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RESULTS OF BOILING HEAT TRANSFER TESTS ON LASER TREATED COPPER FIN

Abstract: The paper presents the test results of boiling heat transfer of distilled water on a copper fin under
atmospheric pressure. The surface of the fin has been modified with the laser and grooves have been produced along the fin’s
length. It has been determined that such a modification of the heater surface can results in elevated heat transfer coefficient.
The value of this coefficient has been almost three times higher in comparison to the smooth reference surface.
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PE3YJIBTAT TEIIUVIOIIEPEJAYI ITPU KUIITHHI HA MIJIHUX PEBPUCTUX HAT'PIBAYAX,
IO OBPOBJIEHI JIABEPHUM OITPOMIHIOBAHHSM

Y cmammi npedcmasaeni pesyssmamu sunpo6yeaHb mensogidda4i npu KuniHHi ducmusibo08aHoi 800u Ha MIOHUX pebpucmux
Haepieauax npu ammocgepHomy mucky. [loeepxHs pebep Gyaa 3MiHEHA /1A3epHUM ONPOMIHIOBAHHAM. Bysno ecmaHosseHo, ujo maka
Modudikayis nogepxHi Hazpisaua moxce npuzgodumu 0o nidsuweHHs Koediyienma mensonepedaui. 3Ha4eHHs Yb0o20 KoedpiyicHma 6ya10
matice 8 mpu pasu uuje y NOpieHsHHI 3 21a0K0I0 NOBEPXHEN.

Karouosi cno8a: mennoobMiH npu KUniHi, 1a3epHa 06po6Ka.

Introduction

Boiling is a very efficient heat transfer mode. It is characterized by significant values of the heat transfer
coefficient and considerable heat fluxes can be dissipated at low temperature differences. However, technologies to further
increase the heat fluxes are still searched for. One of the augmentation methods is the surface treatment. A number of
different techniques are used — for example rough surfaces or the application of microstructures on heat exchangers. In the
latter case a considerable increase in the heat flux is possible. For example Wondra and Stephan [1] investigated boiling of
FC — 72 on surfaces with micro pin fins attached to a copper surface. The diameters of pores were 3.5 um and 3.9 um. The
height of the produced structure was 45 pm and 32 pum, respectively. The authors found that heat flux dissipated from such
a treated surface was even 7.1 times higher than for the smooth surface without such a coating. Similarly, other forms of
surface treatment — such as oxidation — can improve heat transfer during boiling. Hong et al. [2] tested oxidised elements
which proved to increase the heat transfer coefficient by 1.5 — 1.75 times for water boiling and up to 1.5 times for R — 11
boiling in comparison with the reference surface (without oxidation). Chang and You [3] experimentally analysed boiling
heat transfer of FC-72 on surfaces with porous layers that consisted of solid particles joined together with epoxy.
Aluminium, copper, diamond and silver powders were used of particle diameters ranging from 1 pm to 50 pm. The
application of such microstructures resulted in increased heat flux even by ca. 330 % in relation to the smooth surface.
These methods are common and involve the application of an additional coating on the surface, however, sometimes the
exchanger is subjected to different treatment. Foe example Nimkar et al. [4] tested boiling of FC — 72 dielectric liquid on a
surface with pyramidal shaped cavities of the size 40 pm square mouth and 240 pm square base etched in silicon base.
Other solutions of microstructure production are possible such as the application of meshes or rough surfaces.

The application of laser treatment is not commonly discussed in literature. Hwang and Moran [5] focused their
paper on the enhancement of boiling heat transfer from electronic components by the application of laser-drilled holes 3—
15 um in mouth diameter. Orzechowski [6] investigated the modification of the surfaces of copper and aluminium fins by
laser and its effect on boiling heat transfer. The heat flux reported for a laser treated surface was even about 3 times higher
in comparison to the smooth surface. In another work Orzechowski [7] analysed water boiling on laser treated surface with
the additional coating of a copper fibrous structure of 85% porosity and reported an intensification of heat transfer.

A shortage of experimental data of boiling on laser treated surfaces requires to conduct tests in this area in order
to expend the knowledge and enable to properly design such heat exchangers for example for possible industrial
applications.

Material and method

The laser treatment was performed with the aid of the 6,5 kW TRUMPH laser system. The power supplied was
ca. 800 W. The narrow grooves were created in this way of ca. 1 mm depth along the length of the copper fin some 2 mm
apart from each other. In this method a surface extension is possible to obtain. Moreover, nucleation sites are produced
within the grooves. Both these factors should have a positive impact on the boiling process.

The tests have been performed with the use of a long — wave thermovision camera basing on the method
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described in detail by Orzechowski [7]. The analysed fin is immersed in the boiling liquid on one side (here laser treatment
was done on the sample) and on the other it is observed with the infrared system. Heat is supplied to the base of the fin, so
the temperature gradient is created along the length. First, the temperature distribution should be recorded as presented in
Figure 1.
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Fig. 1. Temperature distribution on the fin with laser treated Fig. 2. Gradient of temperature difference for three values of
surface for three values of power (W) supplied to the heater power (W) supplied to the heater
Then the numerical differentiation is needed in 20.09
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Fig. 3. Linear fitting of the experimental data
Boiling heat transfer test results

The method described in [7] enables to determine the boiling heat transfer performance of the analysed sample in
form of the boiling curve based on the parameters obtained through the linear fitting. Figure 4 presents the dependence of
heat flux vs. temperature difference of the wall and the saturation temperature (called ‘superheat’).
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Fig. 4. Boiling curves for the laser treated surface and the smooth surface

It is clearly visible that the heat flux values of the laser treated surface are higher in comparison to the smooth
surface results. This effect is more pronounced in the region of small temperature differences and diminishes as the
superheat becomes higher. It might be related to an increased number of nucleation sites (locations where vapour bubbles
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are produced) available on the sample modified with the laser. Table 1 shows the obtained enhancement as the ratio of the
heat flux of the laser treated surface and the smooth reference surface for selected values of the temperature difference
(from 4 to 20 K).

Table 1
Heat transfer enhancement ratio
T-Tg, K 4 8 12 16 20
qlaser/qsmooth 2399 2,40 2,12 1,93 1,80
Conclusions

The application of the laser treatment is an effective method that can result in increased heat fluxes for the same
superheat value. Boiling heat transfer performance has been improved in comparison to the smooth surface (without any
modification) especially for small temperature differences. Here the heat flux has been ca. 3 times higher. It could be
linked with a higher number of nucleation sites available for vapour production on the surface modified with laser. Further
tests in this field could provide more data on the enhancement of boiling on such treated surfaces. However, one of the
problems related to the use of laser on copper is a possible beam reflection and different heater materials might need to be
used.
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HJIAXA NIABAUHIEHHSA TOYHOCTI PO3B’A3KIB 3BOPOTHHUX 3AIAY

B cmammi noka3aHo 38's30k yucaa o6ymosaeHocmi mampuys i 8idHocHOi ma abcoaomHoi noXubok po3e’si3Ky
380pOMHUX 3a0ay, WO onUCyrombvCs AHITHUMU Modeasimu. O6TPYHMOBAHO 3ACMOCY8aHH Memody HaliMeHwux keadpamie
04151 nokpaujeHHsi cmilikocmi [ nidguujeHHss moyvHocmi po3e’s3kie. 3anponoHo8aHo memod 3abe3neyeHHs cmilikocmi
p038’s3Ki8, Wo 6asyemubcsl HA 3ajay4eHHi dodamkogoi iHgopmayii wasaxom 36i/1buleHHs] KiibKocmi 8UMIpH8aHb 8UXIOHUX
napamempie siHiliHoi Modesi. Po3po6seHo cnoci6 i cmamucmuyHull asi2opumm 3a6e3neveHHsl 3adaHoi moyHocmi po3e’si3Ky
no2aHo 06yMo8/1eHUX cucmem AiHIUHUX a12e6paidHuUX piBHsIHb.

Kawuosi caoea: 36opomHi 3adaui, cmitikicme, AiHiliHa Modeab, noXubku, noeaHa o6ymosaeHicme
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WAYS TO IMPROVE THE ACCURACY SOLUTION OF INVERSE PROBLEMS

Abstract - The paper shows the relationship among the conditionality of matrices and the relative and absolute errors in solution
of inverse problems described by linear models. Application of the method of least squares to enhance stability and improve the accuracy of
solutions. The method of stability of solutions is based on attracting additional information by increasing the number of measurement
outputs of the linear model. A method and a statistical algorithm to ensure the desired accuracy of solution poorly conditioned systems of
linear algebraic equations.

Keywords: inverse problems, stability, linear model, errors, ill-conditioning
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