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Evaporation/Boiling in Thin
Capillary Wicks „l…—Wick
Thickness Effects
Presented here is the first of a two-part investigation designed to systematically identify
and investigate the parameters affecting the evaporation/boiling and critical heat flux
(CHF) from thin capillary wicking structures. The evaporation/boiling heat transfer co-
efficient, characteristics, and CHF were investigated under steady-state conditions for a
variety of capillary structures with a range of wick thicknesses, volumetric porosities, and
mesh sizes. In Part I of the investigation we describe the wicking fabrication process and
experimental test facility and focus on the effects of the capillary wick thickness. In Part
II we examine the effects of variations in the volumetric porosity and the mesh size as
well as presenting detailed discussions of the evaporation/boiling phenomena from thin
capillary wicking structures. An optimal sintering process was developed and employed
to fabricate the test articles, which were fabricated using multiple, uniform layers of
sintered isotropic copper mesh. This process minimized the interface thermal contact
resistance between the heated wall and the capillary wick, as well as enhancing the
contact conditions between the layers of copper mesh. Due to the effective reduction in
the thermal contact resistance between the wall and capillary wick, both the evaporation/
boiling heat transfer coefficient and the critical heat flux (CHF) demonstrated dramatic

improvements, with heat transfer coefficients up to 245.5 kW/m2K and CHF values in

excess of 367.9 W/cm2, observed. The experimental results indicate that while the
evaporation/boiling heat transfer coefficient, which increases with increasing heat flux, is
only related to the exposed surface area and is not affected by the capillary wick thick-
ness, the CHF for steady-state operation is strongly dependent on the capillary wick
thickness and increases proportionally with increase in the wick thickness. In addition to
these observations, the experimental tests and subsequent analysis have resulted in the
development of a new evaporation/boiling curve for capillary wicking structures, which
provides new physical insights into the unique nature of the evaporation/boiling process
in these capillary wicking structures. Sample structures and fabrication processes, as
well as the test procedures are described in detail and the experimental results and
observations are systematically presented and analyzed. �DOI: 10.1115/1.2349507�

Keywords: experimental study, evaporation, boiling, heat transfer, CHF, thin capillary
wick, thickness effects

1 Introduction

Previous investigations of evaporation/boiling from capillary

wicking structures �1–10� have demonstrated that capillary pump-

ing can be an effective way to passively enhance both the heat

transfer coefficient and the critical heat flux �CHF� in evaporation/

boiling heat transfer. In these structures, the enhanced distribution

of the liquid on the surface, the increase in the effective surface

area, the enhancement of the supply of fluid to the heated area

through capillary pumping, and the change in the nucleation site

size distribution, all result in significant improvements in both

heat transfer performance and the critical heat flux �1�. The ability

to predict the critical heat flux and the evaporation/boiling heat

transfer coefficient of capillary wicking structures is of critical

importance to the application of these structures to two-phase heat

transfer devices, such as heat pipes, loop heat pipes �LHP�, and

capillary pumped loops �CPL�, etc. However, the effective utili-

zation of this capability is strongly dependent on a complete un-

derstanding of the functional relationship between the various pa-

rameters. The recent research on capillary wick performance and

modeling is summarized in Table 1. As shown, Liter and Kaviany

�1� focused on modulated, capillary wick structure development

and successfully improved the CHF by a factor of 3 when com-
pared to the CHF on plane surfaces for pool boiling heat transfer.
The theoretical models developed were also capable of accurately
predicting the CHF. Williams and Harris �3� developed a step-
graded capillary wick structure using stainless steel felt to en-
hance the capillary limit. Hanlon and Ma �8� investigated the liq-
uid film evaporation and capillary wick thickness effects for
sintered copper particle beds, and found that thin film evaporation
on the top surface of the wick is the key factor in the improvement
of the heat transfer efficiency of the capillary wick and that an
optimum thickness exists for a given particle size. Mughal and
Plumb �9� improved the capillary wick performance by machining
channels on a planar porous media surface. Lao and Zhao �10�
studied the evaporation from a channeled, heated wall under an-
tigravity conditions, with glass particle beds of varying sizes, and
observed that nucleate boiling did not stop or retard the capillary
driven flow through the capillary wick structure as previously hy-
pothesized.

In reviewing the recent investigations of evaporation/boiling or
pool boiling from the porous media coated surfaces listed in Table
1, it is apparent that the geometric properties of the structure, such
as the wick thickness, volumetric porosity, and particle size,
should always be carefully considered. However, of equal impor-
tance and not so obvious is the importance of the contact condi-
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Table 1 Summary of previous investigations on evaporation/boiling on porous media coated surface

Author�s�
�reference� �year�

Porous media
�sintered temperature, time�

�specific size, coating
thickness, porosity�

Working
fluid

Heater
size

Dominant heat
transfer

mechanism

Contact
between
capillary
wick and

heated
wall

Heat
transfer

coefficient
range CHF Remarks

Liter and Kaviany
�1� �2001�

Modulated sintered spherical

copper particles �1016°C, 4 h�

�dp=200 �m, 6d–9d, 0.4�

Saturated
pentane

dheater=

5.08 cm

Nucleate
boiling

Sintered 10–24 kW/m2 K
�estimated
from the
paper�

48 W/cm2 Separate liquid and vapor
flow during boiling process;
CHF nearly three times over

that of a plain surface

Williams and
Harris �3� �2003�

Graded planar 316 stainless steel

felt �rcross-plane=35–500 �m and

rin-plane=170–859 �m,

0.43 mm–0.71 mm,0.79–0.85�

Water and
methanol

Not
specified

Evaporation
and boiling

Bonded
by 4
mesh

stainless
steel

screen

2.7–4.6 W/ °C
�water�;

0.9–2.1 W/ °C
�methanol�

N/A Step-graded metal felt
capillary wicks improve the

capillary limit generally;
nucleate boiling and vapor

formation was determined to
be the cause of the failure

Hanlon and Ma
�8��2003�

Planar Sintered spherical copper

particles bed �900°C, 12–45 mins�

�dp=635 �m,

2–6 mm, 0.43�

Water 1�2 cm2 Film
evaporation

Not
specified

5–9 KW/m2 K N/A Evaporation heat transfer in
the sintered capillary wick

structure depends on the thin
film evaporation; optimum
characteristic thickness for

maximum heat removal
exists

Mughal and Plumb
�9� �1996�

Planar and channeled porous

metal foam �rc=230 �m,

3.175–4.762 mm,0.94–0.95�

R11 6.35�7.6 cm2 Evaporation Not
specified

0.25–2.5 kW/m2 K
�estimated
from the
paper�

N/A Interrupted capillary wick
structure enhances heat

transfer capacity

Lao and Zhao
�10��1999�

Spherical glass beads

�rc=275–1280 �m, 80 mm, not
specified�

Water 2.8�9.9 cm2

with four
channels

Evaporation Not
specified

2–7.5 kW/m2 K 12–26.89 W/cm2 Heat flux applied from top
of porous media �anti

gravity flow�; subcooling

20°C–50°C; nucleate boiling
does not stop capillary force

that is from the capillary
wick
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tions between the heated wall and the capillary wick. Further
study indicates that this condition is actually the dominant factor
in the determination of the overall thermal resistance between the
heated wall and the capillary wick, and as a result, to a large
extent, governs the overall behavior of evaporative/boiling heat
transfer and CHF. As indicated in Table 1, Liter and Kaviany �1�
used a sintering process to enhance the contact conditions and as
a result, obtained very high heat transfer coefficients, even for
pentane in pool boiling. Williams and Harris �3� bonded the cap-
illary wicking material, in this case a coarse stainless steel mesh,
onto the heating surface. In the other investigations reviewed and
summarized in Table 1, the techniques employed to control or
augment the contact conditions between the capillary wick and the
heated wall were not specified.

The principal enhancements of the capillary wick structure can
be divided into four categories, those resulting from �1� the reduc-
tion in the heat flux density on the heated wall, due to the fin
effect; �2� the presence of contact points connecting the capillary
wick and the wall, which effectively interrupts the formation of
the vapor film and thereby reduces the critical hydrodynamic
wavelength; �3� the increased nucleation site density and evapo-
ration area; and �4� the improved liquid supply resulting from the
capillary induced flow. In the current investigation, an optimum
sintering process was developed and employed to minimize the
contact thermal resistance between the individual layers of copper
mesh, as well as between the copper mesh and the heated wall. All
of the experimental results presented herein utilized an identical,
optimized sintering process.

Although capillary wicks have been studied extensively, the
effect of thickness has not been adequately addressed. Classical
nucleate boiling theory indicates that the bubble departure diam-

eter for a heated wall is on the order of 1 mm �12�, and hence, in
the current investigation, the range of thickness investigated is

limited to 0.21 to 0.82 mm, which is much smaller than the

bubble departure diameter, Dd. Given these conditions, it is rea-
sonable to assume that no bubbles will depart from the heated
surface and that there will be no bubble flow inside the capillary
wicking structure.

The elimination of bubble departure results in two principal

advantages: first, the bubble generation frequency f =1/ �tw+ td� is

significantly increased without increasing the time required for the

bubbles to depart, td; and second, there is no reduction in the
liquid supply, due to the presence of bubbles trapped within the
porous media. Based upon this analysis, it was hypothesized that
the heat transfer from capillary wicking structures, with thick-

nesses less than the bubble departure diameter, Dd, could lead to
significant overall enhancements.

Our objectives in the current investigation are to experimentally
verify this hypothesis and determine how the thickness of the
capillary wick affects the evaporation/boiling heat transfer char-
acteristics, performance, and CHF for these structures. In the cur-
rent investigation, thin capillary wicking structures, fabricated
from sintered isotropic copper mesh, are utilized. As illustrated in
Fig. 1�a� and 1�b�, respectively, two kinds of stacking structures
typically occur in multilayer, sintered copper mesh: staggered and
inline. These stacking structures can also impact the evaporation/
boiling heat transport and CHF from these capillary wicking
structures. The staggered structure is more common, easier to pro-
duce, and results in greater performance, due to the increase in the
exposed surface area and the smaller effective pore size.

2 Description of the Test Articles

The structure of the test sample is illustrated in Fig. 2 and
consists of four parts: a single layer of sintered isotropic copper

mesh 8 mm wide and 152.4 mm long; an 8 mm�8 mm square,

multilayered sintered isotropic copper mesh section; a 0.03 mm

thick copper foil; and an 8 mm�8 mm square copper heating

block with a 7.8 mm threaded cylindrical portion. Three holes,

each 4 mm deep and 1 mm in diameter, were drilled into the

Fig. 1 „a… Top view of staggered sintered isotropic copper
mesh; „b… top view of inline stacked sintered isotropic copper
mesh; „c… side view of sintered isotropic copper mesh. SEM
image of sintered isotropic copper mesh with 1509 m−1

„145 in.−1…, 56 �m „0.0022 in. … wire diameter, and fabricated at a
sintering temperature of 1030°C with gas mixture protection
„75% N2 and 25% H2… for two hours.
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center of the copper bar at 10 mm intervals. The Special Limit of
Error �SLE� K-type thermocouples were soldered into each hole.
Using the temperature difference between thermocouples TC1 and
2, and TC2 and 3, and the thermal conductivity of the pure copper
heating section, the steady-state 1-D axial heat flux could be cal-
culated and, hence, the steady-state heat dissipation resulting from
the evaporation/boiling from the sintered copper mesh surface
could be determined with a high degree of accuracy. The thermo-
couple closest to the top surface, TC1, was located at a distance of

0.5 mm from the surface and when coupled with the axial heat
flux, was used to estimate the surface temperature of the copper
heating block.

Fabrication of the test article was accomplished in three steps:
first, the required number of layers of isotropic copper mesh were
sintered together to obtain the desired volumetric porosity and
thickness; second, the sintered capillary wick structure was care-

fully cut into an 8 mm by 8 mm square and covered by a single

layer, 8 mm wide and 152.4 mm long; and third, the sintered cop-
per mesh pieces were sintered together and directly onto the cop-
per heating block. In the third step, a stainless steel fixture was
used to accurately position each part during the final sintering

process. The layer of 0.03 mm thick copper foil was used to pro-
tect the porous surface from filling with sealant during assembly
and insertion into the test facility. The finished test article is
shown in Fig. 3.

The sintering process employed to fabricate the test articles was
designed to reduce the effects of the thermal contact resistance
between the capillary wick material and the top surface of the
heating block. To determine the effectiveness of this process, the
temperature drop for a number of combinations of sintering tem-
peratures, time durations, and shielding gas mixtures were evalu-

ated. A sintering temperature of 1030°C in a gas mixture consist-
ing of 75% argon and 25% hydrogen for a time of two hours, was
found to provide the optimal conditions for reducing the contact

resistance between the sintered mesh and the top surface of the
solid copper heating bar. To demonstrate the efficiency of this
process, the temperature distribution and resulting thermal con-
ductance of a single, solid copper test article and one that had two
separate copper pieces sintered together were evaluated and com-
pared. The results of this comparison are illustrated in Fig. 4. As
shown, the measured thermal contact conductance and thermal
conductivities for these two configurations are nearly identical.

Five different test articles were evaluated to determine how the
capillary wick thickness affects the evaporation/boiling heat trans-
fer coefficient and the CHF for thin capillary wicking structures.
Specifications of the test articles are listed in Table 2, where the
test article designation describes the specific characteristics for
each. For example, E145-2 denotes a test sample for evaporation,

fabricated from 2 layers of 5709 m−1 �145 in.−1� copper mesh.

3 Experimental Test Facility and Procedure

The experimental test facility is shown in Fig. 5 and consists of
a heated aluminum chamber, a reservoir for the distilled water
supply, a heating system, and a data acquisition system. Three
thermocouples �TC4, 5, and 6� were used to monitor the water
temperature in the aluminum chamber throughout the test proce-

dure. A 300 W electrical resistance heater was used to provide
power to the heated surface. In addition, two electric heaters were
used to maintain the saturation conditions in the test chamber. A
Pyrex glass cover on top of the chamber enabled the heated sur-
face to be observed. This glass cover was heated to prevent con-
densation and the possibility of drops of condensate falling onto
the evaporation/boiling surface during the test procedure.

During the test procedure, distilled water, which had been pro-
cessed to eliminate dissolved gases, flowed from the reservoir into
the test chamber and maintained the water at a predetermined
level using an overflow system. Care was taken to ensure that the
heat transfer occurred only via evaporation/boiling or pool boil-
ing, depending upon the specific test. During the tests, all sur-

Fig. 2 Schematic of the test sample and thermocouple
locations

Fig. 3 Illustration of a typical test article

Fig. 4 A comparison of the thermal conductivities of two solid
copper bars that were sintered together and a single solid cop-
per bar

Table 2 Specification of the test samples

Sample # Thickness �mm� Porosity Wirediameter��m�

E145-2 0.21 0.737 56
E145-4 0.37 0.693 56
E145-6 0.57 0.701 56
E145-8 0.74 0.698 56
E145-9 0.82 0.696 56

Journal of Heat Transfer DECEMBER 2006, Vol. 128 / 1315



faces, with the exception of the evaporation/boiling surface of the
test articles, were well insulated using a combination of ceramic
and glass fiber insulation materials.

Prior to the recording of any test data, all dissolved gases were
removed from the distilled water and the test facility was allowed
to reach the steady state, defined as the point at which the tem-

perature reading for any thermocouple varied by less than 0.1°C
over a period of ten minutes. The steady-state experimental data
were averaged over a period of five minutes and recorded for each
power level and then the power was incremented and the process
repeated until the capillary structure had reached complete dry-
out.

4 System Calibration

The experimental test facility was calibrated prior to the initia-
tion of the test program by measuring the pool boiling character-
istics of a smooth flat surface. The experimental results were com-
pared with both the experimental and analytical data available in
the literature. Figure 6 and Table 3 present a comparison of the
data obtained using the current facility and that obtained by Au-

racher et al. �11� for pool boiling from a copper surface, 35 mm in
diameter. In addition, results from several other investigations on
CHF and pool boiling from flat, smooth surfaces are presented
and compared �12�. As illustrated, the data obtained in the current
investigation are slightly higher than the experimental data and
the analytical predictions of several of the other investigators, but
correlate quite well overall. The variation between the current data

and that reported previously is all within ±10%. The observed
variations may be caused by the relative roughness and surface
finish conditions, coupled with the small size of the heater

�8 mm�8 mm�, which is larger than the capillary length of

2.504, but much smaller than the Taylor wavelength of 15.7 mm

for water at 100°C. The results, however, confirm that the current
facility can be used to provide highly repeatable data, which is
demonstrated in Fig. 6 by two sets of pool boiling curves, and in
Figs. 1�a� and 1�b� in Ref. �14� by several sets of test data from
one sample, and accurate estimations of the CHF and evaporation/
boiling heat transfer coefficient.

5 Data Reduction

All the test data were categorized using three key parameters

calculated from Eqs. �1�–�3�, respectively: the super heat, TW

-Tsat; the heat flux, q� �including the CHF�; and the evaporation/

boiling heat transfer coefficient, heff.

TW − Tsat = TTC1 − �TTC4 + TTC5 + TTC6�/3 − q�tSTC1/Kcu, �1�

q� = Kcu�TTC2 − TTC1�/thole, �2�

heff = q�/�TW − Tsat� . �3�

In Eq. �1�, Tsat= �TTC4+TTC5+TTC6� /3 and TW=TTC1

−q�tSTC1 /Kcu. Here the terms TTC1, TTC2, and TTC3 represent the
temperature for the three K-type thermocouples used to monitor

the temperature in the copper heater, at 10 mm intervals. Data

from TTC4, TTC5, and TTC6 represent the water temperature in the

Fig. 5 Schematic of the test facility

Fig. 6 A comparison of pool boiling data obtained in the cur-
rent test facility from smooth flat copper surfaces with those
obtained by Auracher et al. „2003…, and predictions from mod-
els of Zuber „1959…, Moissis and Berenson „1962…, and Lienhard
and Dhir „1973…

Table 3 A comparison of CHF

Auracher et al. �11� �Test data� 139 W/cm2

Zuber �12� �model� 110.8 W/cm2

Moissis and Berenson �12� �model� 152.4 W/cm2

Lienhard and Dhir �12� �model� 126.9 W/cm2

Present data �test data� 149.7 W/cm2
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test chamber. Using the measured temperature, TTC1, and the

known thermal conductivity, Kcu, the temperature at the bottom of

the capillary wick structure, TW, can be derived; and using TTC1

and TTC2, the heat flux, q�, dissipated through evaporation/boiling
under steady-state conditions can be determined. With these two
values, the effective heat transfer coefficient can be estimated by
Eq. �3�.

The uncertainties of the temperature measurements, the length

�or width� and the mass are ±0.5°C, 0.01 mm, and 0.1 mg, re-
spectively. A Monte Carlo error of propagation simulation indi-
cated the following 95% confidence level for the computed re-

sults: the heat flux was less than ±5.5 W/cm2; the heat transfer

coefficient was less than ±20%; the superheat �Twall-Tsat� was less

than ±1.3°C, and the porosity, �, was less than ±1.5%.

6 Results and Discussion

The experiments were conducted at atmospheric pressure with
degassed, distilled water. All surfaces were carefully cleaned us-

ing Duraclean™ 1075 prior to each test sequence to assure the
identical surface wetting characteristics. Typical test results are
summarized in Figs. 7–9 and the results are presented in terms of
the heat flux, superheat, CHF, and heat transfer coefficient. In this
investigation, the volumetric porosities and pore sizes of all the
samples were held constant throughout all of the tests and all data
were obtained under steady-state conditions.

6.1 Contact Conditions between Heater and Capillary
Wick Structure. From the literature review, it is apparent that the
contact conditions at the heated wall-capillary wick interface have
been neglected in most of the previous investigations. This is im-
portant to note since the contact conditions are a critical factor and

can significantly improve the evaporation/boiling heat transport in
the capillary wick and, in turn, significantly enhance the CHF. As
mentioned previously, the principal functions of the capillary wick
structure can be divided into four categories: those resulting from
�1� the reduction in the heat flux density on the heated wall due to
the fin effect; �2� the presence of the contact points connecting the

Fig. 7 „a… Heat flux as a function of super heat †TW-Tsat‡; „b…
Heat transfer coefficient as a function of heat flux

Fig. 8 „a… Heat flux as a function of superheat †TW-Tsat‡; „b…
heat transfer coefficient as a function of heat flux

Fig. 9 CHF as function of thickness of sintered isotropic cop-
per mesh

Journal of Heat Transfer DECEMBER 2006, Vol. 128 / 1317



capillary wick and wall, which interrupts the formation of the
vapor film or reduces the critical hydrodynamic wavelength; �3�
the increased nucleation site density and evaporation area; and �4�
the improved liquid supply resulting from the capillary induced
flow.

In the evaporation/boiling from capillary wicking structures, a
majority of the heat is conducted from the solid wall to the cap-
illary wick, where it is then dissipated via evaporation/boiling
from the exposed hot surfaces. If the capillary wicking structure is
not sintered or not attached directly to the solid surface, a thin
liquid film may exist. This film will significantly increase the ther-
mal resistance between the layers of the wick or between the solid
heated wall and the capillary wick. As a result, thermal energy
will be accumulated at the heated wall and cause relatively higher
wall temperatures. This will, in turn, result in a significant reduc-
tion in both the heat transfer performance and the CHF.

In order to maximize and properly evaluate the evaporation/
boiling heat transfer performance from the capillary wicks, and,
moreover, to maintain evaporation/boiling instead of thin film
boiling on the heated wall, it is essential to ensure good contact
conditions between the heater and the capillary wicking structure.
Figures 7�a� and 7�b� present three sets of data and illustrate how
important this contact is, and how significant the differences re-
sulting from variations in the contact conditions can be. The first
set of data was obtained in the current investigation using test
article E145-8, which was sintered directly onto the top surface of
the heated wall using the sintering procedure described previ-
ously. These data are compared with data obtained for a sample in
which the sintered capillary structure was bonded to the heating
surface by a thermal epoxy �ATI Electro-Grease 8501� and with
pool boiling data obtained from a plain flat surface. As illustrated
in Figs. 7�a� and 7�b�, the dissipated heat flux and the resulting
heat transfer coefficient from E145-9 are both significantly lower
than those obtained from E145-8 at the same superheat and heat
flux, respectively. In addition and worthy of special note is the
fact that the heat transfer performance of E145-9 is also signifi-
cantly less than that obtained from pool boiling of a plain surface.
This dramatic reduction is due to the increase in the contact ther-
mal resistance, which dominates the temperature difference or the
superheat as defined in this paper �also employed in most other
investigations�, between the sintered capillary wick and the heated
surface in sample E145-9.

6.2 Effects of Capillary Wick Thickness on Evaporation/
Boiling Heat Transfer Performance. Figure 8�a� presents the
heat flux as a function of the superheat, while Fig. 8�b� illustrates
the effective heat transfer coefficient as a function of the heat flux.
As indicated, the increased nucleation site density and the en-
hanced evaporation/boiling surface area, result in a substantially
better performance than pool boiling from a flat surface. Visual
observation indicated that the evaporation and boiling heat trans-
fer occurred simultaneously when the heat flux reached a certain
value, which was observed to vary with the capillary wick thick-
ness. During the tests, small bubbles were observed at low heat
fluxes, and although the two phases coexist in the porous media,
the bubbles or vapor could easily escape from the liquid to the
vapor space immediately adjacent to the capillary wick surface.
For a given volumetric porosity and pore size, the evaporation/
boiling heat transfer coefficient from the sintered copper mesh
clearly indicates a very weak dependence on the capillary wick
thickness. When the mesh number and wire diameter are held
constant, the surface area of the mesh within the test articles will
increase proportionally with respect to the thickness, while the
exposed surface area remains constant. As illustrated in Fig. 8�b�,
prior to reaching CHF the heat transfer coefficients for the various
thicknesses are nearly identical, except for sample E145-2. This
implies that it is the exposed surface, rather than the total surface
area of the mesh within the test articles that dominates the heat
transfer performance in the evaporation/boiling on the capillary
wick. One possible explanation for the lower performance of

E145-2 is that the surface is actually flooded, due to the difficul-
ties associated with accurately controlling the water level in very
thin layers of these capillary structures. This flooding could result
in a different heat transfer mechanism than that which occurs in
thicker capillary wicking structures. With this exception, however,
the test results clearly indicated that the heat transfer performance
on thin capillary wicks is not directly related to the capillary wick
thickness. These results also imply that care should be taken to
control the liquid level for very thin materials in order to develop
accurate evaporation/boiling heat transfer models.

The highest performance was obtained for the 0.21 mm thick
capillary wick at the CHF, however, when the capillary wick is

thicker than 0.37 mm, the maximum heat transfer coefficient is
achieved before the CHF has been reached. This implies that the
capillary pumping is still effective, even when local dry out oc-

curs. The data obtained for the 0.21 mm thick capillary wick are
somewhat different from the other samples tested. The experimen-
tal results also suggest that the capillary wick thickness range for
optimal evaporation/boiling heat transfer performance is from

0.37 mm to the bubble departure diameter, to D, for sintered cop-
per mesh.

6.3 Effects of Capillary Wick Structure Thickness on the
Evaporation/Boiling Characteristics. Figure 8�a� indicates that
the evaporation/boiling inception superheats are significantly re-
duced through capillary wicking, compared with that obtained for
pool boiling on a plain surface. The value of inception wall su-

perheat varies for samples E145-4�8 �14�, which indicates that
this parameter is dependent on wick thickness. Generally the wall
superheat at CHF is less than that of pool boiling on a plain
surface and increases as a function of the thickness of the capil-

lary wick. In addition, when the heat flux is from 0

�250 W/cm2, the variation of the wall temperature superheat

with the heat flux input is approximately 0.04°C/ �W/cm2�, which

would be very important and attractive to applications related to
temperature control systems, where the temperature stability of a
system with relatively large power density changes is important.

For a given surface, the magnitude of the contact angle is ex-
pected to strongly affect the temperature overshoot �13�. And in
the current investigation, hysteresis and wall temperature over-
shoot, were both observed at the beginning of the boiling process
for several tests. These may be due to the flooding of the capillary
wick by the working fluid so that only a relatively small number
of sites are available for nucleation �13�. Bergles and Chyu �13�
indicated that the simplest way of avoiding these problems is to
apply a high heat flux or large temperature difference to initiate
boiling.

6.4 Effects of Capillary Wick Structure Thickness on the
CHF. The CHF for any evaporation/boiling system is determined
by the mechanisms of liquid supply to, and vapor escape from, the
phase change interface. For evaporation/boiling from thin capil-
lary wick surfaces, where the liquid is only supplied by capillary
pressure, the bubbles break up or collapse at the free liquid-vapor
interface, due to local condensation and exposure to a low pres-
sure vapor space and hence, the liquid-vapor counter flow resis-
tance is reduced without bubble flow through the capillary wick.
In addition, the contact points connecting the capillary wick and
wall, interrupt the formation of the vapor film and/or reduce the
critical hydrodynamic wavelength. Thus the CHF for evaporation/
boiling from these porous surfaces is greatly enhanced.

Figure 9 demonstrates the dependence of the CHF on capillary
wick thickness and indicates that increase in the thickness, results
in an increase in the CHF for the range of thickness in this inves-
tigation. For a given heat flux, increase in the thickness results in
an increase in the cross-sectional area available for fluid flow and
a concomitant decrease in the pressure drop of the liquid flowing
through the capillary wick. This explains the CHF increase with
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increasing thickness in certain wick thickness ranges. At the limit,
the data for each thickness indicates that the capillary limit has
been reached, resulting in localized dry out.

7 Conclusions

An experimental study was successfully conducted to evaluate
evaporation/boiling heat transport phenomena and CHF in thin
capillary wicking structures. As expected, the evaporation/boiling
heat transfer coefficient increases with incremental increases in
the power input until a maximum value has been reached. At this
point the evaporation/boiling heat transfer coefficient begins to
decrease, due to partial dry out of the thin capillary wicking struc-
ture, which results in a reduction in the effective area of the heated
surface. These results demonstrate that the capillary induced
pumping, functions effectively, even during partial dry out and
that the capillary limit is one of the mechanisms that governs the
CHF.

The experimental results presented here indicate that the inter-
face thermal contact resistance between the heated wall and the
porous surface plays a critical role in the determination of the
evaporation/boiling heat transfer coefficient and the CHF. For
evaporation/boiling from a thin capillary wick with a thickness

ranging from 0.37 mm to the bubble departure diameter, Db, sig-
nificant enhancement in the heat transfer performance can be
achieved and the CHF dramatically improved. The maximum heat
transfer coefficients and CHF for the sintered multiple layers of
copper mesh evaluated herein, were shown to be as high as

245.5 kW/m2 K and 367.9 W/cm2, respectively. These values are
more than three times those normally obtained for pool boiling
from a smooth, flat surface. In addition, the results of this experi-
mental investigation clearly indicated that evaporation/boiling
heat transfer performance of capillary wicking structures is inde-
pendent of wick thickness, which indicates that only the exposed
surface area contributes to the heat transfer performance, due to
the gravitational effect. The CHF, however, increases with in-

creases in the wick thickness when it is thinner than 1 mm.
Evaporation/boiling inception superheat is found to be greatly

reduced and dependent on wick thickness. Wall superheat is gen-
erally lower than for pool boiling on a plain surface. Hysteresis,
wall temperature overshoot, is also observed at the beginning of
boiling for each test. Power inputs greater than the power required
to initiate boiling, could avoid this problem.

While the data presented here is informative and in many ways
quite conclusive, additional visual observations of the liquid and
vapor phases inside of the capillary wick are necessary in order to
better understand the fundamental physics occurring in the
evaporation/boiling in capillary wicking structures.
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Nomenclature
Dd � Bubble departure diameter �mm�

h � Heat transfer coefficient �W/m2 K�

hfg � Latent heat �kJ/kg�
K � Thermal conductivity �W/mK�
q� � Heat flux �W/cm2�

t � Distance or thickness �mm�
tw � Time required for bubble growth �s�
td � Time required for bubble departure �s�
T � Temperature �K�

TC# � Thermocouple number

Greek symbols

� � Volumetric porosity

� � Surface tension �N/m�

Subscripts

d � Bubble departure condition

l � Liquid phase

v � Vapor phase

w � Wall
sat � Saturation condition
eff � Effective parameter
Cu � Copper

hole � Holes on heater to hold thermocouple
STC1 � Top surface of copper block to TC1
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