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This work shows numerical results for a jet impinging against a flat plane covered with a

layer of a porous material, which is maintained at a higher temperature than the incoming

fluid. Parameters such as permeability and thickness of the porous layer and thermal conduc-

tivity ration are varied in order to analyze their effects on the local distribution of Nu. The

macroscopic equations for mass, momentum, and energy are obtained based on a volume-

average concept. The numerical technique employed for discretizing the governing equations

was the control volume method with a boundary-fitted nonorthogonal coordinate system. The

SIMPLE algorithm was used to handle the pressure-velocity coupling. Results indicate that

inclusion of a porous layer decreases the peak in Nu avoiding excessive heating or cooling at

the stagnation point. Also found was that the integral heat flux from the wall is enhanced for

certain range of values of layer thickness, porosity, and thermal conductivity ratio.

1. INTRODUCTION

Impinging jets are commonly used in industrial applications with the objective
of obtaining effective heating, cooling, or drying processes. The main advantage of
using impinging jets is the possibility to obtain highly localized mass and heat trans-
fer rates due to thin boundary layers inside of the stagnation region. Applications of
such systems include electronics cooling, and glass tempering, metals cooling, and
drying of textiles products and paper.

Published results are mainly concentrated on impinging jets under high mass
flow conditions which reaches an uncovered surface. Pioneering studies considering
two-dimensional impinging jets with low Reynolds number, also onto uncovered flat
walls, are presented in Gardon and Akfirat [1], who experimentally obtained local
and averaged heat transfer coefficients. Sparrow and Wong [2] made use of the
well-known heat and mass transfer analogy and took experimental data on local
mass transfer for a two-dimensional impinging jet. Results were then converted to heat
transfer using the mentioned technique. Chen et al. [3] experimentally and numeri-
cally analyzed mass and heat transfer induced by a two-dimensional laminar jet.
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Chiriac and Ortega [4] performed numerical simulations in steady and transitory
regime for a two-dimensional jet impinging against a plate with constant tempera-
ture. In recent years, a number of research papers have covered a wide range of
studies in porous media [5–18], including flows parallel to a layer of porous material
[19], across permeable baffles [20, 21], and porous inserts [22]. Investigation on
configurations concerning perpendicular jets into a porous core is much needed
for optimization of heat sinks attached to solid surfaces. However, studies of porous
medium under impinging jets are, unfortunately, very scarce in the literature. An
example found were those given by the numerical simulations of Kim & Kuznetsov
[23], who investigated optimal characteristics of impinging jets into heat sinks. Other
innovative applications of impinging jets, such as fiber hydroentalglement, can also
be found in recent literature [24, 25].

As mentioned, for the specific case investigated here, i.e., an impinging jet over
a covered plate, there are not many results in the open literature; one example being
the work of Prakash et al. (2001a,b) [26, 27]. They obtained a flow visualization of
turbulent jets impinging against a porous medium. Also, Fu and Huang [28] evalu-
ated the thermal performance of different porous layers under an impinging jet, and
Jeng and Tzeng [29] studied the hydrodynamic and thermal performance of a jet
impinging on a metallic foam. Recently, Graminho and de Lemos [30] investigated
the flow structure of a laminar jet impinging on a layer of porous material. In
ref. [30] a laminar version of a mathematical model described in detail by de Lemos
[31], who worked on a macroscopic two-equation model for turbulent flow in porous
media, was applied. Previously, Rocamora and de Lemos [32] added thermal model-
ing for the treatment of a permeable medium, and later, the model described in
ref. [31] was expanded to handle buoyant flows [33, 34] and hybrid media consisting
of both porous and clear regions [35].

The objective of the present contribution is to extend the isothermal
investigation of Graminho and de Lemos [30] to a heat transfer analysis in order

NOMENCLATURE

Ai macroscopic interface area between the

porous region and the clear flow

B jet width

cF Forchheimer coefficient

Da Darcy number, Da ¼ K=H2

H channel height

h porous layer thickness, film coefficient

K permeability

keff effective thermal conductivity

k thermal conductivity

L channel length

Nu Nusselt number

p thermodynamic pressure

qw integral wall heat flux

q/
w integral wall heat flux will porous layer

hpii intrinsic (fluid) average of pressure p

R total drag per unit volume

Re Reynolds number based on the channel

height, Re ¼ qjuDjH=m
Su source term

T temperature

huii intrinsic (fluid) average of u

uD Darcy velocity vector (volume average

over u)¼/huii
x; y Cartesian coordinates

m dynamic viscosity

q density

Subscripts

s; f solid, fluid

w wall

/ related to porous medium

o inlet conditions
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to evaluate under which circumstances the addition of a porous layer made of
thermal conducting material can enhance the overall heat transferred from a flat
surface under an impinging jet. By increasing the contact area between the coolant
and the surface, larger amounts of heat can be extracted subjected to the same
temperature difference. For example, such heat-sink devices are commonly used in
the microcomputer industry to enhance the extraction of heat from ever-smaller
microprocessors. Accordingly, porous metal foams conveniently installed over hot
surfaces can enhance heating=cooling processes due to their high volumetric surface
area (interfacial area per unit volume). Here, laminar flow is calculated based on the
methodology given in refs. [31, 36].

2. PROBLEM DESCRIPTION

The cases here considered are detailed in Figure 1a. A laminar jet with uniform
velocity vo and constant temperature To enters through a gap into a channel with

Figure 1. Cases investigated: (a) Confined impinging jet on a flat plate – clear medium case; and

(b) confined impinging jet on a plate covered with a layer of porous material – porous case.
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height H and length 2L. Fluid impinges normally against the bottom plate yielding a
two-dimensional confined impinging jet configurarion. The width of the inlet nozzle
is B and the bottom plate temperature, T1, is maintained constant and 10 K above
the temperature of the incoming jet, To. In a different configuration, the bottom sur-
face is covered with a porous layer of height h (Figure 1b). In both cases, the flow is
assumed to be two-dimensional, laminar, incompressible, and steady. Also, the
porous medium is taken to be homogeneous, rigid, and inert. Fluid properties are
constant and gravity effects are neglegted.

The boundary conditions for the problem are: 1) constant velocity and tem-
perature profiles of the entering jet; 2) no slip condition on the walls; 3) symmetry
condition in x ¼ 0; and 4) fully developed flow at channel exit (x ¼ L). At the
bottom plate (y ¼ H), constant temperature condition is assumed whereas along
the upper wall, for B=2 < x � L, null heat flux condition prevails.

3. MATHEMATICAL MODELING AND NUMERICS

The mathematical model employed here is described in Graminho and de
Lemos [30] and now includes the energy equation for heat transfer calculations.
Therein, details can be found. As most of the theoretical development is readily
available in the open literature, the governing equations will just be presented and
details about their derivations can be obtained in the referenced articles. Essentially,
local instantaneous equations are volume-averaged using appropriate mathematical
tools [37, 38]. Here, only laminar flow is considered since the Reynolds number
based on the incoming jet velocity is less than 1000. Due to the expansion of the flow
when entering the channel, velocities everywhere will always be lower than that of
the incoming jet. For this reason, it is assumed here that the flow remains laminar
in both the fluid layer and within the porous substrate. Accordingly, for laminar
flow, the equations read as follows.

Macroscopic continuity equation

r � uD ¼ 0 ð1Þ

where uD is the average surface velocity (also known as Darcy velocity). In Eq. (1)
the Dupuit-Forchheimer relationship, uD ¼ /huii, has been used, where / is the
porous medium porosity and huii identifies the intrinsic (fluid phase) average of
the local velocity vector u [37].

Macroscopic momentum equation

qr � uDuD

/
¼ �r/hpii þ mr2uD �

m/
K

uD þ
cF/qffiffiffiffi

K
p juDjuD

� �
ð2Þ

where the last two terms in Eq. (2) represent the Darcy and the Forchheimer terms,
respectively. The symbol K is the porous medium permeability, cF¼ 0.55 is the form
drag coefficient (Forchheimer coefficient), hpii is the intrinsic pressure of the fluid, q
is the fluid density, and m represents the fluid viscosity.

Macroscopic energy equation
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The macroscopic energy equation for laminar flow in porous medium, using
the local thermal equilibrium hypothesis (LTE), has been given in detail in the work
of Rocamora and de Lemos [32] as follows.

ðqcpÞfr � ðuDhTiiÞ ¼ r � fKeff � rhTiig ð3Þ

where hTii and Keff are the average temperature (fluid and solid) and the effective
conductivity tensors, respectively. The effective conductive tensor, Keff , accounts
for all mechanisms contributing to the energy budget, i.e., for laminar flow those
mechanisms are effective conduction (fluid and solid), tortuosity, and thermal dis-
persion due to spatial deviations to temporal fluctuations and spatial deviations.
Keff is then given by

Keff ¼ b/kf þ ð1� /ÞkscIþ Ktor þ Kdisp ð4Þ

where Ktor and Kdisp are defined such that [39, 40]
Tortuosity

1

DV

Z
Ai

nðkf Tf � ksTsÞdS

� �
¼ Ktor � rhTii ð5Þ

Thermal dispersion

�ðqcpÞf ð/h
iuuiTf iiÞ ¼ Kdisp � rhTii ð6Þ

A complete review of Eq. (3) is beyond the scope of the present text and details of
their derivation can be found in the reference mentioned above and in ref. [39]. Here,
it is sufficient to say that the mechanism of dispersion comes from decomposing in
space the convection term, and then volume-averaging it, giving [40]

ðqcpÞfr � ð/huTiiÞ ¼ ðqcpÞfr �
�

/

�
huiihTf ii|fflfflfflfflffl{zfflfflfflfflffl}
convection

þhi�uuiTf ii|fflfflfflffl{zfflfflfflffl}
dispersion

��
ð7Þ

The last two terms on the right-hand side of Eq. (7) could be given the following
physical significance. 1) Convective heat flux based on macroscopic time mean velo-
city and temperature, which yields the left of Eq. (3) after using uD ¼ /huii; and
2) thermal dispersion associated with deviations of mean velocity and temperature,
which was modeled via Eq. (6).

Equations (1)–(3) subject to interface and boundary conditions were discretized
in a two-dimensional control volume involving both clear and porous mediums. The
finite-volume method was used in the discretization and the SIMPLE algorithm [41]
was applied to handle the pressure-velocity coupling. The discretized form of the
two-dimensional conservation equation for a generic property u in permanent
regime reads

Ie þ Iw þ In þ Is ¼ Su ð8Þ
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where Ie; Iw; In, and Is represent, respectively, the fluxes of u in the east, west, north,
and south faces of the control volume and Su its term source.

Standard source term linearization is accomplished by using

Su � S��u hui
i
p þ S�u ð9Þ

Discretization in the x direction gives

S�x ¼ ðS�xe ÞP � ðS�xw ÞP þ ðS�xn ÞP � ðS�xs ÞP þ S�P ð10Þ

S��x ¼ S��/ ð11Þ

where S�x is the diffusive part, treated here in an explicit form. The second term,
S��x, entails the additional drag forces due to the porous matrix, the last two terms
in Eq. (2), and are treated here explicitly (see [30–34] for details).

For the numerical simulations presented here, a grid of 40� 150 (6,000) nodes
was used, which was refined next to the walls. Code validation and grid indepen-
dency studies were conducted for the empty channel case and results were compared
with the literature (not shown here due to a lack of space). Further, all results have
been simulated with the following geometric configurations and boundary con-
ditions: uniform inlet velocity and temperature profile; inlet jet temperature,
To ¼ 300K, bottom plate temperature, T1 ¼ 310K; ratio between nozzle-to-plate
distance and nozzle width, H=B ¼ 2; nozzle width, B ¼ 1� 10�2 m and channel
length, L¼ 0.5 m.

4. RESULTS AND DISCUSSION

Impinging jets present three distinct characteristic regions according to
Incropera and DeWitt [42] (see also Fox and McDonald [43] for basic information
on impinging jets). The entrance region is termed the free jet, where the flow con-
ditions are unaffected by the impingement (target) surface and the jet velocity is
almost constant and equal to its nominal value. The stagnation region is where
the flow is influenced by the impingement surface. There, the jet is decelerated
and almost all kinetic energy is transformed into a static pressure rise. Following
the impact, the jet flow is redirected and accelerated again along the target surface.
The horizontal flow cannot accclerate indefinitely and becomes a decelerating wall
jet, which comprises a boundary layer. The above characteristics of the flow around
the stagnation region results in a peak of the Nusselt number [42, 43].

Clear Channel

The first set of results is related to the configuration shown in Figure 1a,
where no porous material is attached to the bottom wall. Figure 2a shows the
distribution of the local Nusselt number close to the stagnation region compared
with the experimental data of Gardon and Akfirat [1] and numerical results of
Chen et al. [3]. In Figure 2a, the Reynolds number is Re¼ 450, the inlet velocity
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profile at the jet inlet is fully developed, and the fluid flows in between parallel
plates. The temperature profile is uniform at the bottom wall and the ratio
between the nozzle-to-plate spacing and nozzle width is H=B ¼ 4. In order to
make the comparison it is necessary to normalize the local Nusselt with Pr�1=3.
Figure 2b shows a comparison of the local Nusselt number at the lower plate
with the numerical results of Chiriac and Ortega [4]. Inlet velocity and tempera-
ture profiles are uniform at the entrance slot and H=B ¼ 5. In addition, one can
see that a reasonable agreement with the literature is obtained, for a Reynolds
number spanning from 250 to 500. Overall, Figure 2 seems to show that results
agree well with the values found in the literature, indicating the correctness of the
code used as well as proper grid validation.

Figure 2. Validation for distribution of Nu along the lower plate for clear channel. (a) Re¼ 450, H=B ¼ 4

and (b) H=B ¼ 5.
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Figure 3 shows streamlines and temperature fields for various Reynolds
numbers for the condition of an empty channel (Figure 1a). Note that the figures
are turned counterclockwise so that the jet entrance is at the bottom left corner of
the drawings. Figure 3a shows that a primary recirculation near the inlet jet region

Figure 3. Results for uncovered lower wall (clear medium) and H=B ¼ 2. (a) streamlines and (b) tempera-

ture distribution.
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appears, caused by the sudden expansion of the jet when penetrating the
stagnant fluid within the channel. With an increase in Reynolds number, a secondary
recirculation bubble arises close to the bottom, further downstream the jet axis. In
Figure 3b, the temperature mixing inside the recirculating regions is evident. Strong
temperature gradients close to the bottom wall are also noted, which get even higher
as Re increases and the thermal boundary layer thickness is reduced.

For a performance analysis of heat transfer due to the jet velocity variation,
Figure 4 shows a graph with the local Nusselt number close to the target plate for
various Reynolds numbers. The Nusselt along the bottom wall is calculated as

Nu ¼ hH

keff
¼ qhTiv

qy

� �
y¼H

H

T1 � T0
where keff ¼ /kf þ ð1� /Þks ð12Þ

and h is a film coefficient.
According to Figure 4, as the Reynolds number increases the Nusselt number

peak at the stagnation region (x ¼ 0) increases. In addition, it can be seen that a
second Nusselt peak appears for a Reynolds number greater than Re¼ 500 and at
about x=B ¼ 10. This second peak is related to the second recirculation region
shown above in Figure 3a, and can be attributed to the engulfing motion around
the secondary recirculation region which reduces the thickness of the thermal bound-
ary layer [44].

Channel with Porous Layer

When a layer of porous material is added to the bottom of the channel, the
resulting configuration is shown in Figure 1b. The material is assumed to be rigid,

Figure 4. Local Nusselt distribution close to the inferior plate for clean medium and H=B ¼ 2.
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with porosity /, permeability KðDa ¼ K=H2Þ, and nondimensional thickness h=H.
Results below are obtained using distinct values for such three parameters.

Effect of porosity, /. Figure 5 shows the streamlines and temperature fields
for a porous layer of thickness h=H ¼ 0:5. The Reynolds number is maintained
constant and equal to 750.

Figure 5. Effect of porosity for Re¼ 750, H=B ¼ 2, Da ¼ 8:28� 10�3, h ¼ 0:5H, and ks=kf ¼ 10.

(a) streamlines and (b) temperature field.
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Figure 5a indicates that porosity variation does not strongly influence the flow
behavior, as also confirmed by Graminho and de Lemos [30]. On the other hand, in
Figure 5b it is possible to note that as porosity increases, the temperature field is
more quickly homogenized. Also, as porosity increases, the jet penetrates into the
permeable material reaching the bottom plate more easily. Consequently, the ther-
mal boundary layer is compressed to the wall at the stagnation region. A greater
temperature gradient results at the wall, reflecting in an enhancement of heat transfer
therein.

In order to further analyze the porosity influence on heat transfer, the distri-
bution of the local Nusselt number is plotted as seen in Figure 6. Again, the con-
figuration has the insertion of a porous layer of relative thickness h ¼ 0:5H, the
Reynolds number is maintained constant and equal to Re¼ 750, and the per-
meability is K ¼ 3:31� 10�6 m2. Inspecting the figure, one can note that the inser-
tion of a porous layer eliminates the second peak in Nu distribution, leaving only
the Nusselt peak at the stagnation region. Further away form x¼ 0, Nu decreases
to a minimum value, which is kept constant thereafter. In addition, a porosity
increase implies an increase in stagnation of the Nusselt number. Then, with the
insertion of a porous layer the distribution of the Nusselt number becomes more
homogeneous, which is an indication of a better heat transfer distribution along
the plate.

Effect of channel blockage, h=H . A study of the influence of the porous layer
thickness in the heat transfer is now presented. The streamlines and the field tem-
perature for a simulation with various porous layer thicknesses, with Re¼ 750,
H=B ¼ 2, Da ¼ 8:28� 10�3 (K ¼ 3:31� 10�6m2), and / ¼ 0:90 are presented in
Figure 7.

Figure 6. Local Nusselt distribution for various porosities with Re¼ 750, H=B ¼ 2, Da ¼ 8:28� 10�3,

ks=kf ¼ 10, and h=H ¼ 0:5.
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Figure 7a shows that porous layer thickness strongly influences the flow
behavior. For h ¼ 0:25H, the primary vortex diminishes and the second vortex
has its size increased. But increasing h from h ¼ 0:25H, the secondary vortex disap-
pears and the primary diminishes its size. The temperature field also is influenced
by the porous layer thickness variation, as shown in Figure 7b. With thickness
until h ¼ 0:50H, the direction of the isothermals vary more strongly, mainly in the

Figure 7. Effect of porous layer thicknesses for Re¼ 750, H=B ¼ 2, Da ¼ 8:28� 10�3, / ¼ 0:9, and

ks=kf ¼ 10. (a) streamlines and (b) temperature field.
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stagnation region, but it does not happen to the thickness h ¼ 0:75H, where the iso-
thermals lightly vary throughout the temperature field.

To complete the analysis, the local Nusselt number for various thickness of
porous layer is presented in Figure 8. The stagnation of the Nusselt peak diminishes
with the insertion of the porous layer, and for thicknesses inferior to h ¼ 0:40H the
second Nusselt peak continues, as shown in Figure 8. The presence of the second
Nusselt peak is connected with the secondary vortices that appear in Figure 7a. Also,
it can be seen that the variation of the thickness of porous layer does not influence
the value of stagnation of the Nusselt peak as strongly as the variation of porosity, as
can be concluded by comparing Figures 6 and 8. The main influence of thickness of
the porous layer is the change in the curve shape of Nusselt distribution once
the Nusselt peak value and the minimum constant Nusselt value are similar for all
thickness.

Effect of Darcy number, Da. The effect of Darcy number Da¼K=H2 is pre-
sented in Figure 9. Streamlines displayed in Figure 9a indicate that, as Da decreases,
fluid is pushed to flow above the porous slayer in the clear passage of size 0.5H. Also
noted is the reduction and elongation of the recirculating bubble, no longer penetrat-
ing the porous substrate as the permeability is reduced. Corresponding temperature
distributions are plotted in Figure 9b. For low Da cases, the penetrating flow is suffi-
ciently strong to deform the temperature and form a thin boundary layer at the jet
impinging region. As Da is reduced, the thermal boundary layer becomes thicker at
the jet axis location and heat is transported through the porous material nearly by
conduction. For Da¼ 4.50� 10�5, the porous substrate behaves like a solid layer
and a boundary layer forms at the macroscopic interface between the two media.
Nusselt numbers distribution in Figure 10 are plotted for corresponding Da.
Reduction of the layer permeability thickens the thermal boundary layer at the

Figure 8. Local Nusselt distribution for various porous layer thicknesses with Re¼ 750, H=B ¼ 2,

Da ¼ 8:28� 10�3, ks=kf ¼ 10, and / ¼ 0:9.
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stagnation point, leading to a reduction of Nu therein. Homogenization of tempera-
ture gradient along x=B also eliminates the peak in Nu. Also, for Da less than
3.40� 10�2, no substantial variation on Nu is detected, possibly indicating an
optimal value for Da if the objective of such system is to control heat transfer from
the wall.

Figure 9. Effect of Da for Re¼ 750, H=B ¼ 2, h=H ¼ 0:5, / ¼ 0:9, and ks=kf ¼ 10. (a) streamlines and

(b) temperature field.
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Integral Wall Heat Flux

Another important parameter to evaluate the effectiveness in using porous
layer is to calculate the integrated heat transferred from the bottom wall. Such over-
all heat transferred from the lower wall to the flowing fluid can be calculated for both
configurations, presented in Figure 1, as

qw ¼
1

L

Z L

o

qwxðxÞdx qwx ¼ �keff
qhTii

qy

					
y¼H

ð13Þ

For the cases where the a porous layer is considered, the wall hat flux is given a
superscript / on the form q/

w. The ratio q/
w=qw can then be seen as a measure of

the effectiveness of using a porous layer for enhancing or damping the amount of
heat transferred through the wall.

Figure 11 compares the ratio q/
w=qw for several porosities and porous layer

height h=H, with ks=kf ¼ 10. The figure suggests that for cases where there is a more
solid material per unit volume, or for low /, there is a net gain when using a porous
substrate covering the cooled wall (q/

w=qw > 1). This is more apparent as the layer
gets thicker (Figure 11c). On the other hand, for very high porosities and relatively
high Re, disruption of the thermal boundary layer close to the wall, due to the
presence of a porous material, damps the overall heat transferred from the wall.

Figure 12 further shows variations for the integrated wall heat flux ratio with
h=H for two values of porosity /. For a medium with low porosity or more solid
material (Figure 12a), the use of a porous substrate is always beneficial, regardless
of the layer thickness. On the other hand, light material may enhance heat transfer
only for thicker layer cases, whose limiting thickness increases with increasing Re,

Figure 10. Local Nusselt distribution for various permeabilities with Re¼ 750, H=B ¼ 2, h=H ¼ 0:5,

/ ¼ 0:9, and ks=kf ¼ 10.
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i.e., for Re¼ 250, Figure 12b indicates a gain in qw for h=H � 0:5, whereas for
Re¼ 1000 the layer needs to have h=H � 0:63 for getting q/

w=qw > 1.
Finally, Figure 13 compiles results for q/

w=qw when the conductivity ratio ks=kf

is varied. Here, it is important to emphasize that results in the figure were obtained

Figure 11. Integral heat flux ratio at the lower wall for various Reynolds and porosities with H=B ¼ 2,

Da ¼ 8:28� 10�3, and ks=kf ¼ 10. (a) h=H ¼ 0:25, (b) h=H ¼ 0:5, and (c) h=H ¼ 0:75.
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Figure 12. Integral heat flux ratio at the lower wall for various Reynolds and porous layer thicknesses with

H=B ¼ 2, Da ¼ 8:28� 10�3, and ks=kf ¼ 10. (a) / ¼ 0:5 and (b) / ¼ 0:9.

Figure 13. Integral heat flux ratio at the lower wall for various ratios ks=kf for Re¼ 750, H=B ¼ 2, and

Da ¼ 8:28� 10�3.
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with the local thermal equilibrium (LTE) assumption (hTii ¼ hTf ii ¼ hTsii). Such
hypotheses might not be valid when the conductivity of the two media differs from
each other by a large amount. As such, results herein should be seen with caution
and as a first approximation of a more elaborate calculation using the so called
two-energy equation model.

One can note in Figure 13 that increasing the conductivity ratio past
ks=kf > 10, it is always possible to enhance the heat extracted from the bottom wall.
Also, for ks=kf > 100, computations seem to be scattered and no coherent pattern is
detected when ks=kf is varied. This seemingly erratic behavior of q/

w=qw � ks=kf

might be a consequence of the unsuitability of the LTE model for cases where the
thermal conductivity of the solid is substantially higher than kf . In those cases,
distinct energy equations for each phase might be a more realistic model to use.

5. CONCLUSIONS

The presence of a porous layer on the plate eliminates the second peak in Nu
and allows for controlling heat transfer from the wall. It was observed that porosity
strongly influences the stagnation Nusselt value, while the porous layer thickness
affects more intensely the distribution of Nu along the plate. Low porosity material
tends to yield a better heat absorption when compared to media that are more per-
meable. Increasing the thermal conductivity ratio is always beneficial to heat transfer
enhancement form the hot wall. Ultimately, results in this work might be useful to
engineers designing systems that make use of impinging jets over thermally conduct-
ing porous materials, which possesses a large interfacial air-to-solid contact area and
are used to advantage for cooling or heating purposes.
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