
dacagos (HB®). HB® 3apekomeHngoBanu cebs Kak MHOTOQYHKLMOHANbHbIE CUCTEMBI, CMOCOOHbIE MOBLICUTL
3HEepProapHeKTMBHOCTL 30aHuM. Bo3gyliHbIN 3a30p, HaxodsAwMncs nog obnuUOBKOW, OTBeYaeT 3a OTBedeHue
BNarm M3 KOHCTPYKUMW. [py MpoeKkTUpOBaHWMM COBPEMEHHbIX 34aHWA BO3MOXHbI Crydan MWCMOMb30BaHUsS B
KayecTBe OrpaXkgaroliMiA KOHCTPYKUUA HEeCTaHOapTHbIX peleHun. Hanpumep, KOMOWHMpOBaHHbIE dhacagbl,
BKItoYatoLme B cebst He Tonbko HB®, HO n BUTpaxHoe ocTekneHue. B pedynbtaTe obpasyeTcs NepeMeHHbIN no
LWMPUHE BO3AYLWHbIA 3a3op. Llenb gaHHom paboTbl — rMApaBnMYECKU pacHeT KOHCTPYKUMM NEPEMEHHOro Mo
LUMPUHE BEPTMKaNbHOrO BEHTMNMpyeMoro 3a3opa. B xoge paboTbl 6bio gokaszaHo, YTO nNpu GONbLIOW BbICOTE
34aHua 1 Manon AMNWHbl KPOHLLUTENHOB 3OMEKT CHUXEHUS NOTepb B MEPEMEHHOM MO LUMPUHE BEHTUNUPYEMOM
3a3ope He JaeT pe3ynbTaToB. Takke AOKasaHOo, YTO B MarioM MO LMpUHE BO3AYLLIHOM 3a3ope CcBOOOOHO-
KOHBEKTMBHOE TevyeHMe HEBO3MOXHO. [lonyyeHHble pe3ynbTaTbl MOTYT HaWTU MpakTUYeckoe npuMeHeHune npu
NPOEKTUPOBAHNM aHanorMyHbIX 34aHUA U aHanu3e CBOOOOHO-KOHBEKTUBHOIO TEYEHMSI BO3gyxXa B BO3AYLUHOM
3a3ope HOB.

” KoHmakmHbIl asmop:
+7 (981) 888 3718, dinara.miftakhova@gmail.com (Mudtaxosa QuHapa PobepToBHa, CTYyQEHT)

+7 (921) 890 0267, darya.nemova@gmail.com (HemoBa Japbsi BuktopoBHa, nHxeHep, cTapLunii npenofaBaTenb)
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