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There has been developed, manufactured and researched by numerical and experimental methods an
operating sample of a typical construction of a cooling system of electronic heat-loaded modules of dual
application, which can be used in devices of both special and civil purposes. The main idea of organizing
an effective cooling is to provide heat transfer from a heat-loaded module, located in conditions where it is
impossible to provide the thermal regime necessary for trouble-free operation, to an area where it is possible
to organize the dissipation of the transported heat flow through free convection. A gravity-assisted heat
pipe with a threaded capillary structure was used as a heat transfer device. As heat-loaded modules there
were used powerful volumetric electronic modules made in the form of a prism with flat side faces, on which
powerful semiconductor electronic components were installed. Due to application of a highly efficient closed
evaporation-condensation cycle of heat transfer occurred in heat pipes, it became possible to increase the
power of the electronic module in almost two times while keeping its temperature within the specified limits,
graphical dependences of the temperature of semiconductor electronic components on the consumed electric
power in the range from 13 to 36 W were obtained by using a calculation method. The experimental data
were compared with those obtained due to the calculation.
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Research objective

High-heat semiconductor electronic modules are wi-
dely used in devices of both special and civil purposes.
For example, high-power microwave electronic modules
are known to be used in antenna systems of radar engi-
neering [1,2], in energy-efficient LED lighting devices
[3,4], etc. Considering that a small part of the electrical
energy consumed by LED lighting devices is converted
into net energy of emitted signals in the power ampli-
fiers of antenna systems or into energy of optical
radiation, the rest major part thereof, is converted
into thermal energy and heats the semiconductor
crystal of the electronic component. The increasement
of temperature of the semiconductor crystal leads to
decreasement of its operation reliability. It has been
found that for every 2°C temperature rise, the reliabili-
ty of a silicon chip will be decreased by about 10 % [5,6].
The major cause of an electronic chip failure is due to
temperature rise (55 %) as against other factors which
accounts 20 % vibration, 19 % humidity and 6 % dust
[7]. To ensure reliable operation of electronic modules,
the development of highly efficient cooling systems for
heat-generating electronic components of the module
is required. The objective of this study is the selection
and study of the thermal characteristics of a typical

cooling system of electronic heat-loaded modules of
dual application, which could be used to ensure normal
thermal regime of both special-purpose products and
household lighting appliances.

1 Analysis of recent researches
and publications

To ensure a given thermal regime of electronic
heat-loaded modules now there are being used air cool-
ing systems with the application of highly thermally
conductive substrates [8,9], radiators [10,11], fans [12],
thermoelectric coolers [13] and liquid cooling systems
using heat exchangers with integrated minichannels
[14,15] and microspray devices [16].

The simplest in design and the cheapest are air
cooling systems, which, in turn, are divided into cool-
ing systems with natural air convection and cool-
ing systems with forced air convection. To increase
the cooling efficiency, the heat-generating surfaces
of powerful electronic components are equipped with
developed heat-exchange surfaces in the form of radi-
ators of any of those types. It is not always possi-
ble to place the radiator directly on the surface
of the electronic component or in the immediate
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closeness thereto, because of certain structural or
functional features of the device. To connect a heat-
loaded electronic component with a radiator, in such
cases thermally conductive devices are being used,
the simplest of which are busbars made of thermally
conductive material. The longer is the heat transfer
element (busbars), the higher is the temperature
difference along its length and the higher is the
temperature of the electronic component.

There are two ways to reduce the temperature di-
fference in the heat transfer element. The first way is
to increase the thermal conductivity of the material
from which it is made. However, this option is related
to the necessity to use such materials as diamond as
a heat transfer element, which is limited by its high
cost and deficiency. The second way is to use a highly
efficient heat transfer devices operating using a closed
evaporation-condensation cycle of heat transfer inside
the heat transfer element — the so-called heat pipes and
thermosiphons [17-19], which have a higher equivalent
thermal conductivity if to compare with metals.

Heat pipes and thermosiphons are now widely used
for cooling powerful electronic modules of both special
purposes (power amplifiers for radar and telecommuni-
cation systems) [20-22] and civil purposes (LED li-
ghting devices) [23, 24]. During operation [20] to cool
several power amplifiers of radar systems there is
used a cooling block of six heat pipes, located at an
angle of 85 degrees to the horizon, with horizontal
fins installed on the upper sections of the heat pipes.
During operation [21] to cool the power amplifier of
telecommunication equipment there is used a radiator
with radial flat vertical fins installed in the condensati-
on zone of a thermosyphon, which allows to dissipate
the heat flow of both forced and natural air convection
(Fig. 1). A similar design of the cooling system of the
electronic modules of the power amplifier is used in [22].
To cool electronic modules in household products, for
example, in LED lighting devices, there are used heat
pipes of both direct [23] and curved [24] shapes.

In general, the condensation zone of a heat pipe or
thermosiphon is usually removed at a certain distance
from the heat-loaded electronic component and is equi-
pped with a radiator, allowing to dissipate the removed
heat flow into the environment. The design and shape
of the radiators are quite diverse and depend on the
specific application conditions and design features of
the cooled device. Thus, the characteristics of a radi-
ator with partially cut lamellar fins, forming a system
of minichannels on the base surface were studied in [25].
A radiator with radially placed plate fins was studied
in [26], the characteristics of a radiator consisting of
a series of long fins with short fins located perpendi-
cular thereto were studied in [27], and [28] studied the
characteristics of a radiator in the form of pintles.

When developing a typical cooling system of dual
application, it should be considered that the design of
the cooling systems for civil purposes, for example, for

household LED lighting devices, has its own peculiari-
ty. Namely, the cooling system should not only effici-
ently transfer heat from the electronic component to
the radiator and dissipate it into the environment, but
also meet certain aesthetic requirements and produce a
pleasant visual perception at home. This feature should
be considered when designing civil cooling systems.

Fig. 1. A device and temperature field of the cool-
ing system of a power amplifier of telecommunication
equipment

2 Unresolved tasks and purpose
of work

A wide variety of air cooling systems based on heat
pipes, subject to the specifics of their purpose, leads
to increasement in the cost for their manufacturing.
It would be feasible to have a typical cooling system
based on the heat pipe of the simplest design, which
could be used for air cooling of electronic modules in
devices of both special and civil purposes.

The purpose of this work is to select and study the
thermal characteristics of a universal typical cooling
system for heat-loaded electronic modules using a heat
pipe equipped with a decorative radiator, which would
produce a pleasant visual perception if used in devices
intended for domestic use.

3 Selection of a typical design of
the cooling system with heat
pipes

As a typical cooling system of dual application,
suitable for air cooling of electronic modules in devices
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of both special and civil purposes, the cooling system
described in the patent of Ukraine [29] (Fig. 2a) has
been selected, which allows to efficiently remove heat
from heat-generating electronic modules located in a
sealed volume to a decorative radiator located outside
it using a heat pipe.

(b)

Fig. 2. A structural diagram of the cooling system of
the LED lighting device based on the gravitational heat
pipe with a threaded capillary structure (a) and its
three-dimensional computer model (b): 1 — dimensional
LED module; 2 — the base of the module with flat side
faces; 3 — powerful LEDs; 4 — thermally conductive
aluminum printed wire board; 5 — spherical ceiling; 6 —
electrical connectors; 7 — power source; 8 — mounting
plate; 9 — heat pipe; 10 — heat pipe housing; 11 —
threaded capillary structure; 12 — heat carrier; 13 —
radiator with cooling fins

A distinctive feature of this design of the cooling
system is the use of the gravitational heat pipe with a
simple capillary structure and a radiator in the form
of a ball with flat radial fins, producing a pleasant
external pleasant visual perception (Fig. 2b). The capi-
llary structure of the heat pipe is made in the form of
a thread with a fine pitch, for example 0.5 mm, cut on
the inner side in the evaporation zone of the heat pipe.
The condensation zone of the heat pipe is located above
the evaporation zone. Such technical solution enables
to produce a heat pipe at almost any enterprise speci-
alizing in mechanical-engineering, instrument-making,
electrical engineering or electronics.

Fig. 2b shows a three-dimensional computer model
of a typical design of a cooling system with a heat pipe
and a spherical radiator, designed to ensure normal
thermal regime of the dimensional electronic module.

Along with the numerical experiment, a full-scale
experiment has also been conducted. To perform
thereof, the same cooling system design was used,
consisting of a heat pipe with a threaded capillary
structure. A dimensional heat-loaded module with
electronic components in the form of semiconductor
LED light sources, and a radiator, the fins of which

were optimized to perform a free-convective heat
transfer, were installed on the heat pipe as an electronic
module. The heat released during the operation of
the electronic module has been effectively removed by
the heat pipe to a remote distance and dissipated
into the environment using a radiator installed in
the condensation zone of the heat pipe. The thermal
characteristics of the selected cooling system were
determined using computer simulation.

4 Methods of studying the
thermal characteristics of the
cooling system

It is known that thermo-convectional phenomena
in liquids in general, and in air in particular, are
described by a rather complex nonlinear system of
equations in partial derivatives. This system contains
equations of conservation of energy, momentum and
mass and equations of state. In numerical modeling,
various approximate approaches are widely used; the
most popular approach is the Boussinesq approach.
When using this approach, it is believed that physical
parameters of the medium are constant, the density
depends only on the temperature, and this dependency
should be considered only when expressing gravity.
Therefore, in the developed model, this known initial
system of equations of Newtonian fluid is formed as
follows [30]:

divv = 0,
ov . 1 9 .
— 4+ (0-V)U=—-—VP +vV<T+ 393,
or Po
oY
45V =aV
8T+U \Y% aV=1, (1)
p = po = —pop,
=T —Tp,
1 /0P
b= p0<8T)T’

wherein py — average value of medium density at
temperature Tj.

This system, which determines unknown functi-
ous, U, p/po, ¥, includes three parameters: thermal
conductivity coefficient a, kinematic viscosity coeffici-
ent v, free fall acceleration g and air volume expansi-
on coefficient 8. All of the above coefficients in the
model are described using polynomial temperature
dependencies.

The computational region of the studied structure
is modeled using an unstructured computational grid,
the shape of the finite element in this case is a prism.
The processes observed in all these solid-state volumes
are processes of non-stationary thermal conductivity
[31,32].

The thermal conductivity equations describing non-
stationary thermal conditions in a three-dimensional
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body have the following form:

oT \ o*T 90°T O°T
CmeE— (({91’2—’—82/24_322)) (2)
wherein: a, — average specific heat capacity of
the material, J/(kg-K); p — density, kg/m3; T -
temperature, K; 7 — time, sec; A — thermal conductivity,
W/(m-K); x, y, z — grid coordinates, m.

The initial conditions of equation (1) is the
temperature T'(z, y, z) for the elements of the studi-
ed structure at 7 = 0. The boundary conditions for
solid-state volumes are the boundary conditions of the
first kind. As this boundary condition, there is used a
wall temperature on the inner surface of the fins with
area S, preliminary determined by the Fluent software
package, as defined below

T=T(57). (3)

One of the ways to solve the boundary problems
of thermal conductivity is to minimize the correspond-
ing functional on the set of functions that satisfy the
conditions of the task. From the variational point of
view, the solution of equation (1) with the necessary
boundary conditions (2) is equivalent to finding the
minimum of the functional:

9:%/)\><
or dy 0z CM@T

+/S a(;T—Tm)Tds. (4)

a

X dv+

The Ansys software product used to create the CFD
model uses matrix methods to minimize the functional
(3). Therefore, the thermal conductivity matrix for the
n finite element is as follows

&)= [ alr)" (17 as, o)
S
wherein [T™] is the shape matrix, determined by dif-
ferentiating the temperature matrix [T"] with respect
to x, vy, 2.

The vector of right-hand sides allows equations for
the n finite element

F' = / aT[N""dS . (6)

S
The heat capacity matrix is as follows

" = [ ewplr™]" [TV .
/

(7)

Due to the symmetry of the studied problem, when
the flow structure is the same in all channels formed by

the radiator plates, it becomes possible to simulate only
one sector of the studied structure. It is only necessary
to set the frequency of the flow at the boundary of the
region.

The form of the computational grid is shown at
Fig. 3.

5 Results of the numerical si-
mulation

An important indicator when using a heat pipe is
the value of its effective thermal conductivity. It is
known that the heat pipe is a heat transfer device
that combines the principles of both thermal conducti-
vity and phase transition for efficient heat transfer.
Due to the high efficiency of heat transfer observed
during boiling and condensation of the heat carrier,
with which the heat pipe is partially filled, this heat
transfer device is a highly efficient heat conductor.
The values of the effective thermal conductivity of
the heat pipe taken during the simulation, were set
equal to 2 - 103, 5-10% and 2 - 10* W/(m -° C). The
area of the heat-transmitting surface of the radiator
is 680 - 107* m?2. The results of numerical simulation
of the temperature of the electronic module are given
in Fig. 4. Knowing the permitted base temperature
of the electronic module, according to the diagram,
you can determine the permitted thermal load of the
module. Data analysis of Fig. 4 indicates that the use
of heat pipes even with relatively low effective thermal
conductivity allows to ensure a normal thermal regime
of the electronic module.
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Fig. 4. Dependence of the base temperature of the
electronic module on the heat load at various values

of the effective thermal conductivity of the heat pipe

Fig. 5 shows the temperature field of the heat
pipe radiator. There are also given diagrams of the
temperature difference along the height of the fins in
order to determine its effectiveness. As shown at Fig. 5,
the effectiveness of the proposed finning is in the range
from 0.96 to 0.98, depending on the heat load, which
is a sufficiently good indicator.
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Fig. 3. Computational region (a), general view of the computational grid (b) and a fragment of the computational
grid in the region of free convection flows (c)
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Fig. 5. The temperature field of the heat pi-

pe radiator fins with effective thermal conductivity

Arr=20,000 W/(m-K) at a heat load of 13W (a) and
38W (b)

The results of numerical modeling (Fig. 6) show
that when using a heat pipe with effective thermal
conductivity Arr = 20,000 W/(m-K) and a given maxi-
mum value of the electric power of the electronic
module, for example, equal to 17W (which is twice as
much as the power of the most modern LED lamps
of direct replacement), the base temperature of the
electronic module under natural convection of ambient
air with a temperature of 25+ 1°C does not exceed
+70°C, which corresponds to the long-term reliable
operation of the electronic module with semiconductor
electronic components and confirms the effectiveness of
the proposed technical solutions. However, if to exceed
the value of the thermal load twice (up to 34 W), the
temperature at the base of the module will increase up
to + 95 °C. Therefore, to ensure the necessary thermal
regime, it is recommended to use forced convection of
air instead of free convection.
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Fig. 6. The value of average temperatures in the
installation area of the electronic module depending
on the heat load

6 An example of practical
implementation of the typi-
cal cooling system based on
the heat pipe in household
products

At the Heat and Power Engineering Faculty of the
National Technical University of Ukraine "Igor Sikorsky
Kyiv Polytechnic Institute”, there has been developed
and manufactured a demonstration and exhibition
operating sample of a typical design of a cooling system
based on the heat pipe for cooling electronic LED
module of a wall lamp (Fig. 7b).

The efficiency of the developed cooling system has
been determined by comparing the thermal and light
characteristics of the existing basic version of the
wall lamp (Fig. 7a) with a LED lamp of direct-
replacement with a radiator integrated in the housing,
and a modernized same lamp with an LED module
mounted on a heat pipe with a remote decorative radi-
ator (Fig. 7b). The studies have been performed in a
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certified laboratory of the V.E. Lashkaryov Institute of
Semiconductor Physics NAS of Ukraine.

(a) (b)

Fig. 7. Design of the basic version of the lamp (a) and
LED wall lamp with a cooling system based on the heat

pipe (b)

The temperature dependence of the housing of the
LEDs of the electronic modules was experimentally
determined for both versions of the luminaire with the
heat power generated thereby from 2 to 25 W (Fig. 8).
The dynamics of temperature change indicates that
the use of the heat pipe allows you to increase the
maximum power by 11 times (from 2.1 W to 23 W),
and, accordingly, the luminous flow of the luminaire,
while maintaining the temperature of the electronic
module at 60°C.
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Fig. 8. The temperature of the LED housing when
using a standard cooling system (1) and when using
a cooling system based on the heat pipe (2)

The study of the thermal characteristics of the
cooling system has shown (Fig. 9) that its thermal
resistance decreases with increasement of power. Thus,
with the increasement of power from 2 to 23 W, the
thermal resistance of the cooling system decreased from
44 to 1.8 K/W.
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Fig. 9. The dependence of the thermal resistance of the
cooling system on the power

To compare the results of the experimental study
of the temperature of the electronic module with the
results of numerical simulation, it is necessary to know
the effective thermal conductivity of the heat pipe.
To determine its meaning, the thermal resistance of
the heat pipe was experimentally determined (Fig. 10)
in the studied range of transmitted power (from 2 to
23 W).
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Fig. 10. The dependence of the thermal resistance of
the heat pipe on the transmitted power

The above dependence of the thermal resistance of
the heat pipe on the transmitted power (Fig. 10) shows
that with increasement of the transmitted power, its
thermal resistance significantly decreases and reaches
a minimum value of 0.5 K/W at a power of 23 W. This
means that the temperature drop across the heat pipe
is 11.5 °C. Taking the values of the transmitted power
(P = 23W) and the temperature difference through
the heat pipe (Atppr = 11.5°C), its equivalent thermal
conductivity M.y can be determined by the following
formula:

Aeff =

wherein L.ss is the effective length of the heat pipe,
m; Srr is the cross-sectional area of the heat pipe, m?.

Substituting the initial values of the operating and
geometric parameters of the experimental sample of the
heat pipe (Lcfy = 19.5-1072 m, Spr = 1.13-10*m?)
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in the above formula, we find that the equivalent
thermal conductivity of the heat pipe is 3450 W/(m-K).
According to the calculated dependencies shown in
Fig. 4, the extrapolation can determined that with
this value of the effective thermal conductivity of the
heat pipe, the calculated value of the temperature of
the electronic module housing at a power of 23W
is approximately 82°C, which is 1.37 times higher
than the experimental value (60 °C). This discrepancy
between the calculated and experimental data can be
explained by the larger area of the decorative radiator
(907-10~*m?) used in the experiment if to compare
with that taken for calculation (680-10~*m?).

The results of experimental studies of the basic
version of the luminaire has shown that the
temperature of the housing of the electronic module
was 85°C [33], which corresponds to the predicted
lamp operating time of 21,000 hours. At the same time,
in the modernized version of the luminaire with the
cooling system based on the heat pipe, the temperature
of the electronic module housing was 60°C, which
corresponds to the predicted LED operating time of
over 60,000 hours.

Thus, the usage of the proposed typical cooling
system with the heat pipe and the decorative radiator
increased the predicted life of the semiconductor light
source in a household wall lamp by almost 3 times.

7 Prospects of using a typical
cooling system in devices of
special purpose

A structural diagram of a possible usage of a typi-
cal cooling system based on a gravitational heat pipe
in a multichannel transmitting and receiving module
of the antenna system of a radar station is shown
in Fig. 11. As a rule, the transmitting and receiving
module is produced in a form of a sealed unit, which
complicates the heat removal from powerful microwave
active electronic components inside the sealed housing.
Integration of the evaporation zone of typical heat pi-
pes inside the sealed transmitting and receiving module
and placing the condensation zone outside the housing
allows to install a radiator in this zone and provide
efficient cooling of powerful heat-generating microwave
electronic components of the module.

Considering that most electronic microwave
components have a power consumption of 10-20 W,
the given cooling system can be used in conditions
of natural air convection. For cooling more powerful
electronic components it is necessary to use forced air
convection.

\

6 \

7

Fig. 11. A structural diagram of an advanced cooling
system for a six-channel transmitting and receiving
electronic module based on typical heat pipes: 1 — radi-
ator; 2 — modular housing; 3 — heat pipe; 4 — pallet with
powerful electronic components; 5 — powerful electronic
component; 6 — mounting plate; 7 — cover

Conclusions

Based on the results of the research, the following
conclusions were made:

e there has been selected a typical universal design
of a cooling system of dual application based
on a gravitational heat pipe, suitable for ensur-
ing a normal thermal regime of a heat-loaded
electronic module, which can be used in devices
of both special and civil purposes;

e in conditions of natural convection of ambient
air, the proposed cooling system ensures the
temperature of the electronic module base in the
range up to +83°C with the consumed electric
power up to 23 W;

e to further improve the efficiency of the cool-
ing system, it is necessary to use the forced air
convection;

e the studied cooling system was implemented in
an experimental model of a wall-mounted LED
lamp and enabled to increase the predicted life of
semiconductor light sources by almost 3 times.
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IligBuimenasas edeKTUBHOCTI  OXO0JIOI-
JKEHHSI €JIEKTPOHHUX TelJIOHABaHTaKe-
HUX MOIYJIiB

Hixonaenxo FO. €., Bapanwox O. B.,
Pavuncoxui A. FO., IHexyp /1. B., Minatiao M. A.

Pospobsierno, BUrOTOB/IEHO Ta JIOCTIKEHO 33 I0IIOMO-
roI0 YUCJIEHHUX TA €KCIEePUMEHTAIbHUX METOIB JiI0Yunii
3pa30K THIIOBOI KOHCTDYKII CHCTEMHU OXOJIOJZKEHHS eJle-
KTPOHHUX TEIIOHABAHTAKEHUX MOJIY/IB MOABINHOTO 3aCTO-
CyBaHHY, SKUI MOYXXHA BHKODPHCTOBYBATH B IIPUCTPOAX HAK
CITEIiaJIbHOTO, TAaK 1 IUBLIHLHOTO NpPW3HAYEHHS. 3aBIAHHS
peacTaBaeHol poOOTH HOJIATraI0 B Oprafidail e(eKTUBHO-
IO OXOJIO/IZKEHHS TEeIIOHABAHTAXKEHOI0 MOy A1 O6e3Bi-
MOBHOI #10ro poboTH 3a JOIMOMOroio BiabHOI KoHBeKIil. Lle
03BOSINTH 3abe3meunTn 6e31yMHY 1 JOBrOTPUBAIY POOOTY
CUCTEMU OXOJIO/PKEHHs. 3 METOIO BLAIIOBIHOCTI BUCYHY TUM
BHMOTaM, B IKOCTI IIPUCTPOIO IT€PEIA~ii TeIIOTH BUKOPUCTO-
ByBasIacs rpasiTariiina TertoBa Tpyba 3 pizp0OBOIO Kari-
JIIPHOIO CTPYKTYpoio. OcobuuBicTio po3pobiieHol aBropamu
€pProHOMIYHOT KOHCTPYKIII CUCTEMU OXOJIOIKEHHS € CIHLIbHE
BUKOPUCTAHHS TEIJIOBOI TPyOu i pajiiaTopa y BUTVISI] Ky 3
IJIOCKVMHU PAIIAIFHUMU pebpaMiu. Y TeIIoHaBaAHTAKEHOMY
MOJy/Ii BUKOPUCTOBYBAJINCSA TIOTYKHI 00'€MHI €IeKTpOHHI
MOZyJTi, BUKOHAHI y BUIJISIL MPU3MU 3 IIOCKUMU OiYHUME
TPaHSIMU, Ha SKUX OYJIM BCTAHOBJIEH] TOTYYKHI HATIBIIPOBLI-
HUKOBI €JIeKTPOHHI KOMIIOHEHTH. [[0C/TiIXKeHHS ITPOBOIUITH-
Cs 33 IOTIOMOTOI0 MOIETIOBAHHS IIPOITECY TePeIadl TeIIOTH
BiJ] TEIJIOHABAHTAYKEHOTO MOIYJISI I0 OXOJIOAZKYIOTOTO TO-
TOKY TOBiTps 3acobamu mporpamuoro kommiekcy ANSYS-
Fluent. 3a paxyHOK BHKOpHUCTaHH: BHUCOKOE(hEKTHUBHOIO
3aMKHYTOTO BUIIAPHO-KOHIEHCAIITHOTO IIMKJIY TIepeIati Te-
IUIOTH, IO IPOTIKAE B TEIUIOBHX Tpybax, BHAIOCH OisbIm
HIXK yaBidl 301IbIMATH HOTYXKHICTH €I€KTPOHHOTO MOTYJIS
npu 3abe3medeHHi WOTO TEMIepaTypu B 33JaHUX MeEXKaxX.
Mogemosanus 3acobamu ANSYS-Fluent 103801110 po3po-
OUTH KOHCTPYKIIIO Pa/iaToOPa OXOJIOMKEHHS 30HU KOHIEH-
canii TeruioBol TpyOu, BUBHAYNTH e(PeKTUBHICTh OpebpeHnst
paziaTopa i TemsoBl MOTOKM B 30HI Harpisy. Pospaxynko-
BUM IIJIIXOM OTPpUMAaHi rpadidHi 3a/1e2KHOCTI TeMIIepaTypu
HAIIBIPOBIJHUKOBUX €JIEKTPOHHUX KOMIIOHEHTIB BiJ CITO-
JKUBAHOI €JIEKTPUYHOI IOTYXKHOCTI B Aiama3oHi Bix 13 mo
36 Br. IIpoBeeno mOpiBHAHHS €KCIIEPUMEHTAJIBHUX TAHUX
3 PO3PAXyHKOBUM.

Karomo06i cro6a: HATIBIPOBIIHUKOBI €/IEKTPOHHL MOMY-

JIi, CBTOZI0/IM, TEIJIOBA TPYOa, BlIbHA KOHBEKINd, eeKTruB-
HICTH

IToBbienune 3(p@HEeKTUBHOCTN OXJIAXKIE-
HUS 3JIEKTPOHHBIX TEILJIOHATPY2KEHHBIX
MonayJe

Huxonaenxo FO. E., Bapanox A. B.,
Pavunckut A. FO., Ilexyp /1. B., Munatiao M. A.

PazpaboTran, H3roTOB/IEH U UCCIEIOBAH C IIOMOIIHIO X~
CJI€HHBIX ¥ SKCIEPHUMEHTAJbHBIX METO0B AeHCTBYIOMui
obpaser TUIIOBOI KOHCTPYKIAH CUCTEMBI OXJIAZKICHUS dJIe-
KTPOHHBIX TeIJIOHArpy KeHHBIX MOJyJeil JBOMHOrO IpuMe-
HEeHHsd, KOTOPBIM MOXKHO HCIOJIb30BaTh B yCTPOMCTBaX KakK
CIIENMAJILHOIO, TaK M I'PaKJAHCKOrO HA3HAYEHMHA. 33293
TpeCTaB/IeHHOM paboOThl COCTOsiIa B Oopranm3arun 3¢ de-
KTHUBHOTO OXJIazKJI€HUd TEIIOHArPDYXKEHOT'0 MOAYId [IId
06e30TKa3HOM ero paboThl TTOCPEICTBOM CBODOIHON KOHBE-
KIUH. DTO TO3BOJIUT 00ECHednTh OECITYMHYIO U JTOJITOB-
pemenHyo pabory cucrembl oxnaxaenus. C menpio ymos-
JIETBOPWUTH BBIABHHYTHIE TPEOOBAHMWS, B KAUECTBE YCTPOWi-
CTBa IIepeIady TEeIJIOTHI UCIIOJIb30BAJIACH IPABUTAIMOHHAS
TemoBas TPyOa C pe3b0OBOM KAMMIISAPHOU CTPYKTYPOIL.
OcobeHHoCTHIO Pa3pabOTAHHONW aBTOPAMM IPTOHOMUTHOMN
KOHCTPYKIIUU CHUCTEMBI OXJIaXKJICHUA ABJIA€TCA COBMECTHOE
WCTIOJIb30BAaHNE TEIJIOBOM TPYObl M PAAWATOPA B BUIE IIapa
C TIJIOCKUMU paduaJIbHBIMA pe6paMH. B Ka4deCTBe TEeIlJIOHA-
TPYKEHHBIX MOZyJIeil MCI0/IH30BAJIICH MOUIHBIE O0beMHbIe
9JIEKTPOHHBIE MOYJ/IM, BBIIIOJIHEHHbIE B BUAE€ IIPU3MbI C
TUIOCKMMY OOKOBBIMI TPAHSIMH, Ha KOTOPBIX OBLIN yCTa-
HOBJIEHBI MOIITHBIE TTIOJIYIITPOBOIHUKOBBIE 3JIEKTPOHHBIE KOM-
noHeHTbl. VcciaemoBaHus IPOBOAUIMCH HOCPEICTBOM MO-
JeJINPOBAHUS TIPOIIECCA TE€PEeIadl TEeIJIOTHI OT TErIOHA-
TPYKEHHOTO MOMYJS K OXJIAXKJAIOIIeMy IIOTOKY BO3yXa
cpeacrBamu rporpammuoro komiviekca ANSYS-Fluent. 3a
CUYeT WCIOJIb30BAHUS BBICOKOI(hMEKTUBHOTO 3aMKHYTOTO
HCIIAPUTEIHHO-KOHIEHCAIMOHHOIO IIKJIa [IepeIadn TeIIo-
THI, IPOTEKAIOMIETO B TEIIOBBIX TPYy0ax, yIaaoch Ooee weM
BABOE€ YBEJIUYUTH MOIIHOCTH 3JIEKTPOHHOTO MOAYJIA TIpU
obecIieseHnN ero TeMIIepaTyphl B 33JaHHbIX Ipeaesaax. Mo-
nesmpoBanue cpeiacrBamu ANSYS-Fluent nossosmino pa-
3pab0oTaTh KOHCTPYKIMIO DAINATOPA OXJIAYKIEHUS 30HBI
KOH/IEHCAINY TEIJIOBOIl TpyObI, ompenesuTs 3P dexTus-
HOCTb OpeOpeHusi pajuaropa U TEIJIOBbIE MOTOKU B 30HE
Harpesa. PacuerHsIiM myTeM mosydeHsl rpaduiecKue 3aBU-
CUMOCTHU TEMIIEPATYPHI IMOJIYIIPOBOJHUKOBBIX 3JICKTPDOHHBIX
KOMIIOHEHTOB OT HOTPEO/IgeMOil JIeK TPUIECKOM MOITHOCTH
B auamnasone oT 13 mo 36 Br. IlpoBemeno cpaBHeHme 3KCIIe-
PUMEHTAJIbHBIX JTaHHBIX C PACYCTHBIMU.

Karoueevie cA06a:; 1OIyIPOBOJHUKOBBIE SJIEKTPOHHbIE
MO/Iy/IA, CBETOIMObI, TEIIoBast Tpyba, cBOOOIHAS KOHBe-
K, 3G HEeKTUBHOCTD
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