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Y oanomy docaidxcenni 6yno pospoéae-
HO HOBY CYUIbHY KOHCMPYKUIIO MEnI06UX
mpy6 0nsa nidsuuwienHs Mennoeux xXapak-
mepucmux. Bueuenns xuninns y cyuino-
Hill mennoeill mpy6i 0ocaioncyemocsa 0as
demanvnoi ingopmauii npo 3apooxcenHs
oynvoamox. Excnepumenm nposoouecs 6
CYuibHuUX menyosux mpybéax 3 eapiauieio
eunapnuxa (d) do cnissionowenns diamempa
xondencamopa (D). 3navenns d/D sminio-
tomoca 6 1/1;1/2;1/3 i 1/4. Tennose nagan-
MaxdceHHs 2eHepYEmMvbCss HA CeKUii BUNApHU-
xa 3 euxopucmannsm DC-Power naspieaua
na 30, 40 ma 50 Bm. Texnonozis éizyanizauii
Oyna pospobaena 3a 00nomMoz010 npo3opoi
CKAAHOT mMpYOKU, A 3HIMKU KURAAUUX OYIlb-
Ooawox Oyau 3pobaeni 0zepranvioro Kame-
potro. Haxun ckaanoi mpyou cmanosumo 45°
ma inmezposano 3 mooynem NI-9211 ma
c-DAQ 9271. Tepmonapu K-muny écmanog-
N106ANUCS HA BUNAPHUKY MA KOHOeHCamop-
HUX CeKUiAX 0151 BUMIDIOBAHHS meMnepamy-
PU Kuninmsa 6 cyuiavnii mennoegii mpyoi.

Buxo0suu 3 pezyavmamis, MoxcHa 3a3Ha-
yumu, wo pisni eapiauii cnieeéioHOUWEHH
menno6020 HABAHMANCEHHS MA CNiB8IOHO-
wenns oiamempa (d/D) eunapnuxa ma Kon-
dencamopa eénaugaiomv Ha po3mip i popmy
Kunnauux Oyavbawox, a maxoiyc memne-
pamypy 3apoorycenns HA CYULIbHIL Meno-
60i mpyo6i. Koegiuienm mennonepedaui mae
mendenuito 00 36invbUEHH NPU MENTOBOMY
Hasanmasncenni 50 Bm ma cniggionowenni
diamempa d/D=1/4

Knrouosi cnosa: sizyanizauis xun'amin-
HA, ymeopenns 0yavoawox, Koniuna mpyoa
MenaonoAUHAnH, Koeiyichm eunaposy-
eéanns 0o diamempa Konoencamopa

|l =,

1. Introduction

Heat pipe is a technology that uses porous media in the
form of wick, which serves as a path for the return of liquid
fluid from the condenser to the evaporator. The basic princi-
ple Heat pipe uses two-phase flow, latent heat and capillary
channel for working fluid circulation between heating and
cooling areas with wick media. The structure, design and
construction of wick had a strong influence on heat pipe
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performance and had a critical aspect in the manufacturing
process.

The working system of heat pipe at a certain pressure,
the liquid will evaporate, while the steam will also melt at a
certain temperature, so that there will be pressure settings
in the heat pipe which in turn will also regulate the working
temperature and phase changes from liquid to vapor and vice
versa. The capillary pressure in the wick will move fluid even
against gravity due to the effect of capillarity.




Techniques enhancement heat transfer can be classified
into two methods, which are active method and passive
method. Generally, the heat pipe has three parts, namely the
evaporator, adiabatic section and the condenser as dissipa-
tion of the heat. Various heat pipe design features had been
developed to enhance the thermal performances. While the
thermal performance of heat pipe challenges is well under-
stood, the research was focused on boiling visualization to
provide the phenomenon of nucleation form. Based on the
phenomenon of nucleation form, it can be determined ther-
mal performance evaluation.

heat pipe with variation of the evaporator to condenser di-
ameter ratio through visualization. The tapering heat pipe
positioned at an inclination angle of 45° was set to provide
the purpose.

To accomplish the set aim, the following tasks were set:

— to find the shape and size of the bubbles phenomenon
at various heat loads and variation of the evaporator to con-
denser diameter ratio;

— to find the heat transfer coefficient and thermal resis-
tance at various heat loads and variation of the evaporator to
condenser diameter ratio.

2. Literature review and problem statement

4. Material, methods and model of research

Heat pipe is a passive device of heat transfer from the
heat source at the evaporator to the heat sink as the dissipa-
tion of heat in a relatively long time span through the evap-
oration latent heat of the working fluid [1]. An experimental
technique has been developed to simultaneously visualize
the evaporation process and measure the evaporator resis-
tances of a flat-plate heat pipe [2—5].

Visualization study of vapor formation regimes during
capillary-fed boiling in sintered-powder heat pipe wicks [6]
provided a detailed indication of the fundamental vapor-for-
mation regimes occurring at different heat fluxes and allows
correlation of the evaporation/boiling mechanisms to ther-
mal performance trends and surface modifications.

Visualization experiments were conducted to measure
the performances of heat pipes by copper mesh with various
surface wettability in the condenser and the evaporator [7].
In the next study, visualization of the condensation process
was conducted on flat-plate heat pipes [8].

In the work [9], visualization of the evaporation/boiling
process and thermal measurements of operating horizontal
transparent heat pipes by glass tube and water
as the working fluid was studied. Study results

Tapering heat pipes are made of a glass tube with a
diameter ratio d/D=1/1, 1/2, 1/3 and 1/4, d is the outside
diameter of the evaporator, d is constant =10 mm, and D is
the condenser outside diameter. The length of the tapering
heat pipe is 200 mm. Screen mesh wick serves as the axis
of the capillary to return liquid from the condenser to the
evaporator. The condenser ends insert a working fluid into
the heat pipe tapering. Wick heat pipe of the mesh screen
wire diameter in the form of 56.5um single array with the
number 67.416 per mm. Screen mesh wick made of stainless
steel wire with a thermal conductivity of 40 W/(m-K), in the
form of rolls following the shape of the tapering heat pipe so
that the shape layer with a screen of 100 mesh. Its operation
condition is room temperature and airtight during to the
experiment with 100 ml of water Aqua as a working fluid.
The heat source is used DC-Power supply to the condenser
section. The design of the tapering heat pipe made of glass
tube can be seen in Fig. 1 and the experimental set-up on
tapering heat pipes with an inclination position 45° fixed can
be seen in Fig. 2.

indicated that nucleate boiling was prompted
for a wick having a fine 200-mesh bottom layer.

In the other study, inclination angle affects —
the thermal efficiency of the heat pipe on working
fluid copper using Nano fluid [10]. The studied
heat pipe with an inclination angle of 45° produc-
es the highest thermal performance [11]. The heat
pipe design is developed to provide the perfor-
mance, and heat transfer improvement. Various
designs of heat pipe had been investigated but the
operation the heat pipe requires a fan to assist the heat dissi-
pation process due to limitation of condenser section as heat
dissipation, therefore it effected to high cost design.

In this study, the tapering heat pipe is investigated to
enhance the thermal performances. The condenser section is
larger than the evaporator section to provide the balancing
of heat source and heat sink and continuous circulation. The
tapering heat pipe does not require a fan because of different
evaporator area and condenser. Boiling visualization in the
tapering heat pipe is measured to provide the detailed infor-
mation of bubbles nucleation.

® 10 mm

3. The aim and objectives of the study

The aim of this study is to investigate the characteristics
of bubbles formation on the boiling process in the tapering

80 mm 70 mm 50 mm
Evaporator Adiabatic Condenser
=
=
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Fig.1. Tapering heat pipe from glass tube with a diameter ratio d/D=1/3

(e=10 mm, D=30 mm) @
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Fig. 2. Experimental set-up: 1 — Tapering heat pipe from
glass tube; 2 — Thermocouple (T1, T2); 3 — 9171=c-DAQ and
NI 9211- Module; 4 — Computer unit; 5 — Heater DC-Power
Supply; 6 — SLR Camera
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Fig. 3. Thermocouple positions

Tapering heat pipe testing was done by measuring the
temperature at two points with the thermocouple posi-
tions of 10 mm, and 200 mm with the variation of the heat
load of 30 W, 40 W and 50 W as T1 and T2 in Fig. 3. The
variation of the heat load is taken because thermal yield
at device several electronic average 30 W to 130 W. The
tapering heat pipe is used in the electronic cooling system.
One end of the tapering heat pipe is
used as an evaporator, wires heater
(flexible heater) is wound on the
side of the evaporator which serves
as a heat source and the condens-
er serves for heat dissipation. Heat
source (Q) of the DC-power supply
provides heat energy to the tapering
heat pipe. K-type thermocouples are
installed at two points to measure
the boiling temperature distribution
associated with data acquisition,
9171 ¢-DAQ and module NI-9211.
The visualization is conducted by
using a transparent glass tube no
isolation and heat loss ignored so
easy to images of boiling bubbles
were captured by SLR camera. The
heat flux is the evaporator section
(q.) was calculated by the equation
(1) and the temperature of the inside
and outside walls of the tapering
heat pipe was calculated by the equa-
tion (2).
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w 0

where Q is heat load, 7y and r; the
radius of the outer and inner ta-
pering heat pipes, L, is the length
of the evaporator, T; and Ty is the
temperature of the inside and outside
walls of tapering heat pipes and
is the thermal conductivity of the
glass tube. The coefficient of heat
transfer from the evaporator can be
calculated through a comparison be-
tween the heat flux at the evaporator
with the temperature decrease AT
by the equation (3). While thermal
resistance can be calculated by the
equation (4).
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5. Research results of the effect of the evaporator-
condenser diameter ratio at various heat load on the
bubble size, heat transfer coefficient and thermal
resistance

a. Heat load of 30 Watt

The visualization results with heat load 30 W of variety
of the evaporator-condenser diameter ratio are showed at
Fig. 4. The boiling bubbles are occurs on the evaporator
section. The bubbles visualization results are explained at
discussion section.

g

Fig. 4. Bubbles shape of the tapering heat pipe at a heat load of 30 W:

a — Evaporator to condenser diameter ratio (d/D)=1/1, g.=9,952 kW /m?;
b — Evaporator to condenser diameter ratio (d/D)=1/1, g=11,942 kW /m?;
¢ — Evaporator to condenser diameter ratio (d/D)=1/2, g.=9,952 kW /m?;
d — Evaporator to condenser diameter ratio (d/D)=1/2, qe=11,942 kW /m?;
e — Evaporator to condenser diameter ratio (d/D)=1/3, g.=9,952 kW /m?;
f— Evaporator to condenser diameter ratio (d/D)=1/3, g.=11,942 kW /m?;
h— Evaporator to condenser diameter ratio (d/D)=1/4, q.=9,952 kW /m?;
g — Evaporator to condenser diameter ratio (d/D)=1/4, g=11,942 kW /m?

b. Heat load of 40 Watt

The visualization results with heat load 40 W of variety
of the evaporator-condenser diameter ratio are showed at
Fig. 5. The boiling bubbles are occurs on the evaporator
section. The bubbles visualization results are explained at
discussion section.



e f h g
Fig. 5. Bubbles shape of the tapering heat pipe at heat load of 40 W: a — Evaporator to condenser diameter ratio (d/D)=1/1,
9.=13,933 kW /m?;b — Evaporator to condenser diameter ratio (d/D)=1/1, g=15,923 kW /m?; ¢ — Evaporator to condenser
diameter ratio (d/D)=1/2, q.=13,933 kW /m?; d — Evaporator to condenser diameter ratio (d/D)=1/2, g.=15,923 kW /m?;
e — Evaporator to condenser diameter ratio (d/D)=1/3, ge=13,933 kW /m? f— Evaporator to condenser diameter ratio
(d/D)=1/3, q:=15,923 kW /m?; h — Evaporator to condenser diameter ratio (d/D)=1/4, g.=13,933 kW /m?;, g — Evaporator
to condenser diameter ratio (d/D)=1/4, g=15,923 kW /m?

c¢. Heat load of 50 Watt d. Heat flux and heat transfer coefficient

The visualization results with heat load 50 W of variety
of the evaporator-condenser diameter ratio are showed at
Fig. 6. The boiling bubbles are occurs on the evaporator
section. The bubbles visualization results are explained at

The heat transfer coefficient proces and heat flux on the
tapering heat pipe of vareaty of the evaporator-condenser
diameter ratio are showed at Fig. 7. The result heat flux and
heat transfer coefficient are explained at discussion section.

discussion section.
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Fig.7. Heat transfer coefficient by heat flux

e. Thermal Resistance

The thermal resistance on the tapering heat pipe of va-
reaty of the evaporator-condenser diameter ratio are showed
at Fig. 8. The result thermal resistance are explained at
discussion section.
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Fig. 6. Bubbles shape of the tapering heat pipe at heat
load of 50 W: @ — Evaporator to condenser diameter
ratio (d/D)=1/1, g=17,914 kW /m?; b — Evaporator to
condenser diameter ratio (d/D)=1/1, g=19,904 kW /mZ;
¢ — Evaporator to condenser diameter ratio (d/D)=1/2,
q.=17,914 kW /m?; d — Evaporator to condenser diameter
ratio (d/D)=1/2, g.=19,904 kW /m?%; e — Evaporator to
condenser diameter ratio (d/D)=1/3, g=17,914 kW /m?;
f— Evaporator to condenser diameter ratio (d/D)=1/3,
g.=19,904 kW /m?; h — Evaporator to condenser diameter
ratio (d/D)=1/4, g.=17,914 kW /mZ% g — Evaporator to
condenser diameter ratio (d/D)=1/4, g.=19,904 kW /m?

Heat Load (Q) Watt

Fig. 8. Thermal resistance by heat load

6. Discussion of the research results of the effect of
evaporator-condenser diameter ratio at various heat load
on the bubble size, heat transfer coefficient and thermal
resistance

Fig. 4 shows grow up and bubbles shape with variation
of the evaporator-condenser diameter ratio and heat flux



enhancement of the inclined 45° on the tapering heat
pipe. The phenomenon in Fig. 4, a—d occurs on the screen
mesh wick surface of the heat flux 9,952 kW/m? to begin
formation of nucleate bubbles on the screen mesh wick
surface and heat flux 11,942 kW/m? bubbles number more
increasing. Nucleate bubble is vapor bubbles occur at sol-
id surface. The nucleate bubbles begin to disperse partly
on the screen mesh wick surface by different size and
shape. Fig. 4, e—g shows small bubbles occurred evenly by
uniform size and shape on the screen mesh wick surface
compared bubbles on the diameter ratio (d/D)=1/1. The
phenomenon is indicated that the heat transfer process
occurs better because the heat transfer coefficient, heat
flux enhancement and thermal resistance decreased so
that thermal performance increased.

The boiling phenomenon in Fig. 5, a, b is with varia-
tion of the heat load of 40 W generated bubbles shape larg-
er size occurred between heat flux 13,933 kW/m? and heat
flux 15,923 kW/m? at the long pipe. Fig. 5, c—/ shows the
boiling bubbles dispersed with different size and shape at
the long pipe. Fig. 5 ¢ is shows the bubbles less number and
large size because of the small bubbles coalition. Bubbles
number tends to increase as heat load increased, bubbles
large size collapse prompt and rapidly leave the screen
mesh wick surface in the form of vapor to then evapora-
tion. Bubbles size in Fig. 5, &, g is less and uniform than
in Fig. 5, a—f shows diameter ratio value increased not al-
ways generated large bubbles because different evaporator
section and condenser area large.

The boiling phenomenon in Fig. 6, @, b is with varia-
tion of the heat load of 50 W, bubbles shape generated at
condition is the big bubbles size and less number occurred
at heat flux 17,914 kW/m? and heat flux 19,904 kW/m? in
the long pipe. Fig. 6, b, ¢ shows that the boiling bubbles
occurred with different size and shape in the long pipe
and tend the same with Fig. 5, a—f. Boiling bubbles in
Fig. 6, h, / show the uniform size and shape but less bub-
bles size is larger caused rapidly collapse bubbles in the
form of vapor then occur evaporation. Nucleate tempera-
ture is heat load of 50 Watt occurred faster compared
with heat load of 30 W and 40 W because the heat transfer
coefficient, heat flux increased and thermal resistance
decreased so thermal performance enhancement. Bubbles
shape and size change with variation of the d/D and heat
load because existence different section area evaporator
and condenser. Section area of the condenser is large and
heat load increase cause rapid heat dissipation and vapor
generated enhance. Vapor generated increase causes bub-
bles shape and size changed.

The feature of the proposed solutions is the new design of
the tapering heat pipe with certain advantages without a fan
the condenser section to lower cost. Future developments are
excellent for electronic device coolers.

The effects of heat load on the heat transfer coefficient
with variation of the evaporator to condenser diameter ra-
tiois shown in Fig. 7. The diameter ratio value is increased

result heat transfer coefficient and heat flux decreased but
on diameter ratio 1/4 enhancement. This shows that the
diameter ratio of 1/4 has conformity section area evap-
orator and condenser cause continue evaporation-con-
densation circulation so result heat transfer coefficient
enhance.

The advantages of this research compared to similar
ones is the increase of the heat transfer coefficient and
heat flux on the diameter ratio of 1/4 because the evap-
oration-condensation process occurs continuously. This
tapering heat pipe is without a fan, unlike another design
of the heat pipe as a flat heat pipe, straight tube, circular
tube etc.

The thermal resistance on the tapering heat pipe is
the evaporator and condenser diameter ratio with various
heat loads shown in Fig. 8. Diameter ratio d/D is as an
independent variable and heat load is a dependent variable.
Diameter ratio value is increased with the rise of the heat
load result resistance thermal enhance but on the diameter
ratio of 1/4 decreased. This shows that the diameter ratio of
1/4 has conformity section area evaporator and condenser
cause continue evaporation-condensation circulation so
result resistance thermal decreased. Heat transfer coeffi-
cient and thermal resistance change with variation of the
d/D and heat load because temperature different AT small
relatif between evaporator and condenser. The condenser
section and heat load increasely vapor generated and grav-
itation force enlarged. The heat load and diameter ratio are
affect heat transfer coefficient value and thermal resistance
on the tapering heat pipe.

The shortcomings of the research are not installed
pressure gauge on the evaporator section and condenser for
measure work pressure. The restrictions can be imposed on
the use of the results of the evaporator to condenser diameter
ratio and various heat loads.

Can be the development of this research is flow boiling
and pool boiling in the tapering heat pipe. The difficulties
can be in trying to develop this research in these areas in the
manufacturing process of the tapering heat pipe.

7. Conclusions

The visualization experiment result shows the evapora-
tor to condenser diameter ratio and heat load effect on the
boiling phenomenon as follows:

1. The bubbles shape and size are variation generated
at various heat loads and variation of evaporator to con-
denser diameter ratio. Bubbles small disperse and group
with quality is less clear occur at low heat load and evapo-
rator to condenser little diameter ratio. Various heat loads
and bigger ratio are generated of small bubbles grouping
and there are greater ones with quality is clear.

2. Heat transfer coefficient enhanced and thermal
resistance decreased for increasing heat load and grow
diameter ratio.
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