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EXPERIMENTAL INVESTIGATION OF THE PERFORMANCE OF A LOOP HEAT
PIPE-BASED COOLING SYSTEM UNDER ULTRA-HIGH DYPASS RATIO
TURBOJET ENGINE CONDITIONS

The subject of this article is the heat transfer processes in a loop heat pipe (LHP) to solve the problem of
maintaining the temperature regime of the valves of the air-bleeding system of an aircraft engine. The goal was
to experimentally substantiate the operability and efficiency of a cooling system based on LHP for the
temperature conditions of a perspective aircraft engine with an ultra-high bypass ratio. The task to be solved:
to create a test bench for studying heat transfer processes in cooling systems based on LHP. The test bench
should reproduce the temperature of the aircraft engine and the orientation ofthe LHP in the gravitational field.
To investigate the operability ofthe cooling systemunder different heat loads, heat sink temperatures, orientation
in the gravitational field, and additional thermal insulation. The methods used are: experimental approach, test
planning, and statistical methods for processing experimental results. The following results were obtained. A
test bench was created to investigate the heat transfer processes in a cooling system based on LHP. Toluene is
used as a LHP’s coolant. The temperature conditions of the perspective aircrafi engine were considered when
creating the test bench. The performance of the cooling system was studied under different orientations of the
gravitational field, heat sink temperature, and heat load. The obtained experimental results allowed usto analyze

the influence of the orientation in the gravitational field, heat sink temperature, and additional vacuumthermal
insulation of the evaporatorand liquid line on the LHP performance and efficiency. Conclusions. The novelty
ofthe resultsobtained isas follows: for thefirst time, the possibility ofusing a cooling systembased on the LHP
in temperature conditions of the perspective aircraft engine with an ultra-high bypass ratio was experimentally
approved; it was proven thatthe LHP with toluene as part of the cooling system can effectively operate stably,
without pulsations and without overheating of the cooled devices under different heat loads, heat sink
temperatures, and orientation in the gravitational field.

Keywords: cooling system; loop heat pipe; heat transfer; turbojet engine with ultra-high bypass ratio; fuel
consumption.

secondary airflow, which can reach temperatures of up to
100°C. Therefore, a specialized cooling system is

1. Introduction

Motivation of work.

A new generation of turbojet aircraft engines with
ultra-high bypass ratio (UHBR) will surpass existing
engines in technical, operational and environmental
performance, particularly, in term of reduced fuel
consumption and, consequently, CO2 emissions.
However, the UHBR engine components will operate in
harsher temperature conditions due to the increased
compression ratio and gas temperature upstream of the
turbine. The more sensitive to the increased temperature
are the valves of engine bleed system. In current turbojet
aircraft engines, the valves of bleed air system are not
specially cooled. Instead, they rely on the so-called
“engine compartment air” for cooling. But, in new
generation of UHBR engines, the temperature of the air
in the engine compartment can reach 300°C and, as a
result, no longer providing the necessary cooling of the
bleed system valves. Additionally, it is important to
consider that the sole 'cold sink' of the engine is the

necessary to remove heat from the valves and ensure their
temperatures within the specified limits (no more 200°C).

Nowadays, the most effective thermal management
systems are based on the two-phase passive heat transfer
devices, namely heat pipes (HP) and Loop Heat Pipes
(LHP). Now these devices are widely used in spacecraft
[1, 2] and terrestrial applications.

State of the art.

In the aircraft engines, LHPs are not yet widely
employed. Therefore, we will review only the articles
that consider the general issues of using HP and LHP in
aviation. In the review, we will pay attention to the
temperature conditions of the HP and LHP operation. In
particular, the ambient temperature and the heat sink
temperature.

The initial attempts to use LHP in aircraft anti-icing
systems began in the early 2000s. The results obtained
during this period are presented in [3] and [4]. In [3] a
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passive anti-icing systemfor the engine cowl of Global
Hawk is described. Five LHPs were utilized, successfully
removing 3.8 kKW of the waste heat from the hydraulic
systemduring the icing conditions. Ammonia was used
as a working fluid. The nickel cylindrical wick with a
pore size 0.9 um was implemented in the LHP
evaporator. According to the authors, the anti-ice system
effectively provided ice protection for the engine inlet
and could be feasibly installed on real aircraft.

Other recent works relevant to the use of LHPs in
anti-icing systems include [5] and [6]. In [5], the heat
transfer performance of a stainless steel-nickel loop heat
pipe was investigated. To address the freezing issues
under negative temperature flight conditions, an ethanol-
water mixture with varying concentration was used. The
operational temperatures ranged from 70°C to 100°C,
and heat load ranged from 100 W to 300 W. In the
considered systems, the maximum temperature did not
exceed 100 °C, and the heat was removed to an
environment with a temperature below 50 °C.

The work [6] focuses on reviewing LHPs for
aircraft anti-icing and presents fundamental as well as
optimized designs along with specific technological
guidance. In the context of anti-icing on aircraft, various
potential heat sources exist, for example: the engine oil,
the low/high pressure compressor bleed air, the hot
turbine case, hydraulic systemand exhaust gases in the
nozzle. Their corresponding temperatures are listed
below in the Table 1:

Table 1
Temperature of heat sources
Temperature,
Heat source pfc
Air/Oil cooler 130
Low pressure compressorbleed air 100
High pressure compressor bleed air 260
Turbine case 430
Bxhaust nozzle 415
Hydraulic system 160...165

The experimental studies on the key aspects of the
LHP ice-protecting system are also summarized in this
paper. The main conclusions drawn from these
experimental studies are as follows:

— more preferable working fluids — Methanol,
Ethanol, Toluene, Ammonia, Water, Acetone;

— operation temperature range — 10...80 °C;

— heat transfer capacity — 100...1500 W.

The experimental investigation of the start-up and
operating characteristics of the Double Compensation
Chamber Loop Heat Pipe for anti-icing system is also
presented in [7]. The LHP was made of stainless steel
with nickel wick, and ethanol was used as the working
fluid. BExperiments were conducted with heat loads

ranging from 10 W to 180 W. The primary emphasis in
the paper was on studying the impact of the attack angle
and start-up time.

The short description of the LHP design
investigations for aircraft anti-icing is also outlined in
[8]. As the authors highlight, a significant limitation in
the past for LHPs using in the aircraft anti-icing system
was the achievable pressure head by the capillary action
wick. However, recent advancements in wick materials
have demonstrated a drastic increase in achievable
pressure head of the LHP. This increase is estimated to
extend the working distance of LHP from the current 8-
10 mto 28-35 m.

The paper [9] focuses on in-flight tests of the
passive cooling system utilizing heat pipe technology.
The system employed a heat pipe as intermediary heat
transfer element between the airplane’s equipment and
the main heat exchanger system. Water was applied as
the working fluid. The input power ranged from 40 W to
120 W, and the temperatures were within the range of 20
to 80°C. The heat pipe thermal resistance, Rup, was
measured at 0.33 K/W with an input power of 120 W,
while the condenser temperature was only approximate ly
30 °C.

Aiming to enhance avionics cooling, a specialized
LHP with high heat transfer capacity is described in [10].
The paper provides comprehensive details on the design
criteria, the entire design process, including the
justification  for working  fluids. Moreover, it
encompasses an extensive experimental validation,
covering startup, steady state, and dynamic operation
performance of the LHP, effectively confirming the
accuracy of the proposed design approach. Based on the
design process and experimental findings, several key
conclusions have been drawn:

— ammonia should be the optimal working fluid
for LHP technology applied in avionics cooling
considering the operating temperature range, heat
transfer capacity, and adaptation to large acceleration;

— it is ideal to prioritize the flow resistance in the
capillary wick as the primary resistance, which can
minimize the influence of pipeline arrangements and
effectively enhance the heat transfer capacity of the LHP
to KW-level;

— thedesigned LHP demonstrates a kW -class heat
transfer capacity of 1021 W, corresponding to an average
heat flux of 1204 W/cm2 at the evaporator, with
maximum saddle surface and vapor temperatures of 88.8
°Cand52.6 °C respectively.

Among the works devoted to the issues of cooling
electronic devices on board an aircraft, work [11] should
be noted. However, thermosyphons are used as passive
heat transfer devices. The paper [12] presents the
experimental assessment of an electronic cooling
prototype especially designed for helicopter avionics
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thermal management. The prototype consists of a set of
LHPs especially designed for the hot spot treatment at
electronic blade level and a cooled mini-Vapour Cycle
System, which is devoted to the overall heat rejection.
The experimental results are carried outat different heat
loads from 10 W to 50 W. The ambient temperature was
70 - 85°C. The effect of different heat sink temperatures
on the LHP thermal resistance is investigated. The tests
showed that the architecture is worth of future research
investigation for proper integration in avionics cooling
strategies. This new cooling technology offers promising
performances, above state of the art with up to 55°C
benefit at 40 W as compared to classical cooling system.

The paper [13] is devoted to the passive thermal
energy transport from the aircraft electronics enclosure to
selected sinks. The systemdeveloped to accomplish these
tasks is divided into two subsystems. The first subsystem
is responsible for improving thermal transport within the
electronics enclosure and consists primarily of heat pipe
assemblies. Model results of the first subsystem show
considerable  improvements  over the current
implementation. The overall temperature gradient within
a generic electronics box decreased from 42.7°C to
17.8°C, increasing the allowable sink temperature from
66.7°C to 91.7°C. The second subsystem transports
thermal energy from the external surface of the enclosure
to appropriate sinks and consists primarily of the LHP.
Depending on sink temperature and capacity throughout
the operating envelope of the platform, multiple sinks
may be used. During operation, the LHP will passively
select the appropriate sink.

Among the latest articles that discuss the use of
LHP for cooling electronic components in avionics, the
article [14] should be mentioned. The experimental
investigation of LHPs used in the cooling system is
described in this article. The proposed LHPs allow
transferring up to 40 W over a distance of approximately
100 mm at an operating temperature 20°C only.

The paper [15] addresses the thermal management
of electromechanical flight control actuators on an all-
electric aircraft. Several thermal management system
concepts, including the concept with flexible heat pipes,
were identified, and the best of these concepts were
evaluated based on their application to a case study
aircraft. The main conclusion is that detailed design,
simulation and testing of hardware will ultimately be
required to determine which system offers the best
solution for the case study application.

The systemwith LHPs that allow free-energy heat
transportation between certain subsystems without
needing additional power consumption is presented in
[16]. Their use in aeronautics is interesting as they can
passively transport seemingly “waste” heat to areas
where it can be reused.

The objective of work and using approach.

Based on the review it is evident that the LHPs
described above have a maximum working temperature
of no more than 100°C. The impact of high surrounding
temperatures on LHP functionality and performances has
not been adequately addressed. However, as mentioned
earlier, in the new generation UHBR engines, the air
temperature in the engine compartment - where the LHP
is located - canreach up to 300°C. Additionally, the heat
sink temperature exceeds 100°C. In thereviewed articles,
these temperatures are either significantly lower or not
mentioned at all. Furthermore, not enough attention has
been given to analyzing the influence of LHP orientation
in the gravity field.

Therefore, the objective of this study is to conduct
the experimental confirmation of LHP functionality
under harsh surrounding air temperature conditions, as
well as to analyze the influence of the heat sink
temperature, heat load, thermal insulation of LHP
components and LHP orientation in the gravitation field
on its operability and heat transfer performances.

2. LHP design description

The LHP principal scheme also as LHP Evaporator
Block are presented into Fig. 1. The LHP was established
with using ALTOM design [17]. The main elements of
LHP were:

— Heater,

— Evaporator
insulation box;

— Vapour ling;

— Liquid line;

— Condensermounted on analuminum cold plate.

The evaporatorblock included two capillary pumps
and three compensation chambers. The liquid manifolds
provided the connection between capillary pumps and
compensation chambers. The evaporatorblock and liquid
line had the possibilities to minimize the additional heat
load from the hot surrounding air. For this reason, the
evaporatorblock was enveloped in the vacuum insulation
box Liquid line was also enveloped in the external
concentric tube, and the gap between internal and
external tubes had possibility to be vacuumed too.

The wick had the cylindrical shape and was made
of sintered in vacuum stainless-steel powder and fiber
mixture. In general, the Table 2 presents the basic
parameters of the LHP components. In Table 2, OD and
ID represent the outer and inner diameters respectively,
CC represents the compensation chamber. Toluene was
selected as the working fluid due to its good thermos-
physical properties for the temperature over 100 °C [18].

block located in the vacuum
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LHP condenser
LHP Liquid line
LHP Vapor line
Liquid manifolds
Capillary pumps
2 Ftems
LHP Evaporator Block
LHP heater
Compensation chambers
(3 items) '
a b
Fig. 1. LHP and LHP evaporator block principal views:
a— LHP;
b — Evaporator block
Table 2

The basic parameters of the LHP components

Component Parameter Value
Vapor line 0.D.xL.D.xLength 5x4x300 mm. Stainless steel tube
Liquid line (internal tube) 0.D.x.D.xLength 3x2x300 mm. Stainless steel tube
Liquid line (external tube) 0.D.x1.D.xLength 5x4x300 mm. Stainless steel tube
Condenser O.D.xLD.xLength 5%4x1315 mm. Stau'lless steel tube mounted
on thealuminum cold plate
Shape Cylindrical
Material Sintered in vacuum stainless-steel powder
and fiber mixture
1.D./O.D./Length 55 mm/10.6 mm/50 mm
Wick Porosity 0.45
Permeability 1.48x10°18 m?
Radius of capillary 1um
pores
CcC NumberxVolume 3x3.6 mL. Stainless steel tube
Charge of working fluid Volume 25 mL
at 20°C
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Fig. 2. Principal scheme of Test bench

3. Testbench description

The test bench allows to simulate the heat sink
temperature (the temperature of the engine secondary air

flow) T, the surrounding temperature (engine

compartment temperature) around the loop heat pipe Ty,
and the orientation of the LHP in the gravity field. The
principal scheme of Testbenchis shownin Fig. 2.

The Testbench includes:

— LHP;
Frame with the turning units;
- Box
Air blowing box

A frame with turning units was utilized to hold and
securethe box The box could be rotated within the range
of 0° to 180° to simulate the gravity effect. The box was
established to simulate the temperature conditions of the

engine compartment. Temperature inside the box Ty

was controlled by the three electric heaters. An internal
fan was used to ensure a uniform temperature field within
the box.

For simulating the heat sink temperature T,

(representing the air temperature in the engine secondary
flow), an air blowing box was used. The external surface
of the LHP condenserwas located on a copper thermal
plate with an embedded electrical heater (Fig. 3). An
additional radiator was Ito enhance heat rejection to the

ambient air. The heat sink temperature Tg, was

simulated by maintaining a required temperature of the
copper thermal plate. Cylindrical electrical heaters
embedded in the copperthermal plate provided heat load
Qevap applied to the LHP evaporatorblock. The heat load

can be adjusted from 0 W to 150 W by altering the output
voltage of the DC power. The temperature of surface
between cooper thermal plate and LHP evaporator block
Tt Was used for the LHP efficiency analysis. The data

acquisition systemwas composed of a data logger linked
to a PC and the LabView software, which was used to
display and store the  experimental data.
Chromel/Alumel (Type K) thermocouples (TCs) were
used to measure the temperatures along the loop. In the
experiment, the maximum measurement error of the
thermocouples was +0.5 C, and the uncertainty of the

Radiator

Copper thermal plate
with embedded heaters

Condenser mounted on
an aluminum cold plate

Fig. 3. LHP condenserwith copper
thermal plate and radiator
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heat load applied to the evaporator was within 1.2 % in
the full range.

4. Experimental conditions and procedure

The surrounding air temperature conditions with the
temperature Ty, =300°C was only considered. The tests
were conducted in two cases: one without vacuum

insulation for the liquid line and evaporator block, and
the otherwith vacuum insulation for these parts. The heat

sink temperature Ty, and LHP heat load Qq,, Were:

— the heatsink temperature T, — 100, 110, 120

and 150 °C;
— LHP heatload Q,, —25, 50, 75, 100, 125 and

150 W

— three positions in the gravity field were also
considered:

— Vertical position (condenserontop)at ¢=0 deg;

— Horizontal position at ¢=90 deg;

— Inclined position (condenser
at =135 deg.

All experimental cases are summarized in Table 3.

down)

Table 3
Bxperiment conditions
Case pO%fper::ZrW Oq: izr:etgart;:n tel_r;;;r;:%ie ir\lls'icliltjin;n
Range; increment sinks
1 25 —150; 25 0 100 No
2 25 — 150; 25 0 100 Yes
3 25 —150; 25 20 100 No
4 25 - 150; 25 90 100 Yes
5 25 —150; 25 135 100 No
6 25 —150; 25 135 100 Yes
7 25 - 150; 25 0 110 No
8 25 — 150; 25 0 110 Yes
9 25 —150; 25 90 110 No
10 | 25 -150; 25 90 110 Yes
11 | 25 -150; 25 135 110 No
12 | 25 -150; 25 135 110 Yes
13 | 25 -150; 25 0 120 No
14 | 25 -150; 25 0 120 Yes
15 | 25 -150; 25 90 120 No
16 | 25 -150; 25 90 120 Yes
17 | 25 -150; 25 135 120 No
18 | 25 -150; 25 135 120 Yes
19 | 25 -150; 25 0 150 No
20 | 25 -150; 25 0 150 Yes
21 | 25-150; 25 90 150 No
22 | 25 -150; 25 90 150 Yes
23 | 25 -150; 25 135 150 No
24 | 25 -150; 25 135 150 Yes

The following test procedure for each case was

used:
— setthe box T, and heatsink T,
and to wait for the steady state reaching;
— setthe required value of heat load Qg ;

k temperatures

— waiting for the reaching of the steady state. For
this, if the temperature variations were within +2°C over
a 10-minute period, it was considered that the LHP had
reached a steady state. All parameters were then held
constant, and the mean value for all temperatures and
heat load was calculated during this period.

Effective thermal resistance R offered by a LHP
from the evaporator to the condenser to be used to

evaluate the heat transfer efficiency and this value was
defined as:

RLHP TSUI’f _Tsink (l)

Qevap

where Ty, is the temperature on the surface between
copper thermal plate and LHP evaporatorblock.

5. Results and discussions

The change of the temperature Ty; when the LHP
heat load Q,, changing without and with vacuum

thermal insulation and with different LHP orientations in
the gravity field for cases 7 - 12 and 19 — 24 is depicted
into the Fig. 4 and 5. For the remaining cases the situation
are similar. These results illustrate thatthe LHP design
employing ALTOM technology has demonstrated the
stable operation and reliable heat removal behavior

across the entire range of variations in Qg Tgjny and
different LHP orientations within the gravitational field.
This observation holds true for both cases with and
without vacuum insulation. As follows from the
presented results, when Qq,, changes, the temperature

practically unchanged (Fig. 6). This
conclusion is true for all values of the heat sink
temperature Ty, the presence or absence of additional

Ty remains

thermal insulation, and orientation in the gravity field.
For example, the most significant change in Ty is
observed at the temperature T, =110°C, vertical (¢p=0

deg.) orientation (condenser at the top) and the absence
of additional thermal insulation. In this case, Ty, changes

only by about 10 °C from ~180 °C at Qg =25 W t0 ~170

°C at Qg =150 W. In other cases, the Ty,¢ changing is

even smaller. This can be explained by the fact that
additional heat inflows to the LHP elements from the
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ambient air with a temperature of 300 °C significantly
exceed Qg,, and, asaresult, sucha weak dependence of
Touf ON Qgyqp I8 Observed.

Also, as follows from the presented results, the
additional thermal insulation reduces the temperature Ty

For instance, the surface temperature T, in the

approximately 5..10 K compared to the case without
thermal insulation. The most significant decrease is

observed at Qg <75 W. At Qg 275 W, the effect of

thermal insulation becomes insignificant. This can be
explained by the fact that at Q,,,>75 W, heat inflows

from the ambient air become comparable both with and
without thermal insulation. This trend is true for all

resence of thermal insulation decreases b . - o L
P Y values of T and LHP orientation in the gravity field.
250 - 250 o 0=300°C, 1,=110°C, =0 deg., no vacuum insulation th0x=300°C, 1, =110°C, ¢=0 deg., with vacuum insulation
200 4 200
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Fig. 4. Effect of heat load Qg4 On the surface temperature Ty, for cases 712 (see Table 3)
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Fig. 5. Effect of heat load Qg,, On the surface temperature Ty, for cases 19 —24 (see Table 3)

The effect of the heat sink temperature Tgy on the
temperature Ty is illustrated in Fig. 7. As follows from

the data, with the T, increasing, the temperature Ty

increases almost linearly, and when Tg, increasing from

100 to 150 °C, the temperature Ty, increases by about 40

°C. That is, an almost direct linear dependence. This

conclusion is true for all LHP orientations in the gravity
field, with or without thermal
dependence of Ty on T, also shows that the thermal

resistance of the LHP (see Eq.1) also weakly depends on

insulation. Such a

K

T and is in the range of R yp =04...3 W
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As follows from the results presented in Fig. 6
and 7, the most significant effect of orientation is

observed at Ty <150°C. In addition, with Qg

increasing, the effect of orientation weakens. This can be
explained by the fact thatwith Qg, increasing, the mass

flow rate of toluene in the LHP increases and the
hydrostatic pressure drop becomes insignificant
compared to pressure losses due to friction and local
resistances.

Based on the presented results it can be mentioned
that the LHP performances is significantly affected by

additional heat inflows from the ambient air. It is
impossible to quantitatively estimate these heat inflows
based on the available experimental data. It can only be
stated that this additional heat significantly exceeds Qg

and the presence of additional thermal insulation of the
evaporatorand liquid pipeline has practically no effect on
the value of these heat inflows.

The LHP thermal resistance versus LHP heat load
Qevep Without/with vacuum insulation, different heat sink

temperature Tg,, and different orientation is depicted into
Fig. 8.
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6. Conclusions

In this paper, the LHP functionality and its thermal
performance were experimentally studied. The LHP was
designed using ALTOM technology, and toluene was
employed as the working fluid. The investigations
covered the following parameter ranges: air surrounding
temperature at 300°C, heat sink temperature between
100°C and 150°C, and heat loads ranging from 25 W to
150 W. The study examined the impact of thermal
(vacuum) insulation onthe liquid line and evaporator, as
well as the influence of LHP orientation in the gravity
field. Based on the experimental results, the following
conclusions are drawn:

1. LHP operates greatly without temperature
oscillations and overshooting in the whole range of heat
load Qg heat sink temperature Ty , orientation in

gravity field, with and without thermal insulation.
2. The weak dependence of Ty; ON Quyy IS

observed. This can be explained by the fact that
additional heat inflows to the LHP elements from the
ambient air with a temperature of 300 °C significantly
exceed Qg

3. At Qug=75W, the influence of thermal

insulation becomes insignificant for all values of Tg,,

and LHP orientation in the gravity field. This can be
explained by the fact that heat inflows from the ambient
air become comparable both with and without thermal
insulation.

4. The dependence Ty on the heat sink

temperature Ty, is almost linear. This conclusion is true

for all LHP orientations in the gravity field, with or
without thermal insulation.
5. The most significant influence of the LHP

orientation in gravity field is observed at Ty, <150°C.
This is due to the fact that with Qq,, increasing, the mass

flow rate of toluene in the LHP increases and the
hydrostatic pressure drop becomes insignificant
compared to pressure losses due to friction and local
resistances.

Further implementation of cooling systems based
on LHP in aircraft turbojet engines will be associated
with the need to intensify heat transfer during heat
rejection to the secondary air flow and with the analysis
of the impact of vibration on LHP performances.
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EKCHEPUMEHTAJIbHE JOCIKEHHS XAPAKTEPUCTHK CUCTEMH OXOJOIKEHHSA
HA BA3I KOHTYPHOI TEIUIOBOI TPYBHU JJISA YMOB TYPBOPEAKTUBHOI'O JBUI'YHA
3 HAAIBUCOKMM CTYHEHEM JIBOKOHTYPHOCTI

IL I. I'akan, I. A. Pubanvuenko, O. B. Tpemsk,
B. B. Hazapenko

IlpenmMeToM BHBYECHHS B CTATI € MPOIIECH TeIUIoNepeaadi B KOHTYpHIH TemoBiit 1py6i (KTT) mist BupimmeHH st

NPHUKJIAJAHOTO 3aBIAHHS MIITPUMAaHHS TeMIIEPATypHOTO PEKUMY pOOOTH KIANaHiB CHCTEMH BiIOOPY MOBITPS
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aBiallifHOTO JBUTyHa. MeTOI € eKCIepUMCHTAaJbHE OOTPYHTYBAaHHS NPAIEC3NATHOCTI Ta S(PEKTUBHOCTI CHCTEMH
oxonomkeHHs Ha 0a3i KIT mig temmepaTypHHX yMOB IEPCIICKTUBHOTO aBiallIfHOTO IBUTYHAa 3 HaIBHCOKHM
CTyIIEHEM JBOKOHTYPHOCTi. 3aBIaHHSl: CTBOPUTH EKCIEpUMEHTAJILHUNA CTeHJ Vi1 JOCHIDKEHHS TPOLECiB
Terionepeaavi B cucremi oxosiopkeHHss Ha 6asi KTT, skuif moBWHEH BiATBOPIOBATH TeMIEpaTypHi YMOBH poOOTH
KTT B cknmanm asiamiiiHoro asuryHa, opieHTtanito KTT B momi cumm TDKiHHSA. JIOCTHAUTH TMpane3faTHICTh CHCTEMH
OXOJIO/DKEHHS UI PI3HOTO TEIUIOBOTO HAaBaHTAXXEHHS, TEMIIEPATypH TEIUIOBIIBOAY, Opi€HTAILii B OJ CHIM TDKIHHSA,
JOJATKOBOT  TEIUIO30JMLil. ~ BHKOPHCTOBYBAaHMMH METOOAMHM €: CKCICPUMCHTAJBHUA TIAX, IUIaHYBaHHS
SKCIICPUMEHTY, CTATHCTUYHHAN MeETOJ OOpOOKH eKCIepUMEHTANbHUX pe3yibTaTiB. OTpuMaHi Taki pe3yJbTaTH.
CTBOPEHO €KCIEepUMEHTABHUN CTEHA I JOCIIDKEHHs MPOIeciB Temionepeaadi B CUCTEMI OX0JIO/PKeHHsT Ha 06asi
KTT, B skiii B SIKOCTI TEIUIOHOCIT BHUKOPUCTOBYETHCS TOJYOJ. lIpu CTBOpEHHI CTEHIy BpaxoBaHO TeMIEpaTypHi
YMOBH pOOOTH CHCTEMH OXOJIOJDKEHHS B CKIAJl MEPCHEKTHBHOTO aBiallitHOTO MBuUryHa. [IpoBeneHO OCHIMDKEHHS
MIPane3NaTHOCTI CHCTEMH OXOJIO/KEHHS TIPH PI3HHX yMOBaxX Opi€HTamil B IMOJI CHIM TSKIHHA, TeMIlepartypi
TEIUIOBIABONY Ta PI3HOMY TEIUIOBOMY HaBaHTAXCHHI. B pe3ynpTaTi OTpHMaHI €KCIIEpHMEHTANbHI pe3yibTaTH, SKi
JIO3BOJIMJI TIPOBECTH aHANI3 BIUIMBY OpI€HTAIli CHUCTEMH OXOJIODKCHHS B IOJI CHIM TSDKIHHSA, TEeMIEpaTypH
TEeIUIOBIBOLY, MOJATKOBOI BaKyyMHOT TeTUIO30IAIil BUMAapHHUKA Ta pimiaHOo1 Marictpam KTT Ta 1i mpare3aaTHic Th
Ta eexTuBHICTb. BucHOBKH. HoBH3HA OTpUMAaHUX PE3yJHTATIB MOJATAE B HACTYITHOMY: BIIEPIIE €KCIEPHUM EHTAIBHO
OOTPYHTOBAaHO MOXJIMBICTH BHKOPUCTAHHA CHCTEeMH OXolojkeHHA Ha 6a3i KTT B TemmepaTypHHX yMOBax,
XapaKTepHUX U1l IEePCHEKTHBHOTO aBiallifHOTO NBUTYHA 3 HAJBHCOKHM CTYIIEHEM NBOKOHTYPHOCTI; JOBEACHO, II0
KTT 3 To)Ty0JIOM B SIKOCTI TEIIOHOCIS B CKJIaJli CUCTEMHU OXOJIO/DKEHHS MOXe e(DeKTUBHO MpaItoBaTH CTabuIbHO, 0e3
MyJbcarliii Ta 6e3 ImeperpiBy OXoJI0/DKYBaHUX TMPIJIAB IPU PI3BHOMY TEMIIEpaTypHOMY HaBaHTAaXXEHHI, TeMIepaTypi
TEIUIOBIBOLY Ta OPIEHTAIIl B MOJI CHIM TSDKIHHS.

KirouoBi cJjioBa: cucteMa 0x0J0KEHHS; KOHTYpHA TemyioBa Tpy0a; Tervionepenaua; TypOOpeakTUBHUAN JBUTY H
3 HaJIBUCOKUM CTyIICHEM JBOKOHTYPHOCTI; CIIOKMBaHHS IAJIHBA.
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