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Abstract

Microstructural coatings may by successfully applied in phase — change heat exchangers to enhance heat transfer. They
can be used in heating and ventilation systems as presented in the literature review. The test results of boiling heat transfer
prove that it is possible to significantly increase heat flux comparing to the smooth surface if porous microstructures are
applied. The measurements were conducted on the non — isothermal surface of the fin. Distilled water was used as the

working fluid.
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1. Introduction

Currently, much scientific effort is directed towards
the production of more efficient heat exchangers.
Particularly interesting are phase —change exchangers,
since they offer the dissipation of significant heat
fluxes at small temperature differences. They are
commonly used in refrigeration, air conditioning and
other areas. The need to dissipate even higher heat
fluxes led to the discovery of enhanced structures.
They cover the heating/cooling surfaces and enable
to improve heat transfer conditions. Consequently,
eleveted heat fluxes might be expected. Such enhanced
microstructures might be produced on surfaces
through sintering metal powders, meshes, fibers on
them or as regular microfins or microgrooves. They
can be used either in condensation or in boiling,
which is described further in the paper.

2. Microstructures in heating and ventilation

The pioneer work focused on boiling heat transfer
enhancement was conducted by Jakob and Fritz in
1931. They found that increased roughness of the
heating surface leads to the increase in dissipated
heat flux. However, this effect disappears with time.
This phenomenon did not cause much interest. Later,
in the years 1955 — 1965, significant progress was
made in exploring the mechanisms of phase change
processes. That resulted in developing heat transfer

enhancing structures. The first one was patented in
1968 [1]. There are many types of coatings available
on the market. And many ways of manufacturing them.
Figure 1 presents examples of some microstructures.

a) b) c)

Fig. 1. Commercial microstructures: a) Hitachi
Thermoexcel, b) Gewa, c¢) High Flux [2]

Microstructural ~ coatings may have many
applications. Gottzmann et al. [3] investigated the use
of High Flux metallic covering of 50-65% porosity.
Based on the experimental results of air conditioning
evaporators with ammonia as the working fluid, it
was concluded that it might be possible to increase
heat flux twice. And, at the same time to reduce the
temperature difference by about 1 K. The designed
absorption ammonia chiller with the High Flux
microstructure enabled to decrease the length of
cooling pipes 6-7.5 times as compared to conventional
systems.

The enhanced heat exchangers reduce the mass of
the devices. And, consequently, the transportation and
installation costs. Moreover, the amount of working
fluids is limited. For refrigeration and air conditioning
applications channels with internal microfins are used.
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Such a surface modification results in a small increase
in pressure loss as compared to smooth pipes [4].

Porous microstructures are used as the internal
coating of heat pipes. They are part of efficient heat
exchangers [5, 6]. In one end of a heat pipe (Fig. 2)
vaporisation occurs. The heat is dissipated from the
cooled element. On the other end heat is reliesed to
the surroundings and condensation takes place inside.
Such a heat exchanger is very reliable since there are
no moving parts. The temperature difference along
the heat pipe is small. This is the additional advantage.
Consequently, it might be widely used in the broad
temperature range (from criogenics to temperatures
reaching 1600°C).

porous layer

/ _liquid flow

vapour flow

-

Heat absorbed Heat dissipated

Fig. 2. Heat pipe
If, for example, a waste heat source is available heat

can be efficiently transported to different rooms using
the heat pipe. This concept is presented in Figure 3.

_insulation heat pipe

room 2

/ waste heat source

Fig. 3. Heating system constructed with heat pipes [5]

Abd El — Baky et al. [7] investigated a heat
exchanger consisting of heat pipes, used to recuparate
heat in air conditioning systems. The two ducts are
present — one which transports fresh air from the
outside of temperature 32-40°C and the other with the
cooled air of constant temperature 26°C. The ducts
are parallel to each other and joined with the heat pipe
heat exchanger. Ratios of mass flow rate between the
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return and the fresh air were 1, 1.5 and 2.3. The results
proved that efficiency and heat transfer for evaporator
and condenser sections are increased to about 48%,
when the fresh air temperature is increased to 40°C.
The rise in the ratio of the return to fresh air mass
flow rate by about two times results in an increase in
the temperature change of fresh air by ca. 20%. And
the effectiveness of the heat exchanger by ca. 26%.
Figure 4 presents the scheme of the studied heat pipe
heat exchanger in the ventilation ducts.
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Fig. 4. Scheme of the heat pipe heat exchanger [7]

3. Boiling on surfaces with porous layers

The impact of microstructural porous coatings is
investigated on the example of the non — isothermal
surface of the copper fin. To this surface the metallic
layers are attached and sintered in the furnace without
oxygen. Thatis done in order to prevent oxidation. The
fin is part of the vessel. Its connected with the liquid
on the side with the microstructure. The other side of
the fin is examined with the infrared camera. The main
heater is attached to the fin at one end. It warms it up to
temperatures over the saturation temperature. Because
heat is supplied to one end of the fin, the temperature
gradient is created. The temperature distribution
is then measured with a long — wave (8-14 mm)
thermovision camera. The camera is equipped with a
detector of 384 x 288 pixels. Its thermal resolution is
0.08 K. The obtained temperature distribution is used
to draw boiling curves. That is done according to the
method presented by Orzechowski [8]. In this method
the heat transfer coefficient depends exponentially on
superheat (which is the difference between the wall
temperature and the saturation temperature):

a=a0" (1)

The experimental determination of constants: a,
and n leads to the equation for the boiling curve.
According to the methodology [8] the formula
for superheat gradient along the fin in logarithmic
coordinates can be expressed as:
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Here P and F are the circumference and surface area
of the copper fin, respectively. The 1 is the thermal
conductivity of the material.

The knowledge about the temperature distribution
along the fin (after numerical differentiation) enables
the constants a and n to be determined from the
data fitting. Thus, the boiling curve can be drawn as
a function of local values of heat transfer coefficient
(or heat flux) and wall superheat using the equation (1).

The measurements were carried out for the porous
microstructure. Its height was 0.6 mm and porosity
ca. 0.6. The test began with recording the temperature
distribution along the fin. It was done with the
thermovision camera for three different levels of
electric power. The power was supplied to the main
heater (Fig. 5). Numerical differentiation produced
the first derivative. This is presented in Figure 6. The
constants a and n could be determined according to
equation (2) through the linear least square fitting.
Based on the above mentioned the boiling curve could
then be drawn (Fig. 7). For comparison the smooth
surface test results [9] are given. The test was limited
to nucleate boiling heat transfer — with superheat not
exceeding 18 K. It was conducted under ambient
pressure. Distilled water was the working fluid.
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Fig. 5. Temperature distribution along the fin for three
levels of electric power (W) supplied to the main heater
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Fig. 6. Superheat gradient vs. superheat for three levels of
electric power (W) supplied to the main heater (6 > 2K)

‘e 32694
ES
S5t o
o: 1203—— Q;:ﬁ"d;')‘{ji— —
']
0 ol
442*— — /?—)"J" — —'?‘——
_,’/D ,.”.,.
1634— U//° P ;/-.;-vf- —
—8— a
604 P ‘ J
-o— b
.,/- == i
224 //.
8 T T !
27 7.4 201
0K

Fig. 7. Boiling curves for distilled water: a — smooth
surface [9], b — microstructural coating

As can be seen in Figure 7 the application of the
microstructural coating resulted in elevated heat flux
in comparison to the smooth surface for the same
superheat. This enhancement is especially apparent
in the low superheat region. As the temperature
increases more vapour is produced on the surface. Its
transport through the porous layer becomes difficult
due to flow resistance. Consequently, for higher
superheats the curve representing the microstructure
approaches the one for the smooth surface.

4. Conclusions

The microstructural coatings are part of phase —
change heat exchangers. Their application might
lead to the significant enhancement of heat flux at the
same temparature difference. Based on the test results
presented above it can be concluded that it is possible
to dissipate over 10 times more heat — for lowest
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superheats — if porous layers are used, as compared to
smooth reference surface. Heat exchangers produced
with microstructures could be working with different
fluids. More tests are needed to determine optimal
geometrical and material properties of different kinds
of porous layers. They will ensure the maximal heat
flux to be dissipated. Thus, the design guidelines
could be proposed for the production of such heat
exchangers.
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Mozliwosci zastosowania mikropowierzchni
strukturalnych w ogrzewnictwie i wentylacji

1. Wstep

Obecnie szerokie zainteresowanie wzbudzaja wy-
soce efektywne wymienniki ciepta. Szczegdlnie inte-
resujgce sg te, ktore pracujg przy zmianie fazy czyn-
nika, poniewaz umozliwiaja odbieranie znacznych
gestosci strumienia ciepta. Sa one powszechnie sto-
sowane m.in. w chtodnictwie czy klimatyzacji. Po-
trzeba odbierania coraz wigkszych strumieni ciepta
doprowadzita do odkrycia pokry¢ intensyfikujacych
wymiang ciepta, ktore naktada si¢ na powierzchnie
wymiennikow. Takie mikrostruktury wytwarza si¢ ze
spieczonych proszkéw metalicznych, siatek czy wio-
kien lub jako mikrozebra lub mikrowgtebienia. Moga
by¢ one stosowane w przypadku zaréwno kondensa-
cji jak i wrzenia.

2. Mikropowierzchnie strukturalne w ogrzewnictwie

i wentylacji

Pierwsza praca dotyczaca intensyfikacji wymia-
ny ciepta przy wrzeniu byty badania Jakoba i Fritza
w 1931 r., w ktorych wykazali, ze zwickszenie chro-
powato$ci powierzchni grzejnej prowadzi do zwigk-
szenia ilo$ci odbieranego ciepta. Zjawisko to nie byto
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jednak obiektem wickszego zainteresowania. Dopie-
ro lata 1955-1965 zaowocowatly opracowaniem struk-
tur intensyfikujagcych wymiang ciepta przy wrzeniu.
Pierwsza taka strukture opatentowano w 1968 r. [1].

Mikropowierzchnie strukturalne mogg by¢ sto-
sowane w wielu gateziach przemyshu. Gottzmann
1 in. [3] opisali zastosowanie powierzchni High Flux
w parownikach klimatyzatoréw wykorzystujacych
cykl absorbcyjny amoniaku. Przeprowadzone do-
$wiadczenia przy wrzeniu roztworu 16-17% amonia-
ku dowodza, ze mozliwe jest dwukrotne zwigckszenie
gestosci strumienia ciepta przy jednoczesnej redukeji
ro6znicy temperatury o okoto 1 K.

Wymienniki rurowe intensyfikujace wymiang
ciepla sa powszechnie stosowane w chlodnictwie
i klimatyzacji. Powoduja zmniejszenie wymiarow
urzadzen i wymaganej ilosci ptynéw chtodniczych
w wymienniku. W przypadku zastosowan chtodni-
czych i klimatyzacyjnych stosuje si¢ obecnie rury
z wewnetrznymi mikrozebrami [4].

Powierzchnie porowate stosowane sg jako wypet-
nienie rur ciepta, stanowigcych element efektywnych
wymiennikow ciepta [5, 6]. W rurze ciepta mozna
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wyr6zni¢ czes¢, w ktorej nastgpuje parowanie (od-
bieranie ciepta) i skraplanie, gdzie nastepuje oddawa-
nie ciepla. Brak czesci ruchomych oznacza wysoka
niezawodnos¢ takich urzadzen. Dodatkowa korzyscia
jest prawie stata temperatura na ich dtugosci.

Abd El — Baky i in. [7] przedstawili wyniki badan
wymiennika ztozonego z rur ciepta przeznaczonego
do rekuperacji ciepta w uktadach klimatyzacyjnych.
Uktad pomiarowy obejmowat dwa kanaty — jeden ze
Swiezym powietrzem zewngtrznym o temperaturze
32-40°C i drugi z powietrzem o statej temperaturze
26°C. Kanaly zlokalizowano réwnolegle i potaczo-
no wymiennikiem z rurami ciepta. Okoto dwukrotny
wzrost ilorazu strumienia powietrza chlodnego do
swiezego powoduje zwickszenie spadku temperatu-
ry powietrza swiezego miedzy wejsciem a wyjsciem
z wymiennika o ok. 20% i1 zwigkszenie efektywnosci
wymiennika o ok. 26%.

3. Wrzenie na powierzchni z pokryciem porowatym

Badania wykonano na stanowisku, ktorego glow-
nym elementem jest miedziane zebro z mikrostruk-
turg porowata o grubosci 0,6 mm i porowatosci ok.
0,6. Do badan wykorzystano kamere termowizyjng
o rozdzielczosci 0,08 K, w celu okreslania rozkladu
temperatury na diugosci. W wyniku zastosowania
procedury opisanej przez T. Orzechowskiego [8] uzy-
skano krzywa wrzenia, ktorg poréwnano z wynikami

dla powierzchni gtadkiej. Wykazano znaczne mozli-
wosci intensyfikacji wymiany ciepta w poroéwnaniu
do powierzchni odniesienia, jesli zastosuje si¢ dodat-
kowe pokrycie mikrostrukturalne.

Najwigksza intensyfikacje wrzenia obserwowano
dla obszaru matych przegrzan — rys. 7 (przegrzanie
oznacza roznice temperatury powierzchni grzejnej
1 temperatury wrzenia). Wzrost temperatury powo-
dowat zwiekszona produkcje pary, a utrudniony jej
transport z powierzchni grzejnej przez warstwe po-
rowatg powodowat, ze krzywa wrzenia dla analizo-
wanego pokrycia zblizata si¢ do wynikéw dla po-
wierzchni gladkie;.

4. Wnioski

Struktury porowate moga stanowi¢ element efek-
tywnych wymiennikow ciepta, wykorzystujacych
zjawisko przemiany fazowej. Zastosowanie mikropo-
wierzchni strukturalnej spowodowato ponad 10-krot-
ny wzrost gestosci strumienia ciepta dla najmniej-
szych przegrzan przy wrzeniu wody pod cisnieniem
atmosferycznym. Rozszerzenie badan na inne czyn-
niki i struktury moze umozliwi¢ okreslenie optymal-
nych parametrow geometrycznych i materiatowych,
celem maksymalizacji gestosci strumienia ciepta.
W zwiazku z czym mozliwe byloby wowczas zapro-
ponowanie wytycznych projektowych dla takich wy-
miennikow.
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