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AHHOTauusA. PaccmaTpuBaeTcsl 3ajaya CModKHOrO TennoobmeHa B 3aMKHYTOA MONOCTW C TBEPAbIMA
TEnaonpoBoAHbIMK  CTeHkamu. O6nacTb pelleHus, B HEKOTOPOM NpPUGIMMKEHWM, COOTBETCTBYET
nycToTenomy 6eTOHHOMY OnoKy. PelueHve nmpeAcTaBneHHON 3afaun MPOBELEHO HA OCHOBE paspaboTaHHol
BbIYMCINTENBHOM MOLENM, BKIOYAIOLLEH YpaBHEHNS! HEPA3PbIBHOCTW, ABU>KEHWS M S3HEPrUM B BO3AYLUHON Cpefe,
a TaKXKe ypaBHeHWe TennonpoBOAHOCTMW B TBepAblX CTeHKax. MpoBedeHa Bepuchmkaums paspaboTaHHbIX
MaTeMaTU4eCKNX Mogeneil 1 paspaboTaHHbIX YUCNEHHBbIX aArOPUTMOB Ha WM3BECTHbIX 3KCMEPUMEH T a/lbHbIX
JaHHbIX 1 MOfENbHBIX 3aavax. [poBefeH aHanM3 BANAHUS CETOYHbIX MApaMeTPOB HA CTPYKTYPY TeUeHUs U
TennoobmeH B 06nacTw peleHus. B pesynbTaTe nonyyeHbl pacnpefeneHns TepmoruapoanHamMmyecKux
XapaKTepUCTUK BHYTPU aHaIM3MPyeMoro 06beKTa, YCTAaHOBNEHb! 3HAYEHUS UHTErpanbHbIX napamMeTpoB Ha

XapaKTepPHbIX rpaHnLax.

Introduction. The problem of heat and energy conservation is highly relevant in the world. In the energy
balance of Russia, the construction industry consumes more than 55% of all extracted energy resources [1].
Improving the energy efficiency of buildings saves enormous amounts of money and makes housing better and
more comfortable. The study of heat transfer characteristics in buildings and structures based on mathematical
modeling is relevant, due to the need to develop models that reflect the dependence of the internal temperature of
the object from the external climatic conditions and different building characteristics. The interest in this problem
has led to numerous experimental and numerical studies [2-4]. Thermal performance of hollow autoclaved aerated
concrete blocks in wall constructions of buildings under hot summer conditions has been investigated by Mahmoud
et al. [5]. They determined the size and distribution of cavities (within building blocks) that reduce heat flow
through the walls and thereby lead to energy savings in air conditioning. Their findings indicated that several small
cavities in a block may lead to small reductions in heat flux, but the best configuration found is a large cavity with a
fine divider mesh in which case heat flux reductions of 50% are achievable.

Published works on this issue contain analysis of fairly simple formulations (the temperature of the
source is constant and Dirichlet boundary condition is considered at the external boundaries), which does not

allow using the results obtained in the study of physical processes and phenomena occurring in real hollow
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concrete blocks. The goal of this study is to investigate thermogravitational convection with surface radiation
inside the enclosure (within a building block).

Research methods. The problem under consideration is shown in Figure 1 It is a square enclosure
bounded by concrete walls of finite thickness h. The medium inside the enclosure is air, which is incompressible
and radiatively transparent. The change in air density with temperature is introduced through the Boussinesq
approximation. The external surfaces of top and bottom walls are maintained adiabatic. On left and right external
borders of solid walls, convective heat exchange with an environment is simulated. It should be noted that the

thermal properties of both the solid walls material and the air are the temperature independent.

Fig. 1 Schematic diagramfor a hollow block

Bearing in mind the above assumptions, the Reynolds-averaged Navier-Stokes equations can be written in

the following form:
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Here x1,x2are the physical coordinates; T is the temperature; ul, u2are the velocity components in the

projection on the x1 and x2axes, respectively; e isthe dissipation rate of the kinetic energy of turbulence; awis

the coefficient of thermal diffusivity of the solid wall material; v is the coefficient of kinematic viscosity; W is

the coefficient of turbulent viscosity; g is the gravitational acceleration; k is the kinetic energy of turbulence;
atis the coefficient of turbulent thermal diffusivity; B is the temperature coefficient of volume expansion; t is
the time; L is the characteristic size of the enclosure (Figure 1). The Kolmogorov-Prandtl formula vt =c”kje

was used to calculate turbulent viscosity. To solve the set of governing equations (1)-(5) the finite-difference
method is used. To change a non-uniform grid in physical domain to a uniform grid in computational domain, a
special algebraic coordinate transformation is applied.

Conclusion. In this study, we have provided a complex overview of the available results concerning the
heat transfer and fluid flow inside a hollow concrete block. The effect of dimensionless time and surface
emissivity of internal surfaces has been investigated. The total heat transfer, which includes both the convective
and radiative heat transfer, was also studied. A role of the free convection in the total energy transport is
decreased with the walls surface emissivities. At the same time, reducing the effects of convection is
compensated by the contribution of radiative mechanism.

This work was supported by the Russian Science Foundation (Project No. 19-79-00296).
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