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Abstract—Intensification of natural thermal convection near
electric devices is possible by application of additional elements
as screens creating convection canals close to the device. In the
earlier authors paper the results of the analysis of thermal
convection with the use of only one additional screen close to
the electric device were presented. This paper presents
computer modelling of thermal convection when two screens
near the electric device are implemented. One of the screen is a
wall close to the electric device.

Index Terms—Electric devices, current-carrying capacity,
heat transfer, thermal convection, thermal analysis.

I. INTRODUCTION

Effective heat transfer to the environment from electric
devices is critical for their safe and economic operation.
Intensive heat transfer is required for increasing current-
carrying capacity of electric devices. Heat transfer can occur
in a natural (free) or forced (artificial) way. Forced
convection is generally obtained by the use of air motion
generators — ventilators. This is the heat transfer method of a
relatively high effectiveness. Unfortunately, periodic
verification is then necessary and energy supply incurs
additional costs. The natural convection-based heat transfer
methods are characterized by lower energy efficiency but
have certain advantages [1]-[7].

Convective heat transfer intensity depends on air velocity
and air temperature in the proximity of electric device
surface. Fig. 1 presents typical variation of the above
mentioned parameters [8].

The velocity profile wy, can be described on the base of the
momentum balance equation
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where g — gravitational acceleration (9,81 m/s®), p, —

ambient air density (kg/m’), p—local air density (kg/m’),
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P — coefficient of air expansion (1/273), v, — temperature
increment, o — boundary layer thickness, x — distance from
the surface.
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Fig. 1. Air velocity wy and air temperature T variations near flat surface —
natural thermal convection.

The boundary layer thickness can be evaluated by the
following expression
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where g — dynamic viscosity of air, A — thermal conductance
coefficient of thermal conductivity of air (W/mK), ¢, —
specific heat (J/kgK).

The solution of the expression (1) can be presented in the
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Amount of heat Q which is transferred from the flat
surface depends on the mass flow rate of the air convection
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where m — mass flow rate (kg/s) depends on the air velocity
and temperature field, AT =T, - T).

Authors of this paper examine the possibility of natural
convection intensification by forming air temperature field
and air velocity close to the surface of electric device. This
intensification can be obtained by the use of stationary
screens near the device. Earlier paper [9] presented natural
convection intensification by the use of only one screen. In
this paper, computer modelling of the heat transfer for the
example configuration of electric device with two screens is
presented. One of the screens is a wall close to the electric
device. For computer modelling, the Ansys/Flotran code was
employed.

II. ELECTRIC DEVICE WITH TWO SCREENS

The analysis — similarly to the previous studies [9] — was
carried out on a simplified electric device model
(145x115 cm) emitting the heat to the environment. Now the
heat is emitted from two flat surfaces of the device — electric
device is moved from a wall. The model diagram is shown in
Fig. 2. The assumed temperature of those surfaces is 328 K
(55°C) and the environment (ambient) temperature is 293 K
(20°C). The distance of each screen to the heat emitting
surface is equal to x = 4 cm. This is the optimum distance
between the electric device and the screen indicated in [9].
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Fig. 2. Diagram of the analysed example; g — heat flux generated by the
analysed electric device surfaces, wq — air velocity at the system inlet, wy, —
air velocity at the system outlet, L — electric device and right screen height,
x — horizontal distance from the analysed electric device surface to the
screens, cl, ¢2, ¢3, ¢4 — consecutive number of corner.

Simulations of the air temperature fields (Fig. 3) and air
velocity fields (Fig.4) were carried out with the Ansys
software for the cases of arrangement without screens and
with screens at a distance of x = 4 cm from the analysed
electric device surfaces. Comparison between Fig. 3a and
Fig. 3b indicates that more intensive air motion occurs in the
arrangement with screens, which has a positive impact on the
heat transfer to environment. Similar conclusion flows from
comparing Fig. 4, (a) and Fig. 4, (b).
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Fig. 3. Air temperature fields — results of simulation investigations of the
analysed surfaces: a) without screen [9], b) with two screens at a distance
of x = 4 cm (at the both sides of the electric device).

Fig. 5 presents enlarged parts of the electric device (upper
part and bottom part) and air velocity vectors close to the
surfaces. Such detailed computer analysis enables to indicate
the direction of air velocity vectors.

Results of detailed computer simulation presented in Fig.
5a reveal the “chimney effect”. This effect amplifies
intensity of thermal convection and enables to increase the
current-carrying capacity of electric devices.
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Fig. 4. Air velocity fields — results of simulation investigations of the
analysed surfaces: a) without screen [9], b) with two screens at a distance
of x = 4 cm (at the both sides of the electric device).
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Fig. 5. Air velocity distribution: a) at the top of the electric device, b) at
the bottom of the electric device; arrangement with two screens.

Comparison of air velocity vectors close to each canal
allows to state that the effect of particular canal is not
identical. The arrangement is asymmetrical — the right-side

screen is shorter than the left-side. The right-side screen and
its adjacent canal enables to obtain higher air velocity than
the left canal.

The traces in Fig. 6 are the confirmation for the above
conclusion. The maximum value of air velocity (Fig. 6b) is
higher in the upper right corner (the right-side screen) than
the upper left corner (the left-side screen).

Higher air velocity makes that temperature in the right-
side canal decrease higher with increasing horizontal
distance between the electric device surface and the screen,
than in the left-side canal. Variation of air temperature in
canals as a function of horizontal distance between the
electric device surface and the screen is presented in Fig. 7.
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Fig. 6. Air velocity w as a function of distance x from the surface: a) upper
left corner cl, b) upper right corner c2; each screen at a distance of
x=4cm.
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Fig. 7. Air temperature T as a function of distance x from the surface: a)
upper left corner cl, b) upper right corner c2; each screen at a distance of
x=4cm.

III. CONCLUSIONS

Performed computer analysis and modelling present
thermal convection process along flat surfaces of the
example electric device. Flat screens applied near electric
device make thermal convection process more intensive in
comparison to the arrangement without screens. Detailed
analysis of air velocity vectors can be supportive for
searching methods of further increasing of natural thermal
convection. The height of screens near electric devices is
important for intensification of natural thermal convection.
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