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Abstract: An open-cell metal foam gains a lot of interest from researchers due to its unique porous
structure, which provides high surface area and good tortuosity, as well as being lightweight. How-
ever, the same structure also induces a massive pressure drop which requires an optimum design to
suit applications, for example, a partially filled setup or staggered design. Thus, better attention to
the slip velocity at the interface between the porous structure and non-porous region is required to
maximize its potential, especially in thermal fluid applications. This study proposed a slip velocity
model of an open-cell metal foam by using a reverse engineering method and 3D printing technology.
A series of experiments and a dimensionless analysis using the Buckingham-Pi theorem were used to
compute the slip velocity model. Results show that the pressure drop increases with decreasing pore
size. However, the blockage ratio effects would be more significant on the pressure drop with foams
of smaller pore sizes. The proposed slip velocity model for an open-cell metal foam agrees with the
experimental data, where the predicted values fall within measurement uncertainty.

Keywords: slip velocity; 3D printed foam; metal foam

1. Introduction

An open-cell metal foam is a porous structure made of a solid matrix and intercon-
nected pores. It is classified as one kind of porous media, which is promising for diverse
applications such as thermal management [1], crash or sound absorption [2], and building
material [3]. Initially, the open-cell metal foam can be manufactured using conventional
methods such as foaming of melts by gas injection and solid-gas eutectic solidification.
Later in IR 4.0, with the development of additive manufacturing technologies (3D printing),
various objects could be produced faster and easier. Different kinds of material can also
be used to produce the object if its STL file (3D printing format file) is made available.
Hence, the unique microstructure of the open-cell metal foam can be produced using the
same technology [4]. However, its performance in the thermal-fluid application should be
well-understood before classifying it as a new generation of open-cell foam. Meanwhile, a
closed-cell metal foam has individual enclosures within the material, which also possess ex-
cellent characteristics such as optimal strength-to-weight ratio, reduced thermal expansion
coefficient, and excellent energy absorption [5-8]. The closed-cell foam also exhibits lower
density [9,10] and good damping properties [10]. As one would expect, the pressure drop
effects can be seen as the fluid flow passes through its complicated porous structure [11-13].
Thus, a partially filled design has been considered to minimize the effects. In the proposed
design, a pipe, duct, or any configuration is partly filled with a porous structure, creating
two main regions: (1) free stream and (2) porous regions. A small region in between those
two regions is called an interface region. Regardless of the outer geometries, the partially
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filled design causes the emergence of slip effects at the interface [14]. In a pioneering
work, Beavers and Joseph (B-]) [15] introduced the existence of slip velocity at the interface
between the metal foam and fluid regions. The study stated that tangential stress causes the
fluid to slide closely below the interface area when a viscous fluid passes by a porous struc-
ture. Thus, the velocity close to the interface region is called tangential slip velocity, which
is slightly higher than the pore velocity. The tangential slip velocity has been discussed
in many other studies of various porous media [16-18]. Using porous nickel metal foam,
B-J [15] established a boundary condition where the fluid slip velocity Us is proportional
to the shear rate at z = 0, and introduced a dimensionless quantity that is independent
of the height of the clear fluid channel and fluid viscosity [19]. Many other studies have
proposed various methods to acknowledge the interface boundary conditions by adapting
and extending the B-J theory. However, Ochoa-Tapia-Whitaker [20] considered a stress
jump at the interface region. The study used the volume averaging method to categorize
different regions on either side of the interface and obtained corresponding governing
equations. Similarly, Kuznetsov [21] extended the investigation by Vafai and Kim [22]
acknowledged the presence of stress jump at the interface. However, Kuznetsov [23] only
performed analytical solutions for a steady, fully developed laminar fluid flow without
experiment works. Meanwhile, Chandesris and Jamet [24] introduced a non-uniform phase
transition zone at the interface between fluid and porous medium, where the porosities are
considered to fluctuate rapidly. The boundary conditions were analysed in the study using
the matched asymptotic expansion method. It is concluded that the stress jump condition
is related to the pressure gradient, and the characteristics of the transition zone have an
important influence on the stress jump coefficient. Vafai and Kim [25] suggested that the
velocity and shear at the interface between the free stream and porous media should be
treated continuously.

In most research regarding a partially filled setup with a porous medium such as open-
cell metal foam, the numerical method [26-28] and analytical approach [29] are preferred
since the experimental works are tedious, time-consuming processes, and the material is
expensive. However, the complex flow phenomenon at the interface of open-cell metal
foam-fluid regions could not just be explained using continuity equations. Fluctuated slip
velocities at the interface should be expected due to the existence of secondary flow from
the porous region into the free stream region, which is influenced by the metal foam height,
length, and pore density [30]. Thus, adapting the conventional theory of slip or no-slip
conditions at the interface of metal foam fluids is inaccurate. Unfortunately, until recently,
there has been very limited experimental study on the slip velocity of open-cell metal foam.
There is no exact equation or model to specifically describe its interface condition. However,
a basic understanding of this matter is essential to maximize the benefits of pore-ligament
construction since the flow is anticipated to filled-in or pass through the entire porous
region. Thus, this study proposed a novel technique to predict the slip velocity model
of conventional open-cell metal foam by using 3D-printed open-cell foams with various
microstructural properties. The foams were produced using a Computed-Tomography (CT)
Scan and Selective Laser Sintering (SLS). The original small pore diameters of 5 PPI (pores
per inch) open-cell metal foam were upscaled to different sizes to estimate the changes
in flow velocity across the free stream region towards the interface region. The proposed
model will help to estimate the slip velocity of open-cell metal foam, which is difficult to be
measured experimentally because of the limited capacity of current measurement devices
in the industries and the complicated morphology of the metal foam itself.

2. Materials and Methods
2.1. Buckingham Pi theorem and Dimensionless Group

Since there are minimal studies on the slip velocity in the partially filled design with
open-cell metal foam, a dimensional analysis method can be used to generate nondimen-
sional parameters that may influence the slip velocity at the interface. This study performed
dimensional analysis using the Buckingham Pi theorem and conducted regression analysis
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using Excel software. In terms of geometric dimension, the 3D printed foams have the same
structure as the conventional open-cell metal foam since a CT-scan is used in producing the
printed foams. Furthermore, the material properties are assumed equal since the kinematic
similarity is achievable [31]. In dimensional analysis, the dimensionless groups can be
formed after defining the effective independent and dependent parameters. The relation-
ship between the slip velocity and the related parameters of a partially filled channel is
shown in Equation (1).

Us = f (Uintet, U0, pauia, Mavid he, he, di, dp, K, AP/AL) 1)

Note that the “Us” in Equation (1) is the slip velocity, “Ujne” is the air velocity
measured at the inlet of the test section, Uy is the air velocity that is initially set up in
unloaded wind tunnel, “pgyiq” is the air density, “ppyiq” is the dynamic viscosity of air,
“h¢” is the foam height, “h.” is the channel height, “d;” is the mean ligament diameter,
“dp” is the mean pore diameter, “K” is the permeability of the 3D printed foam, “AP” is
the pressure drop across the foam sample and “Al” is the foam length. The total number
of independent and dependent parameters, n = 11, which is tabulated in Table 1 and the
dimensionless groups can be derived into 8 Pi groups from three main dimensions, m =3,
while considering the reduction factor “k = n — m”. Three parameters were selected as
the repeating parameters, while the rest were considered prime parameters. The data in
Table 1 shows the exponent value of the parameters’ basic unit, as listed in the first row of
the table.

Table 1. Dimensional matrix for independent and dependent parameters.

; ; Us Uinlet Uo Pfluid Hluid he d dp K AP/Al
Dimension (ms—1) (ms—1) (ms-1) (kgm3) (kgm—1s-1) (m) (m) (m) (m?) (kgm—25-2)
Mass, M 0 0 0 1 1 0 0 0 0 1
Length, L 1 1 1 -3 -1 1 1 1 2 -2
Time, T -1 -1 -1 0 -1 0 0 0 0 -2

Below indicates an example of calculation steps to determine the dimensionless groups.

The first Pi group is defined in Equation (2), simplifying the understanding of parameters

and experimental setup. The letter a, b, and ¢ represent the unknown variables that can

be solved through homogeneity analysis between the basic units, M, L, and T, and the
proposed Pi group.

IT; = UsUinlet” Pfiuia"he® ()

Then, the selected parameters in relation to the Pi groups in Equation (2) are converted
in terms of the main dimensions (M, L, T).

I = (L/T)(L/T)*(M/L3)P(L) 3)

A dimensionless number, the homogeneity, is shown in Equation (4). Thus, the powers
of the dimensionless matrix (M, L, T) are equated and solved to find the unknown variables.

MOLOT%) = (L/T)(L/T)*(M/L~3)P(L)° (4)

Finally, the dimensionless group is obtained by deducing Equation (1) and inserting
all the unknown variables. The final form of the Pi group is shown in Equation (5). Note
that, in the final form of the Pi group, the total dimensional matrix should be equal to zero,
appropriate with the dimensionless calling.

1_[l =Us /Uinlet (5)

The dimensionless groups obtained from the dimensionless analysis are listed in
Table 2, where m; is a ratio of slip velocity with the velocity at the inlet of the test section,



Colloids Interfaces 2022, 6, 80

40f15

70 is a ratio between fixed air velocity (measured in empty channel cases) with the inlet
velocity, 73 is the Reynold number based on channel height, 74 is a dimensionless group
based on pressure gradient, 75 is a ratio of foam height with channel height or blockage
ratio, 7g is the ratio of pore diameter with channel height, 7y is the ratio of ligament
diameter with channel height and g is a ratio of permeability with channel height squared.

Table 2. Dimensionless 7t groups.

m-Group Parameter
U
Vis s
1 U; let
T 0
2 Uinlet
T3 Repe
AP
7'[4 Al )zhc
Uin]et P
5 %
C
U %
d
U4 Fl
- K
8 h.Z

2.2. Preparation of 3D Printed Foams

Different pore sizes of 3D printed foam samples were produced by upscaling the 5 PPI
open-cell metal foam to 2, 4, and 6 times larger than its original size. This study used three
foam heights (30, 60, and 90 mm) to build a partially filled set-up in a rectangular channel.
The process of producing the 3D printed foams is started by reconstructing the Computed
Tomography (CT)-scan image of 5 PPI open-cell metal foam. This study used AutoCAD
2022 software to reconstruct the CT scan images into the desired dimensions of 3D printed
foams, as listed in Table 3.

Table 3. Physical properties of porous foam.

Foam Physical Properties 3D Printed Foam ERG Duocel
(Nylon Powder) (Metal Foam)
Pore Size 2 scale 4 scale 6 scale 5 PPI
Ligament diameter, d; (mm) 2.28 4.54 6.80 1.13
Pore diameter, dp (mm) 11.55 23.10 34.60 5.77
Porosity, ¢ (-) 0.88-0.9 0.88-0.91 0.88-0.94 0.86
Permeability, K x 10~2 (mm?) 1.12-3.35 2.27-6.83 3.13-9.39 0.16
Foam height, h¢ (mm) 30, 60, 90 20
Blockage ratio, h¢/he 0.3,0.6,09 0.2
Foam length, L¢ (mm) 94.0 93.0

The foam properties could either be measured or calculated using the existing equation.
For example, the pore diameter (dp) and ligament diameter (d;) of the 3D-printed foam
can be measured using a vernier caliper. However, there are some irregularities on the
ligament surface (due to layering effects from the 3D printing process) and pore shapes,
resulting in various pore and ligament diameters up to a specific range for each scale-up
size. Thus, the mean sizes of the pore and ligament are presented in Table 3 instead of
using individual measurements. Meanwhile, the porosity of 3D printed foam, € could be
determined based on a ratio of Vyuiq with Vi, as listed in Equation (6) [32]. The Vyiq is
defined as the volume of empty spaces in the porous structure, calculated by subtracting
the volume of porous structure with the total volume.

V...
Porosity, ¢ = —void (6)
Viotal
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This study determined the permeability of the 3D printed foam by using the Forch-
heimer equation as shown in Equation (7) [33].

P _tyy M @)

Sdl KT UK
Equation (7) can be also expressed as Equation (8) [33].

AP

A =AU bU? (8)

Then, an analysis between the pressure drops per unit (foam) length, AP/Al with
velocity, Uy is performed to determine the coefficients, 2 and b. The analysis yielded a fit

with R? > 99.9% as shown in Figure 1.

1400

1200
—@— 4 Scale  ceeeceees Poly. (4 Scale)

1000

8

y = 93.878x?- 249.53x +225.95
R?=1

g 8

Pressure drop per unit length, AP/Al (Pa/m)
g

0.0 1.0 2.0 3.0 40 5.0
Velocity, Uo (m/s)

Figure 1. Example of pressure drops per unit length versus velocity (for the four scale) to determine
coefficients.

The permeability and inertial coefficient of the foam are determined by comparing
Equations (7) and (8), as shown in Equation (9) [33]. The Forchheimer equation is used to
calculate the permeability of a fully filled configuration with 100 mm foam height. Hence,
the permeabilities of foams with 30, 60, and 90 mm heights are estimated based on the
fractional of a fully filled setup.

_ K

5 ©)

K
K= o f
In this study, the 3D-printed foams are produced by printing the reconstructed porous
structure (STL, 3D image file) using the SLS. In the production process, the nylon powder
(FS3300 PA) was sintered and bonded together to create a solid structure, while the unfused
powder became the support. A very thin layer of powder was dispersed into a platform,
creating a bed of powder, and then, the bed was preheated beneath at the liquefying
point [34]. The printing process is done layer-by-layer, where the platform descends to
form a new layer of powder on the top once the sintering process using laser for the powder
layers is completed [35]. The nylon powder bulk density is 0.48 g/cm?, with a melting
point of 183 °C and the same material can be expected to break at 36% of elongation [34].
This study also experimented with conventional open-cell metal foam as a benchmark for
those 3D-printed foam samples. Figure 2a—c shows the surface morphology of CAD image,
3D-printed foam, and open-cell metal foam.
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o 55

b=1'5.mm
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Figure 2. Porous structure of open-cell foam: (a) CAD image; (b) 3D printed foam; and
(c) conventional metal foam.

2.3. Experimental Setup

The pressure drops and fluid flow behaviours were investigated in a small closed-loop
wind tunnel, as shown in Figure 3. The test section is made of borosilicate glass and Bakelite,
with a size of 100 mm (height) x 100 mm (width). An inverter (TECO Inverter F510) is used
to control the air velocity, which is supplied by a high-pressure blower (AIRSPEC, ARC
629, Power = 3.0 kW). A honeycomb structure was installed in the settling chamber of the
wind tunnel to produce more uniform air velocity where the fluctuations in the transverse
velocity as done by [36].

Honey Comb
Test section

Porous Foam

Air flow

Flexible Duct

Figure 3. Schematic diagram of close-loop wind tunnel setup.

A partially filled configuration was set up by placing 3D-printed foam in the middle of
the test section, as shown in Figure 4. The porous foam was positioned tightly close to the
borosilicate walls. A hot-wire anemometer (HT-9830; Accuracy: 3% + 0.2 m/s) was used to
measure the air velocity in the middle part of the test section and at the interface region
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(see Figure 4). Meanwhile, the pressure drops were measured by placing the pressure
taps at the leading and rear edges of the foam with a 10 cm gap. The measurements were
taken using a pressure sensor (Sensirion, 500 Pa; Accuracy: £3%). The installation of foam
heights of 30, 60, and 90 mm was considered in conducting slip velocity investigation that
enables the occurrence of an interface region (between a free stream and porous regions) for
a partially filled configuration in the wind tunnel. Meanwhile, the 3D printed foams with a
height of 100 mm are used in producing a fully filled configuration in the wind tunnel to
ensure the applicability of Forchheimer’s equation in predicting permeability. At various
inlet velocities from 1.0 to 5.0 m/s, ten foam samples with different pore sizes and heights
were tested in the middle of the wind tunnel test section. The effects of flow behaviour in
the free stream region and the pressure drops were examined.

m{et ) Foam length, Al= 10ecm .
| ! Middle !
1
| - —
— | | U_gj[ |
[ | Pl
| |
. |1 Interface e — — — i — — 1|~ 90mm  free stream
Ihe=100mm I ,
Ug; region
» | Porous fegion s | 60mm B
—_— it S |
[
I I Us'!:'p
— | | 30mm
I x |

Figure 4. Schematic diagram of the wind tunnel test section.

3. Results and Discussion
3.1. Pressure Drop Effect

The effects of pore size and foam height on the pressure drops at different measurement
points are shown in Figure 5. The data is tabulated in terms of pressure drop per unit
length, AP/ Al, on the y-axis while the inlet velocity, Ujyjer on the x-axis. The fluid flow in
the partially filled channel configuration has been restrained by the presence of a porous
structure at the middle part of the test section, affecting pressure drop values. The pressure
drop for each foam sample shows a similar trend inside the partially filled configuration
cases, where the pressure drops increase with the inlet velocity. Each point measurement
shows a similar pattern, with 2-scale foam showing a more significant pressure drop than
the other scales since it provides more ligament restrictions in the test section. The ligament
structure drove away the flow into the free stream area, reducing the total resistance effects
of the porous structure. A past study [37] used the Brinkman-extended Darcy model to
characterize the pressure drops performances of metal foam had the same trend as found
in this study. The pressure drops increase as the pore size decreases. The comparison
of pressure drops between 3D printed foams with 10 and 20 PPI open-cell metal foam
is shown in Figure 6. The pressure drop also shows a similar trend for both samples,
where the pressure drops increase with the inlet velocity and blockage ratio. However,
the 3D-printed foam illustrated a higher pressure drop than open-cell metal foam. The
blockage ratio of a porous sample shows a positively strong influence on the pressure drop
inside the wind tunnel. Therefore, the open cell metal foam with 20 PPI of pore size shows
an appealing finding as the pressure drop tends almost in line with the 3D-printed foam
with an upscaling pore the sizes of 4 and 6.
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Figure 5. Comparison of 3D printed foams’ pressure drops with different pore size and foam height.
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Figure 6. Comparison of pressure drops between 3D printed foam and conventional open-cell metal foam.

Figure 7 shows that the pressure drops are significantly influenced by the blockage
ratio. The fully filled setup (of 100 mm) has the highest pressure drop as compared to the
rest, and the partially filled configuration. The pressure drop results are also compared
to a cylindrical 3D-printed porous foam [38]. Even though the 3D-printed foam from
Bracconi et al. [38] was set up as a fully filled configuration, their pressure drop with a
smaller pore diameter of 5 mm is still lower than the 2-scale foam in the partially filled
channel. However, their experiment was conducted at a very low Reynold number regime,
Re < 50, meanwhile, the 2-scale foam was tested at a higher Reynolds number, larger than
5.86 x 103. It shows that the flow regime plays a more important role than pore diameter
on the pressure drop performance, where the effects of inertia would be prominent at a
higher flow velocity.
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Figure 7. Comparison of pressure drops between 3D printed foam and existing studies [38].

3.2. Inertial Coefficient

In this study, the inertial coefficient, f was determined by comparing Forchheimer‘s
quadratic polynomial equation with the experimental pressure drop gradient, AP/Al. The
inertial coefficient measures the drag experienced by the fluid that passes through the
porous structure flow and is expected to depend significantly on the pore diameter and
foam height. The ratio of pore diameter and foam height is selected as a dependent variable
for the inertial coefficient instead of the porosity, as the pore diameter is more affiliated
with this study’s foam characteristic. Furthermore, this study used a few different sample
heights in conjunction with the pore sizes. Figure 8 shows that the inertial coefficient is
inversely proportional to the pore diameter and foam height ratio. The lowest inertial
coefficient, 4.86 x 1073 recorded at the highest ratio of pore diameter and foam height, 0.77.

°
)
o
® o
.
. ®
e 18
o
..
® ..
“., ®
e - °
................. )
0.10 0.20 030 0.40 0.50 0.60 0.70 0.80 0.90
Opore/ht

Figure 8. Inertial coefficient plot against pore diameter per foam height.
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3.3. Fluid Behavior and Velocity Profile in Close Loop Wind Tunnel

The study constructed velocity profiles for various blockage ratios with different foam
scale sizes, from 2 to 6, as shown in Figure 9. The V1, V3, and V5 indicate the inlet velocities
in the tested wind tunnel, which are 1.0 m/s, 3.0 m/s, and 5.0 m/s, respectively. The
velocity data collected at 0.5 mm from the interface was assumed as the slip velocity. The
rest of the velocities were also measured up to the top wall of the test section. Figure 9
shows that the foam heights and inlet velocities affected the velocity profiles. Fewer data
can be found in the free stream region with the thickest foam. At a foam height of 30 mm
and inlet velocity of 1.0 m/s, the lowest velocity at the interface region is for 2-scale foam
compared to the 4 and 6-scale foams. However, the value increases with thicker foams of
60 mm and 90 mm. Interestingly, the inlet velocity of 3.0 m/s shows the lowest velocity
data at the interface compared to the other two, 1.0 and 5.0 m/s, regardless of the foam
heights. Thus, it shows that the capability of the fluid to flow inside the porous structure is
influenced by the size of the pore diameter and the incoming flow momentum to face the
porous structure. The highest velocity can be found at the centre of the free stream region,
with a foam height of 30 mm. However, with the thicker foams, the highest velocity was
found at the interface region, and the velocity started to become zero, as one would expect,
due to a no-slip condition on the top wall of the test section.
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Figure 9. Cont.
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Figure 9. Velocity profile of 3D printed foam with different pore sizes at foam height:(a) 30, (b) 60,
and (c) 90 mm.

3.4. Correlation of Slip Velocity for Partially Filled Channel

A correlation of slip velocity for a partially filled configuration with porous foam
is proposed by applying a regression analysis with the possible dimensionless groups
obtained from dimensional analysis. The key parameters considered in the dimensional
analysis are slip velocity, inlet velocity, the measured velocity at the free stream region, test
section height, foam height, pore diameter, ligament diameter, permeability, fluid density,
fluid dynamic viscosity, and pressure. The analyses were conducted using a trial-and-error
method with larger pore diameters due to the unfeasibility of producing smaller pore sizes
through 3D printing. The best conformity of the slip velocity model from the regression
analysis was presented in Equation (10). In the regression analyses, with the confidence
interval setup at 95%, the p-value is less than 0.05, and the adjusted R2 = 0.88. Thus, the
proposed slip velocity model statistically correlates with the experimental data as been
demonstrated in Figure 10. The slip velocity model for a partially filled channel with
open-cell metal foam is expressed as follows:

AP1.2 \ 046 0.44 031 0.34
2th _ h K
Us 1761 % Dl x (Rep,) % x (f> x (dl) < = (10)
Uinlet UlnletP hc he hg

The proposed slip velocity obtained from 3D-printed foams was used to determine
the slip velocity of the conventional open-cell metal foam. The result is shown in Figure 11,
which represents the slip velocity and inlet velocity ratio versus the dimensionless foam
characteristics length, a ratio of pore diameter and foam height. The predicted slip velocity
of the conventional metal foam is slightly lower than the experiments but falls within
the measurement of uncertainty. For further comparison, other studies that related to
the slip velocity and interface condition are also presented in Figure 11. A study by Nair
and Sameen [17] used two different porosities; 0.88 and 0.65 at a free stream velocity of
5.1 m/s and 3.88 m/s, respectively. It shows that both data are below the predicted model
of conventional metal foam.

An experimental study with a partially filled channel with conventional open-cell
metal foam of 10 and 30 PPI [39] scattered accordingly to the key parameter, pore di-
ameter per foam height and the predicted Us/Ujpe using the proposed models show
over-predicted and under-predicted values compared to their experimental data. Even
though the exact causes are still unknown, it is expected due to high slip velocity at the
interface from the presence of secondary flow in their studies. The slip velocity in the
present study is also compared with a numerical study from Jadhav et al. [40] with 10 and
45 PPI foam and analytical studies from Lu et al. [37] with 5, 10, and 20 PPI. Both numerical
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and analytical studies data set falls slightly higher than experimental conventional metal
foam in this study, 5 PPL The results are acceptable since a higher slip velocity is expected
to be found with smaller pore diameters as found in Figure 9, especially with significant
foam heights.
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Figure 10. Experimental versus predicted slip Us/Ujpet of 3D printed foam.
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Figure 11. Comparison of nomenclature of slip velocity versus pore diameter between experimental
data, predicted model, and existing literature [17,37,39,40].

4. Conclusions

This study presented a slip velocity model for open-cell metal foam in a partially filled
channel using 3D-printed foams produced using SLS. The model is built from a dimensional
analysis based on key parameters, for instance, ligament diameter, pore diameter, inlet
velocity, foam height, etc., to generate a dimensionless Pi group. The pressure drops
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across the partially filled channel were also considered to describe the inertia effects of
the complicated porous foam. The highest-pressure drop in the partially filled channel
was induced by 2-scale, 3D-printed foam with a height of 90 mm. Its foam structure with
more ligaments provides a higher flow resistance as compared to the other cases. The slip
velocity model was formulated using a regression analysis with the computed value of
adjusted R? = 0.86 and p-value < 0.05. The study found that the predicted and experimental
value of the slip velocity at the interface of open-cell metal foam is in agreement since
the predicted value falls within the measurement uncertainties. The proposed model can
determine the slip velocity of a partially filled channel with open-cell metal foam with a
pore diameter equal to and smaller than 5 PPI (5.77 mm).
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The following abbreviations are used in this manuscript:
CAD Computed Aided Design

SLS Selective Laser Sintering
CT Computed Tomography
PPI Pore Per Inches

Us Slip velocity

Uinlet Inlet velocity

Uy Original velocity in unloaded wind tunnel
h¢ Foam height

d; Ligament diameter

dp Pore diameter

h Channel/test section height
K Permeability

€ Porosity

AP/Al  Pressure drops per unit length
Ufluid Fluid viscosity

Pfluid Fluid density

Vyoid Void volume

Viotal Total volume (full solid)

f Inertial coefficient
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