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Numerical Investigation of The Effect of Fins Added to Metal Foam
on Heat Transfer Using Air and Water Coolants

Metal Siingere Kanatcik Eklenmesinin Hava ve Su Akiskanlari ile Isi
Transferine Etkisinin Sayisal Yontemlerle Incelenmesi
Highlights

7

«+ The heat transfer in a metal foam is analyzed using a non- equilibrium thermal porous medium model, and
the findings are validated against existing literature.
«» Examining the effect of using fins with metal foam on heat transfer.

7

«+ Comparing the effect of using fins with metal foam on heat transfer when the working fluid‘ is‘air and water.
Graphical Abstract

In this research, the heat transfer in a metal foam is numerically analyzed using a non-equilibrium thermal porous
model, and the results are validated against existing literature for both water and air as working fluids.
Subsequently, the heat transfer performance is numerically investigated with the addition of up to four fins to the

metal foam.
AN
Metal foams
Fins
Figwof 1 fin and 4 fins to the metal foam
VN
Aim

The aim of the research is to examine the use of fins with metal foam using numerical methods with water and air as
working fluids, and to compare the results.

Design & Methodology

Fins, varying from one to four, have been integrated along the metal foam’s height, and the influence of fin
utilization on heat transfer has been systematically investigated through numerical methods, employing water and
air as working fluids.

Originality

The effect of using fins with metal foam on heat transfer has been examined for a small thermal conductivity
working fluid, such as air, and a high thermal conductivity working fluid, such as water, with results compared
systematically.

Findings

Fins addition to the metal foam has enhanced heat transfer for both fluids; however, the relationship between this
enhancement and fluid velocity has differed for the two fluids.

Conclusion

Fins addition to the metal foam has significantly enhanced heat transfer at high fluid velocities when air is used,
while in the case of water, it has shown to be more effective at low fluid velocities.

Declaration of Ethical Standards

The author(s) of this article declare that the materials and methods used in this study do not require ethical
committee permission and/or legal-special permission.
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ABSTRACT
Advancements in technology have led to a continuous increase in the amount of heat generated withja(elec ent, despite
the reduction in their size and the increase in their functionalities. Due to the escalating heat loags, en ooling performance
has become more critical in applications. Metal foams have recently emerged as a promine nhagfice heat transfer in

involved, particularly when a high thermal conductivity fluid such as water is used, as it
conduction along the height of the metal foam. Consequently, integrating fins wi
i to the existing literature, the
effect of using metal foam combined with fins was examined with two separa ing dissimilar thermal conductivities:
a high thermal conductivity fluid (water) and a low thermal conductivi The” metal foams were modeled using
Computational Fluid Dynamics (CFD) software with porous medium param . etal foam used is made of aluminum

In the study, it was observed that when air is used as the fIw‘ creases efficiency with increasing air velocity,
while the temperature rise on the wall can be reduced by up , when water is used as the fluid, the addition of
fins decreases efficiency with increasing water velocity, yet t tempera re fise on the WaII can be reduced by up to 48%.

Metal Siingere Kana klenmesinin Hava ve Su
Akiskanlar i ransferine Etkisinin Sayisal
lerle Incelenmesi

0Oz

1s1 treten elektronik ekipmanlarin boyutlarindaki kiiciilmelere ragmen islevlerinin
1s1 yiikleri silirekli bir artig gostermektedir. Artan 1s1 yiiklerine bagli olarak sogutma
onem kazanmaktadir. Metal silingerler ¢ok yiiksek yiizey/hacim oranlart ile 1s1 transferini

Teknolojideki ilerleg ler

kanatlarla birleSfigildiesi literatiirde incelenmistir. Bu ¢alismanin literatiirdeki calismalardan farki metal siinger ile kanatgik
kullanimin etkisidin biiyiik 1s1l iletkenlige sahip bir akigkan (su) ve kii¢lik 1s1l iletkenlige sahip bir akigkan (hava) ile ayr ayri
kullanilmis olmasidir. Metal siingerler Hesaplamali Akiskanlar Dinamigi (HAD) yazilimlarinda poroz ortam parametreleri
kullanilarak modellenebilmektedir. Metal siinger aliiminyum malzemeden iiretilmis olup yiiksek poroziteye (%90) sahiptir.
Caligsmada kanat sayis1 da bir parametre olarak incelenmis olup, kanat sayisinin bu iki stvinin 1s1 tanimlanan yiizeydeki Nu sayisini
nasil etkiledigi ANSYS Fluent yazilimi ile incelenmistir. Calismada akiskan hava oldugu durumda kanat eklenmesinin verimliligi
artan hava hiz ile artarken duvardaki sicaklik artig1 %43’e kadar, akisken su oldugu durumda ise kanat eklenmesinin verimliligi
artan su hizi ile azalirken duvardaki sicaklik artis1 %48’e kadar azaltilabildigi gézlemlenmistir.

Keywords: Solar air collector, conical spring, fuzzy logic, modeling, outlet temperature, thermal efficiency.

1. INTRODUCTION With advancing technology, it is a well-known fact that
Electronic components are structures that perform their ~ the heat loads of electronic components have increased.
functions through the electric current passing through ~ Despite the high heat loads, there are no radical changes
them. As a result, they emit heat to the surroundings. I the operating temperature limits of the components.

*Sorumlu Yazar (Corresponding Author)
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Traditional cooling methods are insufficient to meet the
rising power dissipation capacities of new electronic
components, leading to reduced performance and
shortened operational lifespans due to high operating
temperatures. Methods that can be considered to improve
heat transfer from electronic components include using a
different coolant, using a coolant at a lower temperature,
increasing the coolant flow rate, or increasing the heat
transfer surface area.

When considering the methods mentioned above, using a
coolant at a lower temperature is often not feasible, as the
coolant is typically either ambient air or derived from a
cooling system. While increasing the coolant flow rate is
somewhat possible, it is generally not preferred because
it usually results in system expansion. Increasing the heat
transfer surface area appears to be the best option. One of
the best methods for enhancing the surface area of heat
transfer is the use of metal foams. Because of their
surface area-to-volume ratio, which can reach up to
10,000 m*m3, metal foams have significant potential for
improving heat transfer. Additionally, because of their
structure, metal foams can cause turbulence by mixing
the flow, which can increase the heat transfer coefficient.
Metal foams can be soldered to cooling surfaces to
minimize thermal contact resistance while not
significantly increasing weight due to their high porosity.

Metal foams' high porosity and light structure give thw’
a high surface area-to-volume ratio, but they also make §
challenging to transport heat from the heat source glong
the foam's height. In this research, after validaj
numerical modeling of metal foams with exp
studies from the literature, the effect of meta

the cooling fluids.
1.1. Literature Review

vection in fibrous materials and
discovered heat transfer coefficient was
enhanced with rate. The study further demonstrated
that the thermal dispersion effect becomes much more
pronounced in flows with high Peclet numbers.
Additionally, they provided an empirical expression for
the thermal dispersion coefficient.

Calmidi's doctoral thesis [2] assessed the flow and heat
transfer capabilities of highly porous metal foams both
experimentally and numerically. The study examined
how metal foams' cell size and porosity (85-97%)
affected both heat transfer and flow resistance. Empirical
equations were proposed for parameters such as effective
thermal conductivity, solid-liquid interface heat transfer
coefficient, surface area density, form coefficient, and

permeability, which are required for the usage of metal
foams in porous media modeling. Additionally, the study
includes a section where the metal foams use with fins is
evaluated numerically.

Calmidi and Mahajan [3] conducted a study to examine
the effective thermal conductivity of highly porosed
metal foams. Their experimental investigation
demonstrated that both solid material and air-filled pores
influence thermal performance. Additionally, they
suggested an algorithm based on the metal foam porosity
to calculate the effective thermal conductivity. In another
study by Calmidi and Mahajan [4], it was shown that as
the flow rate increases, convective heatgransfer increases
significantly, albeit at the expense igher pressure
drops. They also proposed a relatio dispersion
thermal conductivity in the st
Boomsma et al. [5] i

n‘that efficient heat
ieved thank to their

[6] numerically
s with fins and found that
oved thermal performance under

transfer in small vol
high surface
analyzed rfie
the additB

open-cell aluminum foams under air
pund that higher flow rates significantly

reviews and refines empirical and analytical
s for predicting the effective thermal conductivity
efuminum metal foams. The paper focuses on models
for high-porosity foams (porosity > 0.89), which use
water and air as working fluids and have been validated
with experimental data. To improve the precision of
thermal conductivity predictions, it finds flaws in the
current correlations and adds calibrated empirical
constants. In order to better match model predictions with
experimental observations, updated mathematical
formulations are also suggested. The study's conclusion,
which emphasizes the importance of porosity and
structural features in the thermal design of foam-based
heat exchangers, is that complicated theoretical models
are not always more accurate than empirical models with
fitted parameters.

Mahjoob and Vafai [9] synthesized the thermal transport
and fluid models of metal foam heat exchangers and
demonstrated that optimizing the relationship between
porosity and flow rate provides higher efficiency.

Zhao [10] made a review study examining the effects of
highly porous open-cell metal foams on heat transport
with liquid and gaseous fluids and emphasized that low-
density foams offer energy efficiency. Mancin et al. [11]
examined the effect of height difference on heat transfer
of aluminum foams with a density of 20 ppi and found
that convective heat transfer improved as the foam height
increased.

Kim et al. [12] investigated the usage of metal foams in
LNG regasification systems and demonstrated that these
materials provide high performance even at low

mod



temperatures. Bayomy et al. [13] analyzed the metal
foam heat sinks performance using water flow in
electronic cooling systems with experimental and
numerical methods, finding that cooling efficiency was
improved because of the high surface area.

Kemerli [14] investigated the heat transfer and flow
performance of various cellular metallic structures,
including Kagome structures, using numerical methods.
In the study, which used air as the working fluid, it was
proven that heat transfer performance can be increased
by adding fins to metal foams. Additionally, the effects
of various pore structures and flow rates on pressure drop
and heat transfer were evaluated. The importance of
balancing pressure drop and thermal performance
enhancements in the use of cellular metal structures was
highlighted in the study.

Angirasa [15] investigates forced convection numerically
in metallic fiber materials used in high-performance heat
spreaders. The study forecasts the effects of thermal
dispersion and examines the impact of Reynolds and
Darcy numbers on heat transport. The results
demonstrate that the rate of heat transfer is significantly
influenced by fiber thickness, with rising Reynolds
numbers enhancing the heat transfer only up to a certain
point.

Odabaee and Hooman [16] evaluates the possible use of

metal foams for thermal regulation in fuel cells. Findingg

demonstrate that air-cooled fuel cell systems employifig
metal foam heat exchangers can attain comparable heg
dissipation with only half the pumping power requi
water-cooled systems. The research indicates théit me

Bhattacharya and Mahajan [17] exanf
driven convection in metal foam he

air friction,
Additionally,

for efficiency.
Chen et al.

er by increasing surface area and
augmenting fl ixing through tortuous flow paths. It
was indicated that metal foams may lead to an increased
pressure drop as a result of elevated flow resistance
within the porous structure. Especially in applications
with restricted pumping power or space, the authors
outline that pore density is essential for maintaining a
balance between heat transfer and pressure decrease.

Dai et al. [19] studied metal foam heat exchangers in
comparison to conventional multilouver heat exchangers.
Results of the study indicate that metal foam heat
exchangers exhibit thermal performance similar to that of
multilouver heat exchangers, despite their more
straightforward design. Aluminum foams enhance heat

transfer efficiency by augmenting the effective surface
area for heat exchange. It was stated that metal foam heat
exchangers possess reduced size and weight, rendering
them suitable for compact and lightweight cooling
applications. The increased pressure drop through metal
foam structures creates a challenge. The study indicates
that high heat transfer rates can be maintained while
reducing flow resistance through the use of thinner foam
layers and improved pore configurations.

De Jaeger et al. [20] evaluate the effects of four bonding
techniques—brazing, co-casting, epoxy bonding, and
press-fit—on the thermal contact resistance (TCR) of
open-cell aluminum foams. Experimeptal study reveals

greatest. The findingsg
reducing TCR to enhanee he

necessity of
r efficiency in

porosity exhibit superior
which makes them more
heat exchangers with airflow

perfofms better at transferring heat than ordinary metal
affi, particularly at higher Reynolds numbers.

Open-cell aluminum foams' thermal performance under
forced convection with a constant heat flux was
investigated by Dukhan et al. [23]. Their findings
indicate that the thermal entry length within these metal
foams exceeds the predictions of conventional flow
models, implying that traditional approaches might
undervalue the required size of heat exchangers. The
study also highlights how crucial it is to take non-Darcy
flow phenomena into consideration when designing
metal foam heat exchangers, especially at high Reynolds
numbers. Furthermore, the study shows that although
open-cell aluminum foams have a higher surface area and
hence provide better thermal performance, this increased
heat transfer efficiency is accompanied with higher
pumping power requirements.

Edouard et al. [24] provide a comprehensive review of
pressure drop models in metal foams, analyzing key
structural parameters including pore size, strut diameter,
and porosity. The study highlights the significance of
permeability in the design of foams for catalytic
applications and identifies inconsistencies across existing
literature. The authors argue that in order to increase
foam-based system performance and optimization,
improved models are required.

In metal foam strips with internal heat generation,
Hetsroni et al. [25] investigate natural convection.
According to their research metal foams can enhance heat
transfer by a factor of up to 20 compared to flat plates,



attributed to their large surface area and improved fluid
mixing. Additionally, infrared imaging reveals notable
non-equilibrium effects between the solid matrix and the
surrounding fluid.

In their investigation of natural convection in water-
saturated copper foams, Kathare et al. [26] find that
conduction is the main mechanism driving heat transfer
in metal foams, with convection only becoming more
significant at larger Rayleigh numbers. The study
emphasizes the potential of metal foams to better thermal
management through improved heat transfer mechanisms
and provides insightful information on their use in energy
storage system design.

Kim et al. [27] compare the performance of porous metal
fins with conventional louvered fins in heat exchanger
applications. Their analysis shows that while porous fins
provide superior structural strength and are easier to
manufacture, louvered fins result in lower pressure drops.
Besides, the study provides design correlations to help
optimize heat exchangers with porous fins, properly
balancing pressure drop and performance constraints.
For metal foam heat exchangers, Mahjoob and Vafai [28]
provide a synthesis of fluid and thermal transport models.
The study looks at the relationship between overall
performance and structural characteristics such fiber
diameter, pore size, and porosity. The authors also
present a performance factor that
compromise between pressure drop and heat transf®
showing that foam-filled heat exchangers are mor|
efficient and compact than traditional designs.
Mancin et al. [28] examine pressure drops
airflow through six different aluminum open-c

study, increased pore densities lead to
drops, whereas larger pore sizes i
The authors also offer a nowel

data and prior models.
Mancin et al. [30] investi

pores per inch
increased pre

the study reveals that while raising the foam height
enhances heat transfer, but the effect diminishes beyond
a certain threshold.

Mancin et al. [31] investigate the effect of foam height
on aluminum foam heat transfer performance. Taller
foam samples improve heat transfer, but this
improvement diminishes beyond a certain height,
according to their findings. The study provides insightful
information about how to enhance heat exchanger
performance by optimizing foam height.

Noh et al. [32] evaluate non-Darcy flow and heat
transmission in an annulus filled with aluminum foam.

maintains @

Their results demonstrate that, within laminar flow
utilizing an empty annulus, aluminum foam improves the
transfer of heat. The study also provides correlations for
friction factors and Nusselt numbers.

Salas and Waas [33] investigate convective heat transfer
in metal foam sandwich panels, focusing on their
potential applications in hypersonic and re-entry
vehicles. According to the experimental findings, heat
transfer is improved by increasing foam thickness, while
the improvement reaches a plateau for thicker foams.
Furthermore, a finite element model forecasts the panels'
performance with high accuracy, which is consistent with
the experimental results and configns the model's

reliability.
Sertkaya et al. [34] investigate the de and thermal
performance of open-cell i m heat

exchangers through Ar&ﬂc
modeling. In order to ¢
the Reynolds numb
pressure drop (AP), an
with pore densitj

meters such as

, and 30 PPI were examined
"= he results show that while
ve heat transfer, they also result

0.98614) with the results of the
gemonstrating its capacity to predict

g~off between hydraulic resistance and heat
pr efficiency. It also shows that ANN-based
ling is a useful method for improving foam heat
exchanger designs without the need for extensive
experimentation.

In this study, numerical investigation of the effect of
using metal foam and fins on heat transfer was conducted
for two fluids: a low thermal conductivity fluid (air) and
a high thermal conductivity fluid (water), considering the
influence of fluid velocity. To the best of the author's
knowledge, there is no study in the literature that
numerically or experimentally examines the use of metal
foam with fins in conjunction with water as the working
fluid and compares it with air.

2. METHODOLOGY

2.1. Computational Fluid Dynamics Analysis in
Porous Media

Since the flow analysis within the porous medium is
conducted for a single phase, the continuity equation
given in Equation (1) is used.

1)

dp .
SE +V(pv) =0

In the momentum equation used for modeling the flow
within the porous medium, there are two additional
source terms compared to the momentum equation used
for modeling flow in a homogeneous medium. The last
two terms on the right-hand side of Equation (2) are
source terms.
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These terms define the intrinsic, non-external effects
caused by the influence of the solid part on the flow. The
third term on the right-hand side of the equation
corresponds to the pressure loss due to viscosity, while
the fourth term represents the loss associated with inertial
drag.

The commercial software ANSY'S Fluent (Version 2022
R1) includes a default porous medium model. This model
solves the momentum equation using the source term
given in Equation (3).

®)

3 3
1 -
Si = - ZDU[IU] +Z Cuzplvlv]
j=1 j=1

The negative sign at the beginning of this equation
indicates the pressure loss, and the coefficients Djj; and Cj;
are calculated using 1/K and 2FAK respectively.

In the ANSYS Fluent software, for modeling heat
transfer in porous materials, it is possible to assume either

thermal equilibrium, where the solid and fluid are at ﬁ?

same temperature, or thermal non-equilibrium, where th
solid and fluid can be at different temperatures.
In this study, it was assumed that the solid and #Aui
the porous medium would not be in thermal equilibri

allows for the calculation of diff
temperatures within the same upit Volu
and (5) are used in this modekfyg, approach.

aTs (4)
EPsCp, F-l_
% ff.VTf

Equations (4)

r05r (TS = T7)

hs
aTs

5

(1 - 5),05
- hsfasf(TS - Tf)

In these equations, the superscript f represents the fluid,
while the superscript s represents the solid. The term hg
denotes the heat transfer coefficient between the fluid and
the solid, and o5 indicates the surface area density.

The solid effective thermal conductivity and fluid
thermal conductivity can be calculated using Equation
(6) according to Calmidi and Mahajan [3]. The solid
thermal conductivity has been set to zero for the fluid
effective conductivity, and the fluid thermal conductivity

is adjusted to zero for the solid effective conductivity
calculation. Calmidi and Mahajan [4] provide the surface
area density in Equation (7).

ke (6)

- —fz [1 - e=G-e/001] (7)
59d,)

Mahajan [4] have also proposed Equation
heat transfer coefficient between the fluid and

®)
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In this equation, ds represents the diameter of the metal
foam fibers. Calmidi and Mahajan [4] also noted in their
study that heat transfer in metal foams increases due to
advection. They mentioned that this effect is negligible
in flows with low Péclet numbers, whereas in flows with
high Péclet numbers, the contribution of advection
becomes significant. In the same study, the dispersion
conductivity is provided in Equation (9), and the steady-
state energy equations are given in Equations (10) and
(112).

ka _ 9)
ke

0= a (kse aTS) N d (kse 6T5)
T ox 0x dy dy

- hsfo-sf(TS - Tf)

U
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2.2. Validation Study

In this study, a validation effort was first conducted to
compare the results obtained from the ANSYS software
simulation of flow within metal foam. For validation
purposes, the test setup shown in Figure 1, established in
Kemerli U.'s doctoral thesis [14], was modeled using
ANSYS software. As specified in the referenced study,
the channel height was taken as 45 mm, the width as 63
mm, and the length where heat flux was applied as 114
mm. There is a metal foam section 55 mm before and 27
mm after the region where the heat flux is applied.
Additionally, to avoid inlet-outlet effects that could occur
before and after the metal foam section, the
computational domain was extended by 40 mm on both
sides.

constant heat flux

symmetry plane \

metal foam

In the prepared
1500 W/m? w

ith the reference study, while
assumed to be adiabatic. The
here the heat flux was applied was
selected as 9 to ensure compatibility with the
experimental stddy. The inlet air temperature was set at
30°C, and its specific heat capacity was 1006 J/kg K,
density was 1.1649 kg/m?, viscosity was 1.868e-5
kg/m.s, and thermal conductivity was 0.026341 W/m-K.
As in the reference study, aluminum was used as the
material for the metal foam and the channel, with a
thermal conductivity of 218 W/m-K.

There are 2.63 million mesh elements in the test setup's
mesh structure, as seen in Figure 2. The mesh's maximum
aspect ratio was 21 and its minimum orthogonal quality
was 0.10.

In the analysis, the fluid velocity was characterized as
rising in increments of 0.25 m/s from 0.5 m/s to 5 m/s.

Table 1 lists the characteristics of the metal foams
utilized in the reference study. Figure 3 shows the Fluent
software interface's specification of the metal foam
qualities.

twhe modeled test setup

ties of Jmetal foam provided in the study by [2]

Pore F K
Dia- (10'm?)
meter

(mm) | (mm)

0.35 2.58 | 0.088 0.9

0.9005 20
Y

Figure 3 demonstrates the process of inputting the Dj; and
Cjj coefficients derived from Equation (3), the o
coefficient from Equation (7), the hg coefficient from
Equation (8), along with the porosity of the metal foam,
into the Fluent software interface for porous media
modeling.

Viscous Resistance (Inverse Absolute Permeability)
Direction-1 [m] 11111111.11 e
Direction-2 [m™] 11111111.11 M
Direction-3 [m7] 11111111.11 M
Inertial Resistance
Alternative Formulation
Direction-1 [m™']| 586.67 h
Direction-2 [m™']| 586.67 -
Direction-3 [m™] 586.67 -
Power Law Model
co g -
C1g -
Fluid Porosity
Porosity 0.90035 e
Heat Transfer Settings

Thermal Model
Equilibrium

Solid Zone ez_non-share_fluid:poroz:010

Interfacial Area Density [m™] 1305.3 =
®/ Non-Equilibrium

Heat Transfer Coefficient [W/(m* K)] 126.48 -

Relative Viscosity

constant ~ || Edit...

1

Figure 3. Fluent parameters for refrigerant at 0.5 m/s air



Along with the "Coupled” method for pressure-velocity
coupling and a second-order discretization technique for
the discretization of momentum, energy, k, and epsilon
equations, the Realizable k-epsilon turbulence model and
for walls Enhanced Wall Treatment were employed.
Adiabatic boundary conditions were applied to all
external walls except the wall where the heating load is
defined.

The Nusselt numbers obtained from the analyses
conducted with different air velocities were compared
with the values from the study by Calmidi and Mahajan
[4]. The Nusselt number here was calculated along the
length of the porous medium, and the effective thermal
conductivity calculated using Equation 6 was taken as the
thermal conductivity. When calculating the Reynolds
number, the square root of the permeability was used as
the characteristic length. Figure 4 shows the comparison
of the experimental and numerical results of Calmidi and
Mahajan [4] with the results obtained in this study.

Metal Foam-Air
14,00
12,00 =
Pparss o
10,00 e
8,00
E
6,00 e
»
4,00 A
L g
2,00
0,00
0 10 20 3 40 50 6 70 8 90 100

Rey

=e—Current Study Calmidi Experiment Calmidi Numerical

Figure 4. Comparison of analysis results with

Calmidi did not conduct experi gr in his
study [2], but developed the co quation 9 for
dispersion conductivity using e study by

Hunt and Tien [1]. Figur
analysis results obtain
Tien [1] and the

30 35 40 45 50 60 65 70 75 80

ReyPr,

Current Study ~ ® Al H4 Hunt Experiment Al H4 Calmidi Numerical

Figure 5. Comparison of analysis results for metal foam H4
with the experimental results of [1] and the numerical
results of [2] - For water

2.3. Use of Metal Foams with Fins

In the study by Calmidi [4], empirical equations to
determine the parameters of metal foams were proposed
by conducting experiments with metal foams and air. In
this study, based on Calmidi's work, the test setup which
used in the study was modeled, and one of the metal
foams used in that study, with a porosity of 0.9005 and a
pore density of 20 PPI, was selected for use in this
research. The metal foam was placed in a channel with a
width of 40 mm, a height of 25 mm, and a length of 80
mm for validation purposes. A 100 mm gap was left at
both the inlet and outlet of the foam to allow for flow
development in the model. The heat lggd was defined as
50 W when air was used as the coolan

ure difference between the
heater surface and theNgoo jpfet for configurations
with no fins, onéWfi i
e results indicate that at low
pact of fin usage is minimal.
city increases, the fins' efficiency
t. Adding a second fin increases the
e metal foam, though its effect is less
the first fin. The addition of a third and
b yields diminishing improvements, with little

Reynolds humb

ater surface to the metal foam relative to the total heat
when air is used as the coolant. In the absence of fins,
nearly all the heat is transferred directly to the metal foam
and then dissipated to the air. When fins are added, a
portion of the heat is transferred to the metal foam via the
fins.

Figure 9 presents the temperature differences when water
is used as the coolant. In this case, the effect of fin usage
is more significant at low Reynolds numbers, but
diminishes as water velocity increases. The addition of a
second fin enhances the performance of the metal foam,
but its effect is less significant than the first fin. The
addition of a third and fourth fin results in diminishing
returns, similar to the air-cooled case.

Figure 10 shows that the amount of heat transferred from
the base increases as water velocity increases. Figure 11
demonstrates that the amount of heat transferred from the
base to the metal foam decreases with increasing water
velocity, and the rate of this decrease becomes steeper
with fewer fins.

Figure 12 displays the ratio of heat dissipated via the base
and fins through the metal foam. These results indicate
that as water velocity increases, the advection effect
allows the heat to be transferred directly to the water
without being conducted through the metal foam.
Additionally, despite a reduction in the amount of heat
transferred to the metal foam at the same water velocity
with added fins, the base temperature is observed to
decrease. This suggests that the fins not only transfer heat



to the water but also allow for more efficient conduction
throughout the height of the metal foam.
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3. RESULTS AND DISCUSSION

The small weight and high surface-to-volume ratios of
metal foams with high porosity offer great promise for
enhancing heat transfer. This study examined the heat
transfer performance of metal foams separately for
situations in which fins were utilized with air and water
as the working fluids.

The results indicate that in cases where the fluid is air,
adding fins provides the lowest performance
enhancement at low air velocities, while as the air
velocity increases, the addition of fins significantly
enhances the rate of heat transfer. Conversely, when
water is used as the working fluid, adding fins enables a
higher rate of heat transfer at low water velocities,
although this rate of increase diminishes as the water
velocity rises.

The concept of using fins with metal foams arises from
the inability of the foams to effectively transmit the heat
they draw from the heat source over their height. At low



air velocities, heat cannot be effectively extracted
through the metal foam fibers, allowing the foam to
transport the heat it receives more efficiently along its
height. Therefore, it is assessed that the use of fins would
be less beneficial at low air velocities. As the air velocity
increases, more heat will be drawn through the fibers,
which will then be less effective in transmitting heat over
the height of the foam. In such scenarios, the use of fins
contributes to the transmission of heat drawn from the
heat source along the height of the metal foam. Hence, as
air velocities increase, it becomes possible to achieve
more effective heat transfer through the use of fins.

In cases where water is used as the working fluid, the
metal foam can only transport the heat it receives from
the source over very short distances due to the small fiber
diameters. In other words, a significant portion of the
height of the metal foam remains unused. As a result, the
use of fins at low velocities facilitates a higher rate of heat
transfer, enabling improvement. However, as water
velocities increase, the effectiveness of the fins decreases
because the thickness of the fins begins to become
insufficient to carry the heat further.

SYMBOLS

ds Fiber diameter [m]
dp Pore diameter [m]

het Solid-fluid interfacial heat transfer coefficient ..

[WImK]

F Form factor

ks Thermal conductivity coefficient of fluid
[WImK]

Ks Thermal conductivity coefficient of soli
[WImK]
Ke Efective thermal conductivity coeffith
[WImK]

K Permeability [m?]
Nuss  Nusselt number betw:
Pr. Effective Prandtl num
Rek
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