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Mixed convection in metallic foams modeled with Darcy’s law under local thermal non—
equilibrium conditions is investigated, where the solid phase thermal conductivity is as-
sumed infinitely larger than its fluid phase’s counterpart. A linear and modal stability anal-
ysis was employed to evaluate the convective and absolute instability thresholds as well
as their respective cell patterns. This analysis indicates that local thermal non—equilibrium
always has a stabilizing effect and the spanwise uniform mode is always the most unstable.
At the onset of convective instability, however, the number of equally unstable cell patterns

increases with both aspect ratio and local thermal non—equilibrium strength.
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I. INTRODUCTION

In the last decades, there has been an increasing interest in the use of metallic foams as heat
exchangers. This type of material is characterized especially by its stiffness, strength, lightness
and ability to absorb a large amount of energy. The importance of this kind of material to heat
transfer enhancement is mainly due to its high thermal conductivity, its high solid—fluid interface
area and its ability to promote mixing internally'. Metallic foams are often modeled as porous
media with high porosity and permeability. In addition, on account of their good conducting solid
phase compared to the fluid phase, the assumption of local thermal equilibrium between the phases
is likely to fail. For a thorough review on metallic foams and their application as heat exchangers,

we refer the reader to the existing literature? .

A good understanding of the phenomenon of convection in porous media is closely related to
the design optimization of metal foams as heat exchangers. The study of thermal instability to
determine the onset of convection in fluid saturated porous media has been widely investigated
in the literature. The pioneering studies in this field>® focused on a porous layer saturated by a
Newtonian fluid at rest. Some years later, the effect of a horizontal fluid flow on the transition
to instability was investigated’. It was found that the horizontal throughflow does not affect the

instability threshold, but changes the disturbance nature from stationary to travelling.

These conclusions were based on the concept of convective stability analysis. Such an analysis
aims to determine the parametric threshold above which a plane wave disturbance with a given
wave number starts to grow. In the late 1950s, a discussion emerged between different types of
instability in the context of plasma physics®®. Later, the concepts of convective and absolute in-
stabilities were brought to the area of fluid dynamics'?. The distinction between these types of
instability can be done by analyzing the impulse response of the system. If the infinitesimal im-
pulse grows in time for a fixed position, eventually contaminating the entire domain, the problem
is said to be absolutely unstable. On the other hand, if a disturbance grows as it is convected by
the basic flow, eventually leaving the domain, it is said to be convectively unstable. If the problem
has a basic solution in which the fluid is at rest, the onset conditions of both types of instability
most likely coincide. When the basic throughflow is nonzero, however, which is the case in many
real-world problems, the convective/absolute instability nature of the flow must be determined.

Recently, absolute instability in porous media flows has been the focus of several studies!!~2°,
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and a more exhaustive review can be found in Barletta<'. In the context of convection within
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metallic foams, the onset of absolute instability is yet an unanswered question. The present paper
aims to investigate the transition from convective to absolute instability when the solid and fluid
phases are not in local thermal equilibrium. The first studies on the onset of convective instability
in a horizontal porous layer under conditions of local thermal non—equilibrium were carried out
by Combarnous?? and later by Banu and Rees?. In addition, we consider the porous channel to
be laterally confined. The pattern selection of the emergent mixed convection is also investigated.
This investigation is usually performed by means of a weakly nonlinear analysis, since the inter-
action between the single modes must be taken into account?®. Such an approach has indeed been
used to investigate the effect of local thermal non—equilibrium on the pattern formation for mixed
convection in porous media®’. In the present analysis, however, only the linear pattern selection is
discussed. This is accomplished by employing the linear growth rates given by both the convective

and absolute instability analyses.

II. PROBLEM STATEMENT

A fluid saturated porous layer is bounded horizontally by impermeable and isothermal walls
and vertically by adiabatic and impermeable walls. This porous channel is subject to a horizontal
pressure gradient. A vertical temperature gradient is set up by imposing two different tempera-
tures at the boundaries with the highest temperature on the lower one. The problem configuration
is illustrated in the Fig. 1 and coincides with the one investigated by Prats, but with a lateral
confinement. Among all the possible porous media, we are interested in investigating metallic
foams. These peculiar, highly conductive, porous media are suitable for designing innovative
heat exchangers. In this framework, heat transfer processes characterised by fast transients are
frequent. In order to analyse this type of phenomena, a two—temperature model is here employed:
one temperature describing the heat transfer for the fluid phase and one temperature for the heat
transfer for the solid phase. This model allows us to relax the hypothesis of local thermal equilib-

rium (LTE) between the solid phase and the fluid phase.

The stability of such a system with respect to the onset of buoyancy driven convection will
be investigated in this paper. The convective stability and absolute instability are here studied.
Darcy’s law is employed to describe the momentum transfer and the Oberbeck-Boussinesq ap-

proximation is assumed to model the buoyancy term.
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FIG. 1. Illustration of the flow geometry under study.
a1 A. Governing equations

The absence of LTE implies a so called local thermal non equilibrium (LTNE) regime. The
two—temperature model here employed defines, for the same reference elementary volume, two
different temperatures and a interphase heat transfer coefficient 4 that rules the heat exchange
between solid and fluid. The set of governing equations is thus composed by a local mass balance
equation, a local momentum balance equation, and two energy balance equations, one for the fluid

and one for the solid, namely
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where the x coordinate direction is assumed homogeneous. Hence, boundary conditions are not

required by a linear and modal stability analysis in this direction. Here, the subscripts f,s denote,



respectively, the fluid phase and solid phase properties, (x,y,z) are the Cartesian components of
the position vector x, ¢ is the time, u = (u, v,w) is the velocity vector, T is the temperature, Ty is the
reference temperature, e, is the unit vector along the vertical z—axis, p is the density, c is the heat
capacity per unit mass, £ is the thermal conductivity, ¢ is the porosity, i is the dynamic viscosity,
B is the thermal expansion coefficient of the fluid, K is the permeability, g is the modulus of the
gravitational acceleration vector g. The channel height is denoted with L while the width with W.

Noting that >« = k/(pc) is the thermal diffusivity, the relations

L2
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yield the definitions of the dimensionless quantities, denoted with an asterisk. Eq. (2) allows us to

obtain the following set of dimensionless governing equations from Eq. (1):
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where the asterisks are omitted for the sake of brevity and the forthcoming analysis is based on
dimensionless quantities. The Darcy—Rayleigh number R and the other dimensionless parameters

employed in Eqgs. (3) are defined as
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2 B. Pressure-temperature formulation

We manipulate Eqgs. (3) to obtain the following pressure temperature formulation
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s3  where the impermeability conditions in Eq. (3) are expressed as pressure conditions by employing

s Darcy’s law.

es III. STABILITY ANALYSIS

A metallic foam is usually characterized by a high value of thermal conductivity. Let us con-

sider the limiting case where the fluid saturated metallic foam is such that k;/ks < 1 with a finite

value of ky. This assumption yields y < 1 and & < 1. Such results yield an important simplifica-

tion of Egs. (5), namely
Ty
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A stationary basic solution of Eq. (3) where a horizontal pressure gradient is imposed is the

following:

1
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ez where b stands for the basic state and Pe = ugL/@ > is the Péclet number, which derives from
ss the velocity scaling in Eq. (2) with up defined as characteristic velocity imposed by the stationary

o pressure gradient. Since the temperatures of the fluid and of the solid phase coincide, the basic

@

9 state is one of local thermal equilibrium.

oo B. Linear and modal disturbance governing equations

The stability of the basic state, Egs. (7), is now investigated. The governing equations (6) are

thus perturbed by employing small amplitude disturbances, namely

p(x,y,2,1) Pi(%,2) pa(x,y,2,1)
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where d stands for the disturbance and € is a disturbance parameter, small enough to make the
O(£?) nonlinear terms negligible. The linearised system of governing equations obtained by sub-

stituting Eq. (8) into Egs. (6):
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We an now express (pq, Tr.4,T;.q) in terms of the Fourier modes
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which are spatially periodic and temporally evolving since k is a real wave number and A4 is a

complex parameter with frequency @ = —Im[A] and temporal growth rate Re[A]. Alternatively,



they can also be expressed in terms of the Fourier modes
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which are temporally periodic and spatially evolving since  is a real frequency and k is a complex
parameter with wave number Re[k] and spatial growth rate —I/m[k]. Furthermore, they also have
complex eigenfunctions y(y,z), 0(y,z) and ¢(y,z) that depend on the parameters k and n or @ and
n, respectively. By employing Eq. (10), we can manipulate Eq. (9) to obtain
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which can also be obtained from Eq. (11) if we let @ = iA. The disturbances (y,0,¢) can be

expressed in the form of normal modes according to the boundary conditions in Eq. (14)
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By applying Eq. (13) to Eq. (12) we may write
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The last equation in Eqs. (14) allows us to conclude that ¢, ,, = O for every n and m, which means
its first two equations can be manipulated to yield the dispersion relation

m’m*R
Ry
With the aim of encompassing the dependence on m, we introduce the scaling

A R H ko,

A =R H—k*—s*—1*m? — ik Pe. (16)

P
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m m m m m m
so that Eq. (16) can be rewritten as
2 p!
TT°R
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+ 145

Equation (18) coincides with Eq. (16) when m = 1. In the following, the primes will be omitted

for the sake of brevity. This is equivalent to employing Eq. (16) with m = 1.

C. Onset of convective instability

The first step in the present study is to identify the onset of instability, i.e. under which para-
metric conditions the flow first becomes unstable. In the presence of throughflow, this is often
called the onset of convective instability. This analysis can be pursued by considering either spa-
tially periodic Fourier modes that can neither grow nor decay in time, i.e. Re[A] = 0, or temporally
periodic Fourier modes that neither grow nor decay in space, i.e. —Im[k] = 0.

Under these constraints, the imaginary part of Eq. (18) yields
® = kPe. (19)

This result implies that traveling disturbances propagate at the same dimensionless velocity of the
basic flow, Eq. (7). We can thus conclude that the principle of exchange of stabilities holds in the
reference frame co-moving with the basic flow.
Putting together Eq. (19) with the assumptions Im[k] = Re[A] = 0 and Eq. (18), yields
(k*+5>+7%) (K +s*+H+n?)
k2 + 52 ’
where the least stable mode is recovered when m = 1 according to Eq. (17). The critical values k.,

R= (20)

which are the values of k that minimize R, must satisfy either equation

K2 + 5% = s2 YV s <s,
@n
k=0 Y s,



FIG. 2. Critical Rayleigh number R. as a function of the parameter s for different values of H. Black
lines represent R.Vs < s, whereas red lines represent R, Vs in Eq. (23). Dashed (red) line represents local

minima whereas solid (black and red) lines represent global minima.

where the former describes a circle centered at the origin (k,s) = (0,0) with radius s., defined as
se = VA(H+7m2)"/4. (22

They represent the wave number of the disturbance that will first become unstable as R is increased

to R, = R(k.). Substituting Eq. (21) into Eq. (20) leads to the critical Rayleigh numbers

H+271:(71:+\/H+71:2) Vs < s,
R, = 23)
(m% + %) (H + 7> +5%)
o Vs,

which show that the parameter R. has a dependency on both s and H. Figure 2 summarizes
these findings by presenting R, from Eq. (23) as a function of s for different H. Note that s,
increases as H increases, which is why the critical interval increases with H. Since R (Vs < s.) <
R:(Vs), as shown in Fig. 2, and s < s, because the integer n can be as small as zero as it was
defined in Eq. (13), the critical wavelength is given by k. = \/sgfis2 . Two limits are worth further
discussion. One is the unlikely upper limit s = s., since it can only be achieved when A and n

satisfy

A=nvE/(H+ ), 4
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which means that we must have A = n when H = 0 and A = n/2 when H = 152, for instance.
In these very specific cases, a uniform (k. = 0) and stationary (@, = 0), according to Eq. (19),
disturbance becomes dominant. The other one is the lower limit s — O for either an unbounded
domain in the streamwise direction, i.e. A — oo, or a spanwise uniform instability, i.e. n = 0.

Equation (20) can then be simplified to

ke=\/nVH+nm2 (25)

Furthermore, the thermal uncoupling between solid and fluid phases occurs for a vanishing dimen-
sionless inter-phase heat transfer coefficient, i.e. in the limit H — 0. In this case, if s — 0, the
mathematical formulation matches that of the classical Darcy—Bénard problem and one obtains
ke =« from Eq. (25) and R, = 472 from Eq. (23). Finally, it is important to note that the classical
Darcy—Bénard Rayleigh number Ra and the one used here are not the same. According to Eq. (4),
they are related by Ra = yR/(1 + 7). Additionally, ¥ — O because k; > ky was assumed and
Eq. (23) states that R, — o0 as H — oco. Hence, both products YR and YH become ill-defined when
H — 0. The latter also appears in Eq. (5), which means this limit cannot be enforced when using
Eq. (6). It turns out that ¥ ~ O(1073) and O(1) < H < 0(10°), according to typical values found

in the literature for i, L, @, ks and kfl. Hence, we focus our studies on the range 0 < H < 100.

D. Onset of absolute instability

The onset of convective instability can be analyzed by studying the first Fourier mode that
becomes unstable. The onset of absolute instability, on the other hand, requires an analysis of the
entire convectively unstable wavepacket. It occurs when the upstream edge of this wavepacket

becomes stationary. This can be numerically evaluated through the zero group velocity condition

% o, 26)
which marks the location of the saddle point {ko, A (ko) }. The steepest descent calculation required
to pursue this analysis extends the real wave number k of spatially periodic Fourier modes into the
complex plane, allowing it to be complex. By employing Eq. (16) and the zero group velocity con-
dition (26), the saddle points ko must be evaluated numerically by using a root finding procedure.

The Rayleigh number at the saddle point, Ry = R(ko, A (ko)), is obtained by evaluating

Re[A(ko)] = 0. 27
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Since Eq. (26) is a necessary but not sufficient condition for absolute instability, causality must be
verified to make sure that the Rayleigh number at the onset of absolute instability R, is equal to Ry.
This is done for a large enough number of saddle points in order to generate enough confidence
that the entire set satisfies causality. A sample case is presented in Fig. 3 for H = 10, Pe = 10 and
s = 2. Causality is demonstrated in two different ways. One is a simple visual inspection to make
sure that the downstream propagating branch, labeled k™, goes from stable (R < R.) to marginally
stable (R = R.) to convectively unstable (R, < R < R,) to marginally absolutely stable (R = R,),
at which point it pinches with a stable upstream propagating branch, labeled k. Another way is
by calculating the steepest descent curve, shown by the red dashed line in Fig. 3 (left), in order to
demonstrate that it contains no singularity. The steepest ascent curve, shown by the blue dashed

line in Fig. 3 (left), yields the wave packet characteristic group velocity shown in Fig. 3 (right).

8 20
- R<Ry
15
10 k*

< 5
= )
IS S
: S,

€ 0

-5

-10 k™
-4 -15
0 2 4 6 8 50 55 60 65 70 75 80
RelK] R

FIG. 3. Stability branches for H = 10, Pe = 10 and s = 2. (Left) Collision criterion together with steepest
ascent (blue) and descent (red) paths passing through the saddle point. (Right) Characteristic group velocity

of both wave packets involved in the collision at the saddle point.

Once we gained confidence that these calculations indeed yielded onsets of absolute instability,
a parametric analysis was pursued. The value of R, as a function of s for a range of Péclet numbers
is shown in Fig. 4 with (left) H = 0 and (right) H = 10. When Pe = 0, the onsets of convective and
absolute instability occur at the same threshold Rayleigh number, i.e. R, = R,,. Otherwise, a region

of convective instability appears when Pe > (. Furthermore, for a given value of s, increasing either
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Pe or H has a stabilizing effect, i.e. R, increases. Although Fig. 4 clearly shows this stabilizing
effect of Pe, the same cannot be said about H. In order to highlight the effect of thermal non-
equilibrium, the threshold (top left) Darcy—Rayleigh number, (top right) frequency, (bottom left)
spatial growth rate and (bottom right) wave number at the onset of absolute instability are shown
as functions of H for different Pe in Fig. 5 when s = 0. This value of s was selected because Fig. 4
shows that it yields the location of all global minima when the Péclet number is positive. The
stabilizing effect of H is now clearly shown in Fig. 5. Furthermore, both threshold frequency and
wave number increase with H. These trends are the same for any positive Péclet number. On the
other hand, the qualitative impact of H on the spatial growth rate depends on the Péclet number.

For small (large) Pe, the spatial growth rate decreases (increases) when H increases.

IV. LINEAR PATTERN SELECTION

As discussed in section III C, the onset of convective instability occurs for an infinite combina-
tion of aspect ratios A and Fourier modes n, which indicates the spanwise cell pattern. Figure 6
highlights this issue by showing the critical (left) Rayleigh number and (right) wave number as

functions A for different n when H = 0. This figure shows the cell pattern selected at the onset

600

500

400

o 300

100

FIG. 4. Critical Rayleigh numbers as function of s representing the onsets of convective (dots) and absolute

(lines) instability for a range of Péclet numbers with (black solid) H = 0 and (red dashed) H = 10.
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FIG. 5. Critical (top left) Darcy—Rayleigh number, (top right) frequency, (bottom left) spatial growth rate
and (bottom right) wave number at the onset of absolute instability as functions of H for different Pe when

s=0.

of convective instability as a function of the aspect ratio in the regime of complete thermal un-
coupling between the phases. It is important to emphasize that the number of marginally unstable
patterns increases with A, indicating co-dimension points (black dots). They can be found by
equating both formulas for R, in Eq. (23). In other words, Fig. 6 (left) shows that n = 0 is the

only marginally unstable mode when A < 1, both n = 0 and 1 modes are marginally unstable when
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FIG. 6. Critical (left) Rayleigh number and (right) wave number at the onset of convective instability as
functions of the aspect ratio for different Fourier modes when H = 0. Each color corresponds to a unique
spanwise cell pattern n. Black dots indicate co-dimension points. Solid lines indicate that s < 5. whereas

the dashed ones indicate that s > s., where s, is defined in Eq. (22).

A <2, all three n =0, 1 and 2 modes are marginally unstable when A < 3, and so on. Furthermore,
Fig. 6 (right) shows that the critical wave number of each positive mode (n > 0) increases with A,
eventually reaching its asymptotic limit of k(A — o0) — 7, where k.(VA) = w when n = 0. The
effect of thermal non—equilibrium on the marginally stable cell pattern formation can be evaluated
now by considering different values of H. These results are summarized in Fig. 7, which is similar
to Fig. 6 (left) but constrained to s < s, and n < 10. By increasing H for a fixed A leads to an
increase in the number of unstable spanwise cell patterns. In other words, the co-dimension points

occur at smaller aspect ratios as H increases.

The identification of the cell patterns beyond marginal stability often requires a nonlinear anal-
ysis?®. This is, however, beyond the scope of the present paper. Nonetheless, there is still much to
explore in this realm from a linear standpoint by distinguishing between convective and absolute
instabilities. Although they have been understood for decades now?’, novel techniques for their
detection are still being developed?® and their influence on porous media flows is still being un-
covered®. Figure 8 shows the most relevant Fourier modes (top left) at marginal stability, (top

right) during convective instability, (bottom left) at the onset of absolute instability as well as (bot-
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tom right) during absolute instability for Pe = 10, H = 30 and A = 2.5. The first plot confirms
the information already discussed in Fig. 7, which showed that modes n =0, 1, 2 and 3 become
marginally unstable (Re[A] = Im[k] = 0) simultaneously at R = R.. A convectively unstable re-
gion is reached beyond this point, i.e. when R, < R < R,, which means incoming disturbances are
spatially amplified (—Im[k] > 0). In other words, they grow in amplitude as they are convected
downstream. Figure 8 (top right) shows that the spanwise uniform mode (n = 0) has the highest
spatial growth rate when R = R, + 10, which is in fact true for all convectively unstable conditions
evaluated. Assuming all incoming disturbances enter the flow with similar amplitudes, the n = 0
mode is the most likely one to grow (in space) downstream and reach nonlinear saturation first.
The onset of absolute instability is then reached when R = R, (Re[A,] = 0). Beyond this point,
i.e. when R > R,, disturbance measured at any given spatial location are temporally amplified
(Re[A,] > 0). Saddle points shown in Fig. 8 (bottom left) indicate that the n = 0 mode is the first
one to become absolutely unstable whereas the cusp points>® shown in Fig. 8 (bottom right) indi-
cate that this same mode remains the dominant one within the absolutely unstable region. This is
true for all absolutely unstable onsets and absolutely unstable regions evaluated. Assuming that
all disturbances initially present in the flow have similar amplitudes, the n = 0 mode is the most
likely one to grow (in time) and reach nonlinear saturation first. It should be emphasized again

that these are linear cell pattern selection mechanisms. Nonlinear interactions can change the cell
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FIG. 7. Same as Fig. 6 (left), but for different positive H and constrained to n < 10.
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pattern selected by the flow.

The linear spanwise cell pattern that is selected at the onset of absolute instability can now be
investigated a bit further. This is done here for Pe = 10 and H = 30, although similar trends were
observed at all other parametric conditions evaluated. Figure 9 shows the critical (top left) Darcy—
Rayleigh number, (top right) frequency, (bottom left) spatial growth rate and (bottom right) wave

number at the onset of absolute instability as functions of the aspect ratio for the first ten Fourier

R=99.4127

0.8¢
3

0.61
= =
T E
= ]
0.4
0.2
0.0
0 1 2 3 4 5 6
RelK]
4.0 10 -
. 7 —_ R, =102.2820 R=115 1,480 n=0
N s It
AN — — R,=103.2071 | \‘l \X\
35 PN — — Ra= 106.4646 CEAN
’ ¢ == Ra=113.0785 5 )\
3.0 N — = R,=123.3468 !
3 ,\\ _ 3/
i~ o >/ 2 AR
T 2.5 ’ s A < 0 I
b LN S :
20 A D // /
” e/
1/, n=0 -5
/, *~ - s~ 4
1.5 P < VAR A
v 7
K o
19 T A
25 30 35 40 45 50 55 20 30 40 50 60
Relkz) -Im[A,]
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modes. The spanwise uniform mode (n = 0) is the first one to become absolutely unstable and this
onset is not affected by the aspect ratio for the entire aspect ratio range shown in Fig. 9 (top left).
On the other hand, all spanwise nonuniform (n > 0) modes are destabilized by an increasing aspect
ratio. Furthermore, this same figure implies that all spanwise cell patterns become absolutely
unstable at the same time when A — co. The behavior of spanwise nonuniform modes, however, is
not monotonic with respect to the aspect ratio. At small A, they are streamwise uniform (Re[k,] =

0), stationary (Im[A,] = 0) and their spatial growth rates (-Im[k,]) increase with A. Beyond a certain
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critical aspect ratio, they become streamwise nonuniform (Re[k,] # 0), oscillatory (Im[A,] # 0)
and their spatial growth rates (-Im[k,]) decrease with A. All three characteristic trends seem to

converge towards their respective spanwise uniform mode (n = 0) values when A — oo.

V.  CONCLUSIONS

The present paper investigates mixed convection taking place within metallic foams under lo-
cal thermal non—equilibrium between the solid and the fluid phases. This is done in two major
ways. First, the linear convective/absolute threshold values of the Darcy—Rayleigh number for the
onset of instability are evaluated. Second, the cell pattern selected within each unstable region is

estimated within a linear framework. The following remarks are noteworthy:

1. Local thermal equilibrium has a stabilizing effect on both onsets of convective and absolute

instability, independently of the Péclet number and aspect ratio;

2. The number of spanwise cell patterns selected at the onset of convective instability, i.e.
marginal stability, increases with aspect ratio. In the limit of an infinite aspect ratio, all

spanwise cell patterns become linearly convectively unstable at the same time;

3. The number of spanwise cell patterns selected at marginal stability for a fixed aspect ratio

increases as the local thermal non—equilibrium becomes stronger;

4. Within convective and absolute instability regions, the uniform spanwise mode is the most

unstable for all aspect ratios and extent of local thermal non—equilibrium.

According to the literature!, metallic foam heat exchangers operate within O(1) < Pr <
0(10%) and O(1) < Re < O(10%), where Pr and Re are the Prandtl and Reynolds numbers, re-
spectively. This means one can expect O(1) < Pe < O(10%). Although natural convection is
always desirable, heat transfer enhancements due to forced convection are dominant at high Péclet
numbers. Hence, the present results are relevant for small and moderate Péclet numbers. They
indicate that natural convection due to a convective instability is a quite likely scenario for any Pe

but natural convection due to an absolute instability is likely only for small Pe.
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10Cdl thermmal non—cquiorum on e pattcrn 10rmaton 1or mixcd convecuon 1 porous media- . 1n
the present analysis, however, only the linear pattern selection is discussed. This is accomplished
by employing the linear growth rates given by both the convective and absolute instability analyses.

Il. PROBLEM STATEMENT

A fluid saturated porous layer is bounded horizontally by impermeable and isothermal walls
and vertically by adiabatic and impermeable walls. This porous channel is subject to a horizontal
pressure gradient. A vertical temperature gradient is set up by imposing two different temperatures
at the boundaries with the highest temperature on the lower one. The problem configuration

coincides with the one investigated by Prats, but with a lateral confinement.
Among all the possible porous media, we are interested in investigating metallic foams. These
peculiar, highly conductive, porous media are suitable for designing innovative heat exchangers.
In this framework, heat transfer processes characterised by fast transients are frequent. In order
to analyse this type of phenomena, a two—temperature model is here employed: one temperature
describing the heat transfer for the fluid phase and one temperature for the heat transfer for the solid
phase. This model allows us to relax the hypothesis of local thermal equilibrium (LTE) between the
solid phase and the fluid phase.

Tr=T=" 9T _ 9% _
dy dy
7 8p ,/
Ty _ 9Ty ox
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Z Porous Medium
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1 y 1
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1 1
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FIG. 1. Problem geometry
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