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Evaporative Heat Transfer in a Capillary Structure Heated
by a Grooved Block
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Experimental results of capillary-driven heat and mass transfer in a vertical rectangular capillary
porous structure, heated from a grooved block placed on the top, are reported in this paper. The formation
of the liquid-vapor menisci in the vicinity of the downward-facing heated surface provided the capillary-
force for the upflow of water in the porous structure. The temperature distributions in both the heating
block and porous structure, as well as the induced mass flow rate of water, were measured under different
heat flux conditions. The experimental results show that with an increase of the imposed heat flux, the
heat transfer coefficient increases to a maximum value and then decreases afterward. It is also found
that the liquid-vapor interface moved toward the downward-facing heated surface as the imposed heat
flux was increased. The heat transfer mechanisms leading to the maximum heat transfer coefficient and
the critical heat flux are explained based on the visual observation of the phase-change behavior and the
measured temperature distributions within the porous structure. The effects of particle sizes, the inlet
temperature of the subcooled liquid, and the adverse gravity force on the heat transfer characteristics
are also examined.

Nomenclature
Ah = total cross-sectional area, m2

cp = specific heat, W kg"1 k"1

h = heat transfer coefficient of evaporator, W m~2 K"1

hfg = latent heat of fluid, J kg'1
K = permeability of porous structure, m2

&eff = effective thermal conductivity, W m"1 K"1

L = thickness of porous structure, m
m" - mass flow rate, kg m"2 s"1

Q = heat transporting from heating block to porous
structure, W

q" = heat flux, kW m~2

reff = effective radius of porous structure at liquid-vapor
interface, m

T = temperature, K
fp = mean temperature over a cross section in porous

structure, K
Tw = mean temperature of the heating block, K
X, Y = coordinates
A/z = adverse hydrostatic head, m
A/? = pressure drop, Pa/m
AT = superheat of the heating block, K
9 = effective contact angle, rad
v - kinematic viscosity, m2/s
p = density, kg/m3

or = surface tension, N/m

Subscripts
c = critical
e = evaporation
/ = inlet of porous structure
/ = liquid
/v = two-phase zone
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o = outlet of porous structure
p = porous structure
s = saturation
v = vapor
w = heating block

Superscripts
~~ = mean value

= flux

Introduction

R ECENTLY, because of the demand in thermal manage-
ment of advanced space platforms and military space-

crafts as well as the cooling of electrical and electronic de-
vices, a new heat transfer device, so-called capillary pumped
loops (CPL) or loop heat pipes (LHP), has been developed and
tested.1'6 One of the key components in a CPL or a LHP
system is a capillary evaporator. A typical capillary evaporator
consisting of a porous wick and a grooved heating block is
shown in Fig. 1. While heat is added on the top of the porous
structure through the grooved block, the liquid contained in
the porous structure evaporates in the vicinity of the heated
surface. The vapor, produced in the porous structure, flows into
the grooves of the heating block and exits there. This physical
problem is the subject of investigation in this paper.

Problems involving phase-change heat transfer through po-
rous media have been studied extensively in the past because
of their important technological applications.7 However, most
of the previous work have been mainly concerned with forced
or natural convection with phase change in a porous
medium.8'12 Furthermore, most of the problems treated by the
previous investigators have been confined in boiling heat trans-
fer in a porous medium with a bounded heating boundary. For
example, the boiling flow along a vertical heated surface im-
mersed in a porous medium has been analyzed by Parmentier,8
Cheng and Verma,9 and Wang and Beckermann.10 Another typ-
ical problem of boiling heat transfer in porous media in the
literature is a horizontal layer of finite lateral extent that is
heated from below and cooled from above.11'12

By comparison, there are two unique features in the present
problem. First, the heating boundary is a periodically bounded
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Fig. 1 Schematic of the experimental apparatus.

one (with a number of grooves), which permits the vapor leav-
ing the heating boundary. The second feature of this problem
is that the capillary force, developed at the liquid-vapor in-
terface, is the sole driving force of the flow in the porous
medium. A review of the literature reveals that the experi-
mental investigation of capillary-driven heat and mass transfer
in porous media with this particular boundary condition is
scarce, and only a few analyses of the problem have been
carried out.

Demidov and Yatsenko13 numerically investigated the heat
and mass transfer processes during evaporation in a wet cap-
illary structure with a rectangular grooved heated wall. They
formulated the problem based on two important assumptions.
First, they assumed that a superheated vapor zone existed in
the vicinity of the heated wall (the groove tip) while the wick
was saturated by subcooled liquid elsewhere. Based on this
assumption, Darcy's law was applied to the vapor and liquid
zones, respectively. They further assumed that, when the vapor
zone did not exceed the heated surface, there would be a liquid
meniscus near the corners formed by the lateral sides of the
fin of the heating block and the top surface of the porous
structure. On the other hand, when the vapor zone expanded
beyond the surface of the heated wall, this liquid meniscus
would disappear. They presented the patterns of isotherms and
concluded that the critical heat flux was reached when the
expansion of the vapor zone exceeded the area of the heated
surface. Khrustalev and Faghri14 numerically studied the heat
and mass transfer processes around a heated triangular solid
fin penetrating into a wetted porous structure. They also as-
sumed that the heated surface was surrounded by a vapor zone.
They concluded that the critical heat flux for this particular
configuration was reached when the increase of the thermal
resistance between the heated surface of the fin and the liquid
zone with increasing heat flux lead to an extremely high tem-
perature, which is unacceptable in practice; or when the thick-
ness of the vapor zone around the fin tip was equal to the
thickness of the porous structure.

In this paper, an experiment was carried out to study the
capillary-driven heat and mass transfer processes in a vertical
rectangular capillary porous structure, saturated with water and
subjected to a grooved heating boundary at the top. The pur-
pose of this work is to understand the heat and mass transfer
processes in this particular configuration, providing experi-
mental data for future theoretical investigations. In an attempt
to unravel the underlying mechanisms leading to the maximum
heat transfer coefficient and the critical heat flux, we visually
observed the phase-change behavior in the vicinity of the
heated surface and measured the temperature distributions in
the porous structure as well. In addition, we also examined the
effects of the particle sizes, the inlet temperature of the sub-
cooled liquid, and the adverse gravity force on the heat transfer
characteristics.

Theoretical Considerations
To identify the major parameters in the present problem, we

shall first present an approximate analysis of the problem un-
der consideration. Consider a rectangular packed-sphere struc-

ture of height L with a cross sectional area of W X D, which
is heated by a grooved boundary as shown in Fig. 1. The
porous structure is initially submerged in a subcooled water,
whose level is maintained by an adjacent water reservoir.
When the heat flux from the groove boundary is increased
beyond a certain value, vaporization begins to take place near
the heated surface in direct contact with the porous medium.
The vapor produced near the heated surface vents through the
groove. A capillary force is developed at the liquid-vapor in-
terface, which induces an upward flow that raises against the
gravity and the drag force in the porous structure. A two-phase
zone begins to develop near the top of the porous structure. A
one-dimensional approximation of force balance in the vertical
direction yields

Apc = A/?/ + Ap/v + p/gA/z (1)

The first term in the right-hand side of Eq. (1), the pressure
drop caused by the liquid flow in the porous structure Ap,, can
be evaluated by Darcy's law as

Ap, = mfr (2)

where m" is the mass flow rate of fluid, L, is the height of the
subcooled liquid phase zone in the porous structure, K is the
permeability of the porous structure, and *>/ is the kinematic
viscosity of the fluid. The second term Ap/v represents the pres-
sure drop in the two-phase zone, whose explicit expression is
difficult to obtain because it depends on several key param-
eters, including the liquid saturation, the height of the two-
phase zone, and the properties of the porous structure. Fur-
thermore, as will be seen from the visual observation described
later, the two-phase zone varied not only in the vertical direc-
tion, but also in the horizontal direction. For these reasons, we
will not attempt to obtain an explicit expression of Ap/v in this
work. The third term in the right-hand side of Eq. (1), p/gA/z,
represents the adverse gravity, with A/z being the distance from
the top of the porous structure to the liquid level of the work-
ing fluid reservoir (referring to as the adverse hydrostatic
head). The capillary force Apt. in the left-hand side of Eq. (1)
is given by

Apc = 2o- cos 0/reff (3)

where cr is the surface tension, 0 is the effective contact angle,
and reff is the effective pore radius of the porous structure.
Substituting Eqs. (2) and (3) into Eq. (1), and rearranging
yields

m" = (K/v,Li)[(2o- cos 0/reff) - p,gA/z - Apjj (4)

It should be noted that 0, Ap/v, and L/ in Eq. (4) depend on
the value of the liquid saturation.

The overall energy balance for the porous structure requires

q" = m"[hfg + cpl(Ts - cpv(Tvo - Ts)] + £eff (5)
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where Y is the vertical coordinate measured from the bottom
of the porous structure, hfg is the latent heat of vaporization,
&eff is the effective thermal conductivity, Ts is the saturation
temperature, and the subscripts // and vo represent the quan-
tities of the liquid at the inlet and the vapor at the groove,
respectively. The first term of the right-hand side of Eq. (5)
represents the latent heat, whereas the second and the third
term represent the sensible heat below and above the saturation
temperature, respectively. The last term of Eq. (5) represents
the heat loss from the bottom of the porous structure. For the
present study of the glass-water system (described in the next
section), &eff is relatively small in magnitude, and therefore, the
last term is small. In addition, the term cpv(Tvo - Ts) is also
small because the outlet vapor temperature is very close to the
saturated temperature for low to moderate heat fluxes. Neglect-
ing these two terms, Eq. (5) is reduced to

q" ~ m"[hfg + cpl(Ts - r,)

Substituting Eq. (4) into Eq. (6), we obtain

(6)

K /2o- cos 9 _
"/£/ \ reff [hfg + cpl(Ts - Tlt)]

(7)

Note that both K and reff are a function of the particle diameter
dp. Even though the term Ap/v is unknown, Eq. (7) clearly
indicates that for given thermophysical properties of fluid and
solid, the major parameters that influence the present heat and
mass transfer problem are the particle size dpy the height of the
porous structure L, the adverse hydrostatic head A/J, and the
inlet fluid temperature TK. As we shall see, the preceding anal-
ysis is useful in the design of the experimental setup and the
interpretation of experimental data.

Experimental Apparatus and Procedures
The experimental apparatus used in the present investigation

is shown in Fig. 1, which consisted of two major parts: the
liquid supply system and the test section. As shown in Fig. 1,
the liquid supply system consisted of a water tank, a water-
level controller, and an overflow container. The deionized wa-
ter draining from the water tank was bifurcated into two
streams in the water-level controller: one stream was directed
toward the test section while the remainder was directed to-
ward the overflow container. As such, the water level in the
water-level controller could be kept constant during the ex-
periments. The adverse hydrostatic head A/* (the distance be-
tween the top of the porous structure and the water level) was
controlled by adjusting the elevation of the platform lifter, on
which the water-level controller was placed. An RTD control-
ler with a 1.5-kW heater was installed to keep the fluid tem-
perature in the water-level controller to a desired value. Both
the water tank and the overflow container were placed on a
digital scale such that the mass flow rate flowing to the test
section could be measured by reading the mass change per
unit time.

A schematic of a rectangular test section is illustrated in Fig.
2. The vertically oriented test section was packed with glass
beads. It consisted of four vertical walls: three Teflon® plates
located in both the lateral and back sides, and a transparent
plate (made of Pyrex®) located in the front side. The phase-
change behavior within the porous structure could be observed
via the transparent front plate. A perforated plate was installed
at the bottom of the test section to hold the glass beads in
place during the experiments. The height of the porous struc-
ture (Y direction) was adjusted by changing the location of the
perforated plate, whereas the other two dimensions of the po-
rous structure were fixed at 99 mm in width (X direction) and
28 mm in depth (perpendicular to the X- Y plane). A grooved
copper block (shown in Fig. 3) with a stainless-steel film (0.1
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Fig. 2 Schematic of the test section.
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Fig. 3 Arrangement and the locations of thermocouples.

mm in thickness) serving as a heater, a mica sheet serving as
an electrical insulator, and a Teflon cover plate serving as a
heat insulator on the top, was placed on the top of the porous
structure. This heating unit was carefully mounted on the top
of the porous structure such that the grooved block fins were
in good contact with the porous medium. Owing to the cap-
illary force generated at the liquid-vapor interface near the
heated surface, the subcooled liquid was induced to enter the
test section from its bottom and flowed upward by overcoming
the gravity and drag forces in the porous medium. Vapor, pro-
duced near the heated surface, vented into the grooves and
exited to the ambient via the vapor tube. The inlet temperature
of fluid was well controlled by an RTD temperature controller
with two 50-W heaters located in the lower portion of the test
section. Both the top and bottom boundaries of the test section
were insulated using glass fiber wool, whereas the vertical
boundaries were well insulated by a vacuum vessel made of
Plexiglas® plates. The vacuum status was kept by a vacuum
pump during the experiments.

The locations of various thermocouples are shown in Fig.
3. Four T-type thermocouples, 0.8 mm in diameter, were used
to measure the temperatures of the heating block, whereas 18
T-type thermocouples, 0.8 mm in diameter, were inserted in
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the porous media for measuring temperature distributions in
the porous structure. A data-acquisition system, consisting of
a personal computer, an A/D converter board (MetraByte
DAS-20), and two universal analog input multiplexers
(MetraByte EXP-20), was employed to record the temperature
measurements.

In the present study, the heat transfer coefficient is defined
as

h = Q/Ah(Tw - Ts) (8)

where Q is the heating power, and Ah denotes the heating sur-
face areaL i.e., the cross-sectional area of the cooper block. In
Eq. (8), Tw is the mean temperature of heating block that was
obtained by averaging the readings of the thermocouples lo-
cated along the top of grooved block (I-I), as illustrated in
Fig. 3.

To stabilize the boiling conditions and degas the air from
the porous structure, prior to each experiment, the water level
of the water-level controller was adjusted slightly to the top
of the porous structure and a moderate heat flux was provided
to keep at boiling temperature at the top of porous structure
for 2 h. Then, the water level was adjusted to the required
elevation. For each test case, it took about y to 1 h for the
system to be stabilized. The experimental data were collected
under steady-state conditions.

The three physical parameters measured during the experi-
ments were the temperatures of the heating block and the po-
rous medium, the mass flux of water, as well as the imposed
heating load. The thermocouples were calibrated to ensure the
accuracy within ±0.2°C. It was estimated that the uncertainty
of the mass flux was ±0.4%, whereas the uncertainty of the
imposed heat loading was ±8.5%, which was primarily caused
by the heat loss. Using the uncertainty estimation method of
Kline and McClintock,15 it was estimated that the uncertainty
of the heat transfer coefficient was 11.7%.

Results and Discussion
In the present study, four different sizes of spherical glass

beads, including 0.50-0.60 mm, 1.00-1.18 mm, 1.98-2.00
mm, and 2.36-2.75 mm, were tested. The averaged diameters
of each size (such as dp = 0.55, 1.09, 1.99, and 2.56 mm) are
used to label curves in a subsequent discussion. The same heat-
ing block was used for all of the tests. Experiments were car-
ried out by increasing the heat flux from 7 to 370 kW/m2 for
two different heights of the porous structure (80 and 35 mm);
three different inlet temperatures (50, 70, and 80°C); and three
adverse hydrostatic heads (5.0, 30.0, and 50.0 mm), respec-
tively. In the following, we first present our general observa-
tions to the problem under consideration. We then examine and
discuss the effects of various parameters, such as particle di-
ameters dp9 the height of the porous structure L, the inlet tem-
perature of fluid Tlh and the adverse hydrostatic head A/i, on
the heat transfer characteristics.

General Observations
A typical variation of the heat transfer coefficient, as defined

in Eq. (8), vs the imposed heat flux for AA = 5 mm and Tu =
80°C, is presented in Fig. 4, where the letter labels represent
the corresponding phase-change behavior illustrated in Fig. 5.
It is shown that with an increase of heat flux, the heat transfer
coefficient increases to a maximum value and then decreases
afterward. This interesting phenomenon can be explained
based on our observations of the phase-change behavior oc-
curring in the vicinity of the heated surface. A typical sequence
of the events are sketched in Fig. 5. At a certain value of the
imposed heat flux, e.g., at point a in Fig. 4, nucleate boiling
took place at the heated surface of the block. As a result, a
number of small dispersed bubbles were continuously gener-
ated in the porous medium below the heated surface, as shown
in Fig. 5a. Part of these bubbles migrated downward in the
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Fig. 4 Variation of the heat transfer coefficient vs the imposed
heat flux (where C represents the critical heat flux point).

porous structure as a result of higher vapor pressure adjacent
to the heated surface. Some of these bubbles were condensed
into liquid in the low-temperature zone, whereas the reminder
were vented into the vapor groove. As the imposed heat flux
was increased further, both the number of bubbles and the
frequency of bubble collisions were increased. As a conse-
quence, a coalesced bubble formed below the heated fin, which
grew, and eventually spurted into the vapor grooves from the
lateral sides of the heated fin by high-pressure pulses. Subse-
quently, the liquid was replenished to the heated surface, again
owing to the capillary action, and another cycle of bubble gen-
eration, coalesce, and collapse began. It was observed that such
a cyclic process of bubble collapse and liquid replenishment
occurred at a very high frequency. Under the condition of con-
stant heat flux, this coalesced bubble below the heated surface
was virtually a bubble and liquid coexisting zone, i.e., a two-
phase region, as depicted in Fig. 5b (corresponding to point b
in Fig. 4). It is important to note that as the heat flux was
increased, this two-phase zone expanded laterally, but at the
same time shrank vertically, as shown in Figs. 5c-5e (corre-
sponding to points c to e in Fig. 4). The reduction in the depth
of the two-phase zone can be explained as follows: as indicated
in Eq. (6), the induced mass flux of the working fluid was
increased with the increase of the heat flux. Thus, more sub-
cooled liquid was moving toward the heated surface. As a
result, more bubbles in the two-phase zone were condensed
into liquid; therefore, the depth of the two-phase zone was
reduced. It was found that heat transfer coefficient under the
conditions shown in Figs. 5a-5e was increased with increasing
heat flux because of the increased cyclic frequency. However,
when the imposed heat flux was further increased, the bubbles
below the heated surface disappeared and the lateral surfaces
of the fin became dry. In this case, only a dry vapor film
existed at the interface between the heated surface and the
porous structure, as shown in Fig. 5f (corresponding to point
f in Fig. 4). Under this situation, heat was transferred to the
evaporating front within the porous structure via the vapor
film. The lower thermal conductivity of the vapor film led to
a smaller heat transfer rate. This is why the heat transfer co-
efficient shown in Fig. 4 begins to drop beyond a certain value
of heat flux. It should be noted that after heat transfer coeffi-
cient reached a maximum value, its value was reduced grad-
ually instead of a sharp drop with increasing heat flux. This is
because the vapor film existed only below the heated surface
in contact with the porous medium, whereas the heat transfer
rate in the remainder of the surface of the porous structure was
still high. However, when the imposed heat flux was further
increased to a critical value, i.e., when the vapor film extended
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Fig. 5 Observations to the phase-change events below the heated surface when the heat flux was increased.

laterally and eventually covered the entire top surface of the
porous structure. Under this situation, the wall and outlet tem-
peratures increased drastically and the steady state could not
be maintained. During the experiments, we observed that when
the heat flux was increased from q" = 268.9 to 274.3 kW/m2

(an increase of only 1.9%), the wall and outlet vapor temper-
atures increased exponentially with time. Therefore, the value
of q" - 268.9 kW/m2 can be regarded as the critical heat flux
under this particular condition, as labeled as point C in Fig. 4.
It should be mentioned that in some of the subsequent figures,
the label C refers to the critical heat flux point under various
conditions.

The variations of the temperatures in the porous structure
along the vertical direction (Y axis) at three different horizontal
locations (X = —11, 0, and 11 mm, as shown in Fig. 3), for
the inlet liquid temperature of 50°C and the adverse hydrostatic
head A/z = 5 mm, are presented in Fig. 6. It is seen that the
temperatures at any horizontal locations (X = —11, 0, or 11
mm), under the condition of a lower heat flux (q" = 39.6 kW/
m2), represented by dashed curves, increased along the Y axis
from the bottom at the inlet temperature (50°C) to the top of
the porous structure, where it was heated by the grooved cop-
per block. A comparison of the temperatures at different hor-
izontal locations shows that the temperatures at X = 0 mm are
higher than those at X = — 11 and 11 mm along the Y axis,
whereas the temperatures at X = — 11 and 11 mm were quite
close to each other. This is because the thermocouples at X =
0 were located just below the heated surface, whereas the ther-
mocouples at X = —11 and 11 mm were located below the
grooves (see Fig. 3). As the imposed heat flux is increased to
q" = 268.9 kW/m2, however, the temperature variations (rep-
resented by the solid curves in Fig. 6) along the Y axis in the
lower portion of the porous structure became relatively small,
but in the upper portion, the temperature variation became ex-
tremely steep. This is because at a low heat flux only a small
amount of water evaporated at the top of the porous structure
and the induced mass flow rate of the working fluid was rel-
atively small. Thus, the heat convection caused by the corre-
sponding movement of the working fluid was relatively small
for this case. However, as the heat flux was increased, more
water evaporated and the motion of the water in the porous
medium became much more significant, owing to the capillary-
driven force at the liquid-vapor interface. Under this situation,
convection became more pronounced. Therefore, the temper-
atures increased relatively slowly in the lower portion of the
porous wick evaporator as a result of the cooling effect of the
subcooled liquid entering the structure from the bottom,
whereas it increased more rapidly in the upper portion of the
porous structure because of the heating effect from the top of
the structure. This result is in agreement with the our visual
observation on the movement of the liquid-vapor interface,
i.e., the two-phase zone was reduced with increasing the heat
flux. It is also worth noting that the temperature differences
between different horizontal locations became smaller at a
higher heat flux (solid lines).

The variations of the cross-sectional mean temperature along
the Y axis at various heat fluxes are illustrated in Fig. 7. It is
interesting to note that the cross-sectional mean temperature at
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Fig. 6 Variations of temperatures along Y axis at X = — 11, 0,
and 11 mm for different heat fluxes.
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Fig. 7 Effect of the heat flux on the cross-sectional mean tem-
perature variations along Y axis.

each row decreased with the increase of the heat flux. This is
one of the unique features of the capillary-driven heat transfer
process under consideration. As indicated in Eq. (6), the mass
flow rate is coupled with the heat flux. A higher heat flux leads
to a higher mass flow rate. Therefore, more subcooled liquid
entered the porous structure and cooled the majority portion
of the porous structure, except near the top. The temperatures
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measured by the thermocouples in the top row (3 mm away
from the heated surface, as seen in Fig. 3) were always lower
than the saturation temperature of fluid (100°C) in all the tests.
This indicates that a dry vapor region corresponding to the
critical heat flux must have occurred above this level. These
phenomena are consistent with our visual observation, as dis-
cussed earlier.

Effect of Particle Sizes
The effect of the particle sizes on the heat transfer coeffi-

cient for A/z = 30 mm and L = 35 mm is presented in Fig. 8.
It is seen under this particular condition, both the maximum
heat transfer coefficient and the critical heat flux (represented
by the symbol C) increased substantially as the particle di-
ameter was decreased from dp = 1.99 mm to dp = 1.09 mm.
This is because the capillary force generated at the interface
of the heated surface and the porous structure is increased with
the decrease of the particle diameters. A larger capillary force
induced more liquid toward the interface of the heated surface
and the porous structure, thus enhancing heat transfer. How-
ever, as the particle diameter was further reduced to 0.55 mm,
the critical heat flux increased, even though the heat transfer
coefficient was reduced. The primary reason leading to the
reduction of the heat transfer coefficient was that the perme-
ability was very small as the particle diameter became too
small. Therefore, the mass flow rate was reduced, implying
that only a small amount of liquid could be provided to the
interface of the heated surface and the porous structure. The
reason that the critical heat flux was increased with decreasing
particle sizes was because the capillary force was inversely
proportional to the particle size, as indicated in Eq. (3). The
porous structure packed with small-diameter beads provided a
larger capability of liquid replenishment at the heated surface.
Therefore, the small particle size had a higher critical heat flux.
It should be pointed out that when the adverse hydrostatic head
is reduced to a small value, the effect of the particle diameters
will become insignificant because the capillary force plays less
of a role in this situation. This was observed in our experi-
ments when the adverse hydrostatic head was reduced to 5
mm.

From the experimental data, we also found that the depth of
the two-phase zone was reduced as the particle diameter was
reduced from dp = 1.99, 1.09-0.55 mm. These observations
were consistent with the temperature measurements, as shown
in Fig. 9. It is seen from Fig. 9 that the cross-sectional mean
temperatures near the top region decreased with the decrease
of the particle diameter, indicating that the depth of the two-
phase zone became smaller.

I

4500

3500

2500

1500
100 200 300

" (kW/m2)

Fig. 8 Effect of the particle sizes on the heat transfer coefficient
at different adverse hydrostatic heads A/z (where C represents the
critical heat flux point).
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Fig. 9 Effect of the particle diameters on the cross-sectional
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Fig. 10 Effect of the height of the porous structure on the heat
transfer coefficient (where C represents the critical heat flux
point).

Effect of the Height of the Porous Structure
Figure 10 shows the variation of the heat transfer coefficient

for different heights of the porous structure for the same size
of particles (dp - 1.09 mm) and the same adverse hydrostatic
head (A/z = 30 mm). It is seen that the critical heat flux for
the thinner porous structure (L = 35 mm) is higher than that
of the thicker one (L = 80 mm), even though the maximum
heat transfer coefficients remain more or less the same. This
is because the same capillary force, generated by the same
particle size, has to overcome a larger drag force for a thicker
porous structure, leading to a decrease of the mass flow rate,
and thus, to a decrease in the critical heat flux. Therefore, it
can be concluded that a thinner porous structure gave a higher
critical heat flux. However, the height of the porous structure
has a small effect on the maximum value of the heat transfer
coefficient.

Effect of the Inlet Temperature
The effect of the inlet temperature on the heat transfer co-

efficient for the same porous structure with the same particle
size at the adverse hydrostatic head A/z = 30 mm is illustrated
in Fig. 11. It is noted from Fig. 11 that both the heat transfer
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coefficient and the critical heat flux were substantially in-
creased as the inlet temperature was increased from 50°C to
80°C. The increase of the heat transfer coefficient caused by
the increase of the inlet temperature can be explained by the
cross-sectional mean temperature distribution shown in Fig.
12. It is seen from this figure that with the same heat flux the
temperature near the top was reduced (comparing the solid and
the dashed curves) as the inlet temperature was reduced, im-
plying that the two-phase zone increases for a higher inlet
temperature. A larger two-phase zone means a larger evapo-
ration surface; therefore, the heat transfer is enhanced. During
the experiments, we also found that when the adverse hydro-
static head was reduced to 5 mm, the effect of the inlet tem-
perature became weaker. This is because as the adverse hy-
drostatic head is reduced, more liquid is available to supply
the two-phase zone and the increase of the two-phase zone
resulting from the increase of the inlet temperature will lead
to a higher heat transfer coefficient.

Effect of the Adverse Hydrostatic Head
The effect of the adverse hydrostatic head on the heat trans-

fer coefficient for the same thickness of the porous structure
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Fig. 13 Effect of the adverse hydrostatic head A/I on the heat
transfer coefficient for different particle diameters (where C rep-
resents the critical heat flux point).
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Fig. 11 Effect of the inlet temperature on the heat transfer co-
efficient at A/I = 5 and 30 mm (where C represents the critical
heat flux point).
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Fig. 12 Effect of the inlet temperature on the cross-sectional
mean temperature profiles along Y axis for different heat fluxes.
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Fig. 14 Effect of the adverse hydrostatic head on the cross-sec-
tional mean temperature profiles along Y axis for different heat
fluxes.

(L = 80 mm) with the same particle size (dp = 1.09 mm) and
at the same inlet temperature (Tti = 50°C) is shown in Fig. 13.
It is seen that both the heat transfer coefficient and the critical
heat flux were increased with the decrease of the adverse hy-
drostatic head from 50 to 5 mm. This is because more liquid
is supplied to the heated surface for a smaller adverse hydro-
static head. For the same reason, as shown in Fig. 14, the
cross-sectional mean temperature near the top of the porous
structure is increased with the increase of the adverse hydro-
static head, indicating that the two-phase zone for a higher
adverse hydrostatic head is larger.

Conclusions
In this paper, we have presented the experimental results on

evaporative heat transfer characteristics in a rectangular cap-
illary porous structure heated by a grooved copper block at
the top. Based on the experimental data, the following conclu-
sions may be drawn from this study:

1) With the increase of the imposed heat flux, the heat trans-
fer coefficient increases to a maximum value and then
decreases afterward.
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2) As the imposed heat flux is increased, the liquid-vapor
interface moves toward the heated surface. The critical heat
flux is reached when the vapor film expands to cover the whole
area of the heated surface. Under this situation, both the wall
and the outlet temperatures would increase sharply with the
advance of time.

3) For large adverse hydrostatic heads, there exists an op-
timum particle size for the maximum heat transfer coefficient.
The critical heat flux is shown to increase with the decrease
of particle sizes. For small adverse hydrostatic heads, however,
the influence of the particle size on both the heat transfer co-
efficient and the critical heat flux becomes less significant.

4) The height of the porous structure is shown to have a.
large effect on the critical heat flux, but it has a small effect
on the maximum value of the heat transfer coefficient.

5) Both the heat transfer coefficient and the critical heat flux
increase with the increase of the inlet fluid temperature.

6) The adverse hydrostatic head has a substantial effect on
both the heat transfer coefficient and the critical heat flux. A
lower adverse hydrostatic head gives a higher heat transfer
coefficient and a higher critical heat flux.
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