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Abstract

To prevent the intake of downward cold air flow from translucent structures into the room serving area, convectors
with natural convection, embedded in floor construction, are used.

Convector operation was simulated at various distances from the glazing to the convector with ANSYS Fluent 14.5
program. Temperature and velocity fields inside the room were determined.

Natural convective flows in the room (downward cold air flow at the glazing and upward warm air from the convector)
were described. Application conditions of in-floor convectors with natural air circulation were determined.
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Introduction

Glazed window openings represent a source of dis-
comfort for people inside the building due to the gener-
ation of downward cold air flows at the glazing and their
intake into the room serving area. Use of heating units in
the form of convectors with natural or forced air circula-
tion, embedded in floor construction (in-floor convectors),
is one of the solutions preventing cold air intake (Krup-
nov and Krupnov, 2010; Mayorov, 2014; Makhov, 2014;
composite author, 2012; "VITATERM", 2008; Babiak et al.,
2013). The convector is located directly at the glazing or at
a distance of 80—-350 mm from it.

To develop a procedure for engineering of water heat-
ing systems with in-floor convectors, it is necessary to
get an overview of interaction between two air flows: the
downward cold air flow at the glazing and the upward
warm air flow from the heating unit.

Figure 1 presents the data of experimental studies of
the glazing temperature influence on the generation of
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flows coming from the fan convector embedded in floor
construction (convector with forced air circulation), and a
qualitative picture of the air flows movement at the con-
vector inlet and outlet (Muller M. et al., 2013).

A conclusion of the insignificant influence of glazing
cooling in the measured area on the movement of the ad-
hering air flow from the convector fan was made. How-
ever, it does not mean that this effect cannot occur at a
higher vertical position.

The heat flow from the convector was experimentally
determined and the pattern of air flows and temperature
fields was simulated for the room with a convector with
natural convection (Basta and Legner, 2017).

It was established that the radiation component of the
heat flow was less than 1%. The mathematical simulation
of temperature and velocity fields for the room with the
area of 4 x4 x 2.6 m and window dimensions of 2 x 2.4 m
was performed (Figure 2).
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Figure 1. Air flow patterns during fan convector operation:
A — fan convector principle; B — air flow patterns; C — comparison of vertical velocity components for temperatures
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Figure 2. Design model of the room and results of temperature and velocity field studies:
A, B — design model of the room and the studied convector; C — temperature field of the internal surface of the external wall and glazing;
D — velocity field at section along the convector axis in a plane perpendicular to the window
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A BITHERM Floor convector with natural convection
(dimension: 2000 x 245 x 55 mm) was installed at a dis-
tance of 70 mm from the glazing. The specific heat flow
on the glazing surface is equal to 38.4 W/m?, and on the
surface of the external wall it is equal to 8 W/m?2. The tem-
perature at the surface of the heating element was as-
sumed to be 50°C.

Taking into account simulation conditions, it was es-
tablished that the heated air flow from the convector was
adhering to the glazing surface (Figure 2). In the upper
part of the room, an enclosed circulation area with the
downward cooled air flow is generated upon air flow turn-
ing and adhering to the ceiling (Smirnov et al., 2017).

This study allows concluding that the convective flow
from the convector, progressing at the vertical cooled bar-
rier (glazing), shows a tendency to adhering. The adher-
ing of convective flows has been understudied. Therefore,
the study objective is to obtain qualitative characteristics
related to the progressing of convective flows depending
on the distance between the glazing surface and the con-
vector (Vasiliev, 2017).

Methods

To account the actual operating conditions of the con-
vector embedded in floor construction and for a detailed
study of distribution of velocity and temperature fields in-
side the room, convector operation was simulated with
ANSYS Fluent 14.5 program.

A room with the dimensions typical for residential and
public buildings was adopted as a model: width — 3 m;
depth — 6 m; height — 3 m (Figure 3). The window dimen-
sions — 3 x 3 m. A KRKP-1.058-128 convector (OJSC
"Izoterm", Russia) was simulated (VITATERM, 2008). The
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convector is located at a distance of 100 mm from the
glazing.

In simulation, the following conditions were preset:

- temperatures on the internal surfaces (side walls,
floor, ceiling) — plus 18°C;

- outside air temperature — minus 24°C;

- heat transfer coefficient of the external surface of the
glazing — 23 W/(m? K);

- heat transfer coefficient of the internal surface of the
glazing — 8 W/(m? K);

- average thermal resistance of the glazing — 0.685
(M2 K)/W;

- temperature on the surface of the heating element
— 64.5°C;

- location of the heating element of the convector — in
the center of the box.

Results

The calculation results for velocity and temperature
fields in the room, obtained at various distances from the
glazing to the convector (I, mm), are presented in Figures
4 and 5. Based on these calculations, it is possible to eval-
uate the nature of the interaction between the downward
flow at the glazing and the upward flow coming from the
convector provided the heat flow from the convector is
equal to heat losses through the glazing.

If the distance between the glazing and the convector
is less than 400 mm, the warm air flow adheres to the
glazing throughout its height. At a distance of 400 mm,
three areas are generated at the internal surface of the
window: a downward cold flow of natural convection (a
cold air jet), a vortex area and a semi-restricted gravita-
tional (warm) jet from the convector (Figure 4).

Figure 3. Design model of the room and the convector
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Figure 4. Simulation results for velocity fields of the room (section along the room axis; a plane perpendicular to the window)
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Figure 5. Simulation results for temperature fields of the room (section along the room axis; a plane perpendicular to the window)

In the vortex area, where the warm and cold jets merge,
the direction of a newly formed jet changes sharply. The
jet is deflected deep into the room. The merging area is
located at ~ 2.4 m from the floor.

The increase in the distance from the glazing to the
convector to 1,000 mm results in the generation of two
flows: a downward cold air flow throughout the entire glaz-
ing height, which is partially mixed with an upward heated
air flow from the convector and enters the convector for
heating, and an upward warm flow from the convector,
which deflects towards the glazing.

The calculation data presented in Figures 4 and 5
show that the adhering convective jet from the convector
ascends to the upper part of the room and an area of ele-
vated temperatures develops, if the distance between the
convector and the glazing is less than 400 mm. Several
enclosed circulation areas are formed instead of a single
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circulating air flow. The increase in the distance to 1,000
mm allows adjusting the temperature field in the room.

Conclusions

1. Convectors with natural circulation, embedded in
floor construction, with a heat flow equal to heat losses
through the glazing and located at a distance less then
400 mm from the glazing, form a convective jet adhering
to the glazing and protecting the room from the downward
cold flow at the glazing.

2. To eliminate the nonuniform heating of the glazing,
the distance from the in-floor convector to the glazing
should be at least 100 mm.

3. It is recommended to place the heating element of
the in-floor heater with natural air circulation close to the
box wall on the glazing side or in the center of the box.
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