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ABSTRACT 

The aim of the present research work is to understand the intricacies of fluid 

flow through a rectangular channel that has been partially filled with a metal 

foam block of different blockage ratio (0.16-1), with a pore density (5–30 

Pores Per Inch i.e. PPI), along with varying inlet velocity (6.5–12.5 m/s). For 

the porous region, numerical solutions are acquired using the Darcy Extended 

Forchheimer model. The Navier-Stokes equation is used in the non-porous 

zone. Different flow behaviours were seen as a function of PPI, height, and 

inlet velocity. The pressure drop increases with inlet velocity, PPI, and block 

height, with a maximum value of approximately 4.5 kPa for the case of 30 

PPI, 12.5 m/s, and a blockage ratio of 1. Results show that the existence and 

location of the formation of eddies depends on the inlet velocity, PPI, and 

blockage ratio. Such studies have been reported less and will aid research on 

forced convection through a channel partially filled with metal foam and 

optimisation studies between increased heat transmission and the additional 

pressure drop for the same by providing a detailed fluid flow analysis. 
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1. INTRODUCTION 

Metal foam is extensively researched in recent years 

owing to its high surface-to-volume ratio, resulting in 

improved heat transfer. (Abdedou & Bouhadef, 2015; 

Anderson et al., 2015; Chand et al., 2015; Kamath et al., 

2011; Mostafavi & Meghdadi Isfahani, 2017; Tikadar & 

Kumar, 2022; Li et al., 2023; Wang et al., 2023).  Heat 

exchangers that make use of metal foam are receiving 

considerable attention (Boomsma et al., 2003; Ejlali et 

al., 2009; T’Joen et al., 2010; Odabaee & Hooman, 2011; 

Han et al., 2012; Muley et al., 2012, Odabaee & 

Hooman, 2012; Chumpia & Hooman, 2014; 

Nithyanandam & Singh, 2022). Numerous studies have 

demonstrated that open-cell metal foam improves the 

transfer of heat at the expense of pressure drop in the 

flow direction. (Anuar et al., 2017). So, rather than a 

completely packed arrangement, partially packed can be 

used to achieve reduction in pressure drop along with 

enhancement in transfer of heat over empty 

configurations (Kurtbas & Celik, 2009). 

Hamadouche et al. (2016) performed experiments to 

study the drop in pressure and transfer of heat through a 

channel consisting of three aluminium foam blocks of 40 

pore density and 93% porosity arranged in a staggered 

fashion on the lower and upper walls. Air velocity of 1-5 

m/s with a constant thermal flux of 2 W/cm2 at the 

lower wall was maintained. Results showed that the 

transfer of heat is approximately 300% for foam-packed 

channels in. Anuar et al. (2018a) conducted a study for 

the flow behaviour of air through a rectangular channel 

that has been partially packed with an aluminium foam 

block of PPI (5/10/30) with inflow velocity (3.9/5.5/6.2 

m/s) and different blockage ratios using Particle image 

velocity and IR thermography techniques. The existence 

and location of recirculation zones vary for different 

values of PPI, height, and inlet velocity. Maximum drop 

in pressure was observed in tunnel 1 with 

a blockage value of 0.39, inflow velocity of 6.2 m/s, and 

a PPI of 30. This value was around 150 Pa/m. Sener et al. 

(2016) experimentally studied the drop in pressure and 

transfer of heat in a channel packed with aluminium 

foam. Reynolds number was maintained in the range of 

968<𝑅𝑒𝐷ℎ< 29624 with air as a working fluid. For both 

laminar and turbulent flows, empirical equations are 

derived from experimental results. For a completely 

filled channel, the Thermal enhancement factor(TEF) is 

higher for 20 PPI than 10 PPI and for a partially packed 

case, TEF is always higher for 10 PPI. Lu et al. (2016) 

conducted an analytical investigation of the forced 

convection heat transmission and fluid flow behaviour in  
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NOMENCLATURE 

𝐶𝐹 Forchheimer coefficient  𝑈 non-dimensionalized Streamwise velocity 

𝑑𝑓 fiber diameter  𝑢𝑖
′ fluctuation in mean velocity 𝑢𝑖 

𝑑𝑝 pore diameter  𝑢𝑠 streamwise velocity 

𝑓 friction Factor  𝑢0 inlet velocity 

H height of channel  W width of tunnel 

h height of metal foam  WT wind Tunnel 
ℎ

𝐻
 blockage ratio  w width of foam 

𝐾 permeability  Y non-dimensional transversal coordinate 

k turbulent kinetic energy  𝜀 rate of energy dissipation 

L 
distance between the sections were pressures 

are measured for calculation of pressure drops 
 𝜇𝑒𝑓𝑓 effective viscosity 

𝐿𝑇 tunnel length  𝜇𝑓 viscosity of fluid 

l foam length  𝜇𝑡 turbulent viscosity  

PPI Pores Per Inch  𝜌𝑓 density of fluid 

p pressure  𝜈 kinematic viscosity 

∆p pressure drop across distance L  ∅ porosity 

 

a parallel plate channel that was partially packed with 

metal foam of different porosities, PPI, and blockage 

ratio with constant thermal flux at the base. The 

transmission of heat and fluid motion depends on foam 

height. The temperature and velocity distributions were 

shown for the channel. Anuar et al. (2018b) conducted 

experiments to study the pressure and fluid motion for a 

rectangular channel that was partially packed with 

aluminium foam block for different inflow velocities, 

blockage ratio, and PPI using hot-wire anemometry and 

Laser Doppler Anemometry (LDA). Results were 

compared to those of the same size solid block. 

Kuznetsov (1996) analytically studied the fluid motion 

for different channels partially packed with porous 

media, considering the change in shear stress at the 

interface of clear fluid and porous media. Here, velocity 

profiles for different values of Darcy numbers were 

discussed with the implication of shear stress increment 

at the interface on them. Mancin et al. (2010) studied the 

fluid motion and heat transmission of air through 

Aluminium foam with 20 mm and 40 mm heights, 

constant porosity, 5-40 PPI, and 25, 32.5, and 40 kW m2⁄  

heat fluxes with variation in inlet velocity. The influence 

of velocity, height, and PPI on pressure reduction and 

global heat transfer was emphasized. The highest 

pressure loss was observed for the 40 PPI with 40 mm 

height and the least for 5 PPI foam with 20 mm height. 

Diani et al. (2014) considered a numerical study of 

airflow through high porosity metal foams having 

different PPI with almost the same porosity. It was 

reported that the pressure loss increases with inflow 

velocity and pore density. Xu et al. (2011) analytically 

investigated the fluid motion and heat transmission 

through a parallel plate channel that was partially packed 

with metal foam. Mass flow fraction in the metal foam 

region is highly driven by the hollow ratio, with a hollow 

ratio less than 0.3 giving superior performance compared 

to an empty channel. 

Kouidri and Madani (2016) experimentally 

investigated the fluid flow behaviour of water through a 

heat exchanger packed with various foams (Copper, 

NiFeAlC, and Inconel). These samples are identical in 

terms of pore density (20 PPI) and pore size (1200 m), 

but they vary in ligament diameter and level of 

roughness. The pressure drops were analyzed for 

Copper(smooth), NiFeAlC(rough), and Inconel(highly 

rough) foams, pressure drops were more for the rougher 

one. Trilok et al. (2021) studied the fluid motion and heat 

transmission numerically through metal foam positioned 

in the center of a vertical channel. Here length, PPI, and 

porosity of foam are varied which resulted in different 

values of heat transmission and pressure losses. 

Moreover, the TOPSIS method was employed in order to 

balance pressure reduction and heat transfer. Shuja and 

Yilbas (2007) studied fluid motion and heat 

transfer numerically through a fixed width vertical 

channel with a rectangular porous block of different 

aspect ratios (4/2/1/0.5/0.25) and Porosity (0.899/0.972) 

with constant thermal flux for the block. Results were 

compared with a solid block. Nusselt number enhances 

and the Grashroff number reduces as the aspect ratio 

increased and the heat transmission rate from the block 

improves for higher porosities. Sung et al. (1995) 

conducted a numerical study of pressure losses and heat 

transmission for forced convection cooling in the printed 

circuit board with porous inserts. For different values of 

Da, Re, S, and Rk, the highest temperature recorded at 

the heat source and the resulting pressure losses are 

demonstrated. Bidar et al. (2016) performed a numerical 

investigation for fluid motion and heat transmission 

through a vertical channel packed with metal foams of 

various materials and compared the results to an empty 

vertical channel. The pressure drops were higher for 

higher velocities and lower values of porosity. Overall 

Nusselt number was higher for the packed channel, 

compared to the empty channel. 

Jadhav et al. (2022) investigated heat transmission 

and flow of fluid through a circular conduit numerically, 

considering six different metal foam configurations. 

Aluminium foam of almost the same porosity (0.90-0.95) 

with PPI varying from 10 to 45 was considered and they 

were partially packed in the conduit to reduce the 

pressure drop while maintaining a constant thermal flux. 

The TOPSIS method was considered for balancing 
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pressure loss and thermal transmission. Liu et al. (2015) 

conducted an experimental parametric investigation for 

pressure drop and heat transfer coefficient for chilling 

supercritical carbon dioxide in tubes partially 

packed with foam, with different values of porosity 

(0.85/0.9/0.95) and PPI (20/40/60). As porosity 

increases, the heat transfer coefficient initially decreases, 

then increases, and the pressure drop decreases 

continuously. Heat transfer coefficient increases and 

pressure loss initially rise and then fall, with increase in 

pore density. Alkam and Al-Nimr (1999) performed a 

numerical investigation of the pressure loss and heat 

transmission in solar collector tubes that have porous 

substrates installed at the inner walls of the tubes. Nusselt 

number increased by 27 times with an increase of 15% to 

130% in efficiency but there was an increase in pressure 

drop by 32 times. Dukhan et al. (2015) performed an 

experiment on an aluminium foam cylinder with constant 

thermal flux at the wall. It was shown that higher flow 

velocities resulted in a longer thermal entry length. It was 

more realistic to assume non-equilibrium thermal 

conditions at the local level. 

From the above-mentioned literature, it is understood that 

more insights are required to understand the physics 

behind the fluid motion in configurations that are packed 

with metal foams in a partial manner. Most of the 

literature consists of forced convection through metal 

foam and optimisation studies related to increased heat 

transmission and the additional pressure drop in channels 

filled with metal foam. In the context of these studies, a 

comprehensive examination of fluid flow holds 

considerable importance, given its limited presence in the 

existing literature. Literature related to horizontal 

channels packed with metal foams in a partial manner is 

less reported. It is the role of the design engineer to 

consider the agreement between increased heat 

transmission and the additional pressure drop induced by 

metal foams in a partly foam-packed channel. This study 

examined numerically the behaviour of fluid flow 

through a rectangular channel packed with metal foams 

in a partial manner. The effect of inlet velocity, blockage 

ratio, and pore density on pressure drops and flow 

behaviour is shown. 

2. PROBLEM STATEMENT AND METHODOLOGY 

A wind tunnel (WT) with a horizontal orientation is 

considered, which is partially packed with metal foam 

(Anuar et al., 2018a). The foam is affixed to the WT's 

lower wall. The dimensions of WT are 1200 mm (𝐿𝑇), 

320 mm (W), 320 mm (H) and of metal foam are 270 mm 

(l), 320 mm (w), height (h). h is considered as 0.16, 0.25, 

0.5, 0.75 & 1 times of H in this study. In the present 

investigation, the length of WT is 1200 mm, and the 

foam is 270 mm, so the entrance and exit effects on the 

flow are eliminated. Three different velocities 6.5, 9.5, 

and 12.5 m/s are taken at the inlet. The Reynolds 

numbers for this study is in the range of 135,000-265,000 

for the velocity range of 6.5-12.5 m/s. For foam, 5, 10, 

and 30 PPI are considered.  

 

 
Fig. 1 Front view of computational domain 

 

 

2.1 Computational Domain, Mesh and Boundary 

Conditions 

To capture the pressure at the flow sections of WT, a 

three-dimensional domain is considered over a two-

dimensional domain. The front view of the domain is 

shown in Fig. 1 for better understanding. To obtain a 

superior solution incorporating fewer cells, finite number 

of Hexahedral cells are used to discretize the domain. For 

the boundary conditions at the entrance and the outlet, 

velocity and the pressure of fluid are specified 

respectively. Different velocities 6.5-12.5 m/s at the 

entrance, and 1 atmospheric pressure at the outflow 

section are considered. Interior type condition is given at 

the clear fluid-metal foam interface i.e. shear stress is 

continuous at the interface, as suggested by many 

researchers (Kotresha & Gnanasekaran, 2020; Jadhav et 

al., 2021). 

2.2 Numerical Approach 

Commercially available ANSYS FLUENT software 

is used to do the three-dimensional numerical simulation 

with working fluid as Air. For the clear fluid and metal 

foam region the viscous-standard k-epsilon (2 equation), 

standard wall function model is used (Narasimmanaidu et 

al., 2021). The zones of clear fluid and metal foam, are 

both subjected to fluid flow. The assigned governing 

equations for the clear fluid region are the same as the 

empty channel flow. The metal foam region's governing 

equations include the terms of foam drag, permeability, 

and porosity. In the present study turbulent flow is 

considered inside the metal foam, based on the value of 

the permeability-based Reynolds number. The flow 

becomes turbulent when permeability-based Reynolds 

number is >100 (Nield & Bejan, 2005).we have consider 

the following set of governing equations for the metal 

foam zone: (Kotresha & Gnanasekaran, 2020; Jadhav et 

al., 2021) 

Continuity Equation: 

𝜕(𝜌𝑓∅𝑢𝑖)

𝜕𝑥𝑖

= 0 (1) 

Momentum Equation: 

𝜕(𝜌𝑓𝑢𝑖𝑢𝑗)

𝜕𝑥𝑗

= −∅
∂𝑝

∂𝑥𝑖

+
𝜕

𝜕𝑥𝑗

((𝜇𝑓 + 𝜇𝑡) (
𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕𝑢𝑗

𝜕𝑥𝑖

))

− ∅ (
𝜇𝑒𝑓𝑓

𝐾
𝑢𝑖 +

𝜌𝑓𝐶𝐹

√𝐾
𝑢𝑢𝑖) 

(2) 
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Table 1 Properties of Metal foams (Anuar et al., 

2018a) 

Parameters Values 

Pore density(PPI) 30 10 5 

Porosity,∅(−) 0.94 0.91 0.92 

Permeability,𝐾 ∗
10−7(m2) 

0.37 1.65 2.61 

Fiber diameter, 𝑑𝑓(m) 0.00027 0.00044 0.0011 

Pore diameter, 𝑑𝑝(m) 0.00087 0.0026 0.0058 

 

Table 2 Grid independence study 

Number of elements Inlet pressure (Pa) 

204800 59.35 

245760 58.98 

307200 58.62 

409600 58.66 

614400 58.97 

 

Table 3 Validation with experimental results 

Inlet 

Velocity, 𝑢0 (
m

s
) 

Pressure Gradient, 
∆p

L
 (

Pa

m
) 

Present 

work 

Experimental 

work (Anuar et 

al., 2018a) 

6.5 51.5 47 

9.5 108 100 

12.5 186 180 

 

Turbulent kinetic energy equation: 

𝑢𝑗

𝜕𝑘

𝜕𝑥𝑗

= −𝑢𝑖
′𝑢𝑗

′
𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕

𝜕𝑥𝑗

(
𝐾𝑚

𝜎𝑘

𝜕𝑘

𝜕𝑥𝑗

) − 𝜀 (3) 

Rate of energy dissipation equation: 

𝑢𝑗

𝜕𝜀

𝜕𝑥𝑗

= −𝐶𝜀1

𝜀

𝑘
𝑢𝑖

′𝑢𝑗
′

𝜕𝑢𝑖

𝜕𝑥𝑗

+
𝜕

𝜕𝑥𝑗

(
𝐾𝑚

𝜎𝜀

𝜕𝜀

𝜕𝑥𝑗

)

− 𝐶𝜀2

𝜀2

𝑘
 

(4) 

Effective viscosity: 

𝜇𝑒𝑓𝑓 = 𝜇𝑓 (5) 

Where, 

𝜇𝑡 = 𝜌𝑓𝐶𝜇
𝑘2

𝜀
, 𝐾𝑚 = 𝜈 [1 + (

𝐶𝜇

𝜈
)

𝑘

𝜀0.5]
2

 

Where, 

𝐶𝜇 = 0.09; 𝜎𝑘 = 1.0; 𝜎𝜀 = 1.3; 𝐶𝜀1 = 1.44; 𝐶𝜀2 = 1.92; 

𝐶𝐹 = 0.00212 ∗ (1 − ∅)−0.132 ∗ (
𝑑𝑓

𝑑𝑝

)

−1.63

 (6) 

For early convergence, the Green-Gauss Node based 

as gradient and the coupled scheme for pressure velocity 

coupling are considered. So, as compared to other 

schemes the computational time is reduced with the same 

accuracy in the final results. For the residuals i.e. 

continuity, and velocities, the convergence criteria are set 

as 10−4. The properties of metal foam selected for 

numerical study are mentioned in Table 1. 

2.3 Grid Independence Study 

An integral aspect of any numerical solution is 

investigating grid independence. Here, the mesh is 

refined until the change in the results comes within the 

tolerance limit and further refining increases only the 

computational time without much change in results. Such 

a solution is called a grid-independent solution. In the 

present study, elements of 204800, 245760, 307200, 

409600, and 614400 are considered. The inlet pressure 

does not change much for this range of the number of 

elements as shown in Table 2; so, 307200 elements have 

been considered to avoid higher computational time as 

required for the larger number of elements for the same 

accuracy in results.  

3.  RESULTS AND DISCUSSION  

3.1 Validation with Experimental Results 

To validate the method, a 5 PPI metal foam block of 

0.16 blockage ratio with 6.5, 9.5, and 12.5 m/s inlet 

velocities are considered. The validation is shown in 

Table 3, the pressure gradient is considered and validated 

(Anuar et al., 2018a). 

3.2 Velocity Profiles 

Figure 2-4, illustrates the change of normalized 

stream-wise velocity, 𝑈 along the non-dimensional 

transversal coordinate, Y with variation in PPI for 
ℎ

𝐻
=

0.5 at inlet velocities of 6.5, 9.5, and 12.5 m/s, 
respectively. It can be observed that the values of 𝑈 and 

velocity profiles are almost the same even though the 

inlet velocity is changing for a particular flow section, 

PPI, and blockage ratio. 

 

 
Fig. 2 Velocity Profiles for different PPI at different 

axial location for 
𝒉

𝑯
= 𝟎. 𝟓 and 𝒖𝟎=6.5 m/s 
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Fig. 3 Velocity Profiles for different PPI at different 

axial location for 
𝐡

𝐇
= 𝟎. 𝟓 and 𝐮𝟎=9.5 m/s 

 
Fig. 4 Velocity Profiles for different PPI at different 

axial location for 
𝒉

𝑯
= 𝟎. 𝟓 and 𝒖𝟎=12.5 m/s 

 
Figure 2 and Figs 5-7 show the variation of 

normalized stream-wise velocity 𝑈 along the non-

dimensional transversal coordinate, Y with variation in 

PPI at 6.5 m/s entrance velocity for blockage ratios of 

0.5, 0.16, 0.25, and 0.75 respectively. At the section 

where the foam block starts (z=0.465 m), there is a sharp 

decrease in normalized stream-wise velocity 𝑈 at the 

clear fluid-porous interface, regardless of the inlet 

velocity, blockage ratio, and PPI because due to 

resistance to the flow offered by the block, at z=0.465 

more quantity of fluid will move to the clear fluid region 

above the metal foam block than the metal foam. This 

conclusion is consistent with the results shown in the 

experimental work (Anuar et al., 2018a). 

For the flow section at the center of the foam (z=0.6 

m), 𝑈 in the clear fluid region above the metal foam  

 
Fig. 5 Velocity Profiles for different PPI at different 

axial location for 
𝒉

𝑯
= 𝟎. 𝟏𝟔 and 𝒖𝟎 =6.5 m/s 

 

 
Fig. 6 Velocity Profiles for different PPI at different 

axial location for 
𝒉

𝑯
= 𝟎. 𝟐𝟓 and 𝒖𝟎=6.5 m/s 

 

especially the top of the channel is greater than the 

velocity at z=0.465 m for the same Y because, as fluid 

travels through the metal foam, some fluid continuously 

flows from the metal foam's upper surface into the clear 

fluid region. Due to the similar reason, for the flow 

section at the end of the foam (z=0.735 m), 𝑈 in the clear 

fluid region above the metal foam especially the top of 

the channel is greater than the velocity at z=0.6 for the 

same Y. After the section z=0.735 m, the fluid in the 

clear fluid region above metal foam in the top portion of 

the channel expands due to which 𝑈 at the exit of the 

channel (z=1.2 m) in the top portion of the channel is 

lower than the velocity at z=0.735 for the same Y. 

Figure 2 and Figs 5-7 show that as the PPI increases, 

the normalized stream-wise velocity 𝑈 increases in the 

top portion of the channel for any flow section, inlet velocity 
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Fig. 7 Velocity Profiles for different PPI at different 

axial location for 
𝒉

𝑯
= 𝟎. 𝟕𝟓 and 𝒖𝟎=6.5 m/s 

 

and blockage ratio because as the PPI increases the 

resistance to flow through metal foam increases and more 

quantity of fluid will try to flow from the clear fluid 

region above the metal foam.   

Figure 2 and Figs 5-7 show that as the blockage ratio 

increases, the normalized stream-wise velocity 𝑈 

increases in the top portion of the channel for any flow 

section, inlet velocity, and PPI because resistance to flow 

by metal foam block increases. 

3.3 Velocity Contours, Pressure Contours and 

Streamlines 

Figure 8 shows the velocity contour, Pressure 

contour, and streamlines for 𝑢𝑠 = 12.5 m/s and 30 PPI 

for different blockage ratios. So, for a particular PPI and 

inlet velocity as the blockage ratio increases, the flow 

through the metal foam block is less deviated from the z 

direction especially in the lower part of the block, as the 

fluid is trying to flow from the shortest possible path 

inside the metal foam to have the least resistance during 

flow. Due to this eddies formation shifts more and more 

towards the outlet. 

Figure 9 shows the velocity contour, pressure 

contour, and streamlines for 𝑢𝑠 = 12.5 m/s and 
ℎ

𝐻
= 0.5 

for different PPI. So, for a particular inlet velocity and 

blockage ratio as PPI increases more quantity of fluid 

tries to go from the top of the block without entering it as 

resistance to flow through the block increases, due to 

which the deviation of the fluid flowing through the 

metal foam from the z direction increases resulting in the 

formation of eddies closer to the metal foam block. 

Figure 10 shows the velocity contour, pressure 

contour, and streamlines for 30 PPI and 
ℎ

𝐻
= 0.75  for 

different inlet velocities. So, for a particular blockage 

ratio and PPI, the resistance offered by the block is the 

same, as inlet velocity decreases, fluid has more time to 

bend and flow from above the block without entering it. 

So, more quantity of fluid tries to flow above the block 

without entering it due to which the fluid flowing 

through the metal foam is more deviated from the z 

direction resulting in the formation of eddies closer to the 

metal foam block. 

3.4 Pressure drop, friction factor and foam resistance 

coefficient 

The pressure drop calculated between the two 

sections (z=0.395 m and z=0.805 m) mentioned in the 

present study is due to four reasons (1) Friction to flow 

due to channel walls. (2) Acceleration of fluid due to an  

 

Fig. 8 Velocity contour, Pressure contour and streamlines for 𝒖𝟎=12.5 m/s and 30 PPI (a), (b) and(c) 
𝒉

𝑯
= 𝟎. 𝟐𝟓 

(d), (e) and (f) 
𝒉

𝑯
= 𝟎. 𝟓 (g), (h) and(i) 

𝒉

𝑯
= 𝟎. 𝟕𝟓 
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Fig. 9 Velocity contour, Pressure contour and streamlines for 𝒖𝟎 = 𝟏𝟐. 𝟓 𝒎/𝒔 and 
𝒉

𝑯
= 𝟎. 𝟓 (a), (b) and(c) 5PPI 

(d), (e) and (f) 10PPI (g), (h) and (i) 30PPI 

 

 

Fig. 10 Velocity contour, Pressure contour and streamlines for 30 PPI and 
𝒉

𝑯
= 𝟎. 𝟕𝟓 (a), (b) and(c) 𝒖𝟎 =

𝟔. 𝟓 𝒎/𝒔 (d), (e) and (f) 𝒖𝟎 = 𝟗. 𝟓 𝒎/𝒔  (g), (h) and (i) 𝒖𝟎 = 𝟏𝟐. 𝟓 𝒎/𝒔 

 

decrease in flow area at the section where the porous 

block starts (z=0.465 m). (3) De-acceleration of fluid due 

to an increase in flow area at the section where the 

porous block ends (z=0.735 m). (4) Losses at the metal 

foam's top surface and Form drag, Skin-friction drag 

caused by ligaments. 

So, formulation for pressure drop is shown in the 

following equations (Anuar et al., 2018a): 

∆𝑝 = ∆𝑝𝑐ℎ𝑎𝑛𝑛𝑒𝑙 + ∆𝑝𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 + ∆𝑝𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛

+ ∆𝑝𝑓𝑜𝑎𝑚 
(7) 

= 𝑘𝑐ℎ𝑎𝑛𝑛𝑒𝑙 ∗
𝜌𝑓𝑢0

2

2
+ 𝑘𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 ∗

𝜌𝑓𝑢0
2

2

+ 𝑘𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 ∗
𝜌𝑓𝑢0

2

2
+ 𝑘𝑓𝑜𝑎𝑚

∗
𝜌𝑓𝑢0

2

2
 

(8) 

Where, 

𝑘𝑐ℎ𝑎𝑛𝑛𝑒𝑙 = 𝑓1

𝐿

𝐷ℎ

 (9) 
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𝑘𝑐ℎ𝑎𝑛𝑛𝑒𝑙  is the channel resistance coefficient and 𝑓1is the 

friction factor for an empty channel that can be 

determined by use of the Darcy-Weisbach formula. Here 

even though a portion of channel’s lower wall is removed 

by the base of the block, its effect on the total pressure 

drop will be negligible.  

In a partially packed channel, the resistance to flow 

due to sudden contraction and sudden expansion is 

significant unlike in the case of a completely packed 

channel by foam where these resistances become 

negligible in front of the foam resistance. The formulas 

for the resistance coefficient of sudden contraction and 

expansion are shown in Eqs. (10) and (11):  

𝑘𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
1

2
∗ [1 − (

𝐻 − ℎ

𝐻
)

2

]

2

 (10) 

𝑘𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 = (1 −
(𝐻 − ℎ)

𝐻
)

2

 (11) 

𝑘𝑓𝑜𝑎𝑚 is the foam resistance coefficient, it accounts for 

the foam drag, shear drag, and viscous drag of metal 

foam, as well as minor loses above the foam in the clear 

flow region. So, from Eqs. (8), (9), (10) and (11) we can 

write the following equation: 

𝑘𝑓𝑜𝑎𝑚 =
2∆𝑝

𝜌𝑓𝑢0
2

− 𝑓1

𝐿

𝐷ℎ

−
1

2
∗ [1 − (

𝐻 − ℎ

𝐻
)

2

]

2

− (1 −
(𝐻 − ℎ)

𝐻
)

2

 

(12) 

 The formulation for friction factor of the channel 

packed with metal foams in a partial manner is shown in 

equation (Anuar et al., 2018a): 

𝑓 =
2∆𝑝𝐷ℎ

𝜌𝑓𝑢0
2𝐿

 (13) 

Figure 11 and Fig. 12 show the pressure gradient 

variation with blockage ratio for various entrance 

velocities and pore densities. The pressure gradient 

increases with inlet velocity for a particular blockage 

ratio and PPI, as the resistance to flow due to metal foam, 

channel walls, sudden contraction, and sudden expansion 

increases. For a given inlet velocity and PPI, the pressure 

gradient rises as the blockage ratio increases, as the 

resistance to flow due to metal foam, sudden contraction, 

and sudden expansion increases. For the spectrum of 

blockage ratios addressed in the present work, the pressure 

gradient grows with increasing PPI for a given inlet 

velocity and blockage ratio, as the resistance due to metal 

foam increases. In some literature (Anuar et al., 2018a), 

for a lower blockage ratio the pressure gradient reduces 

with PPI for a particular inlet velocity. 

Figure 13 illustrates the change in friction factor 

with blockage ratio for different inlet velocities and pore 

densities of metal foam, where 𝑓 is calculated from Eq. 

(13). 𝑓 reduces with entrance velocity for a particular 

blockage ratio and PPI, for the cases considered in Fig. 

13. For a certain inlet velocity and PPI, 𝑓 increases with 

blockage ratio. For a given inlet velocity and blockage  

 

 
Fig. 11 Pressure gradient variation with blockage 

ratio for 
𝒉

𝑯
= 𝟎. 𝟏𝟔 and 

𝒉

𝑯
= 𝟎. 𝟐𝟓 

 

 
Fig. 12 Pressure gradient variation with blockage 

ratio for 
𝒉

𝑯
= 𝟎. 𝟓 and 

𝒉

𝑯
= 𝟎. 𝟕𝟓 

 

  

Fig. 13 Friction factor variation with blockage ratio 

for 
𝒉

𝑯
= 𝟎. 𝟓 and 

𝒉

𝑯
= 𝟎. 𝟕𝟓 
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ratio, 𝑓 increases with PPI for the range of blockage 

ratios addressed here. 

Figure 14 shows the variation of  𝑘𝑓𝑜𝑎𝑚 ∗
𝐷ℎ

𝐿𝑓
 with 

blockage ratio for metal foam with varying inlet 

velocities and pore densities, where 𝑘𝑓𝑜𝑎𝑚 is calculated 

from Eq. (12). 𝑘𝑓𝑜𝑎𝑚  reduces with inlet velocity for a 

particular blockage ratio and PPI, for the cases 

considered. For a given velocity and PPI, 𝑘𝑓𝑜𝑎𝑚  

increases with the blockage. For a given velocity and 

blockage ratio, the coefficient 𝑘𝑓𝑜𝑎𝑚, increases with PPI 

in the range of blockage ratios studied here. 

 

 

Fig. 14 Resistance coefficient variation with blockage 

ratio for 
𝒉

𝑯
= 𝟎. 𝟓 and 

𝒉

𝑯
= 𝟎. 𝟕𝟓 

 

4. CONCLUSION 

Numerical modelling of the behaviour of fluid flow 

through a rectangular channel packed with metal foams 

in a partial manner has been proposed. Variations in 

velocity profile, pressure drop, friction factor, resistance 

coefficient, and existence and location of formation of 

eddies for different inlet velocities, PPI, and blockage 

ratio were shown. The study concludes with the 

following findings. 

• Velocity profiles for normalized stream-wise velocity 

are almost similar for different inlet velocities but 

vary with PPI and blockage ratio. 

• The existence and location of the formation of eddies 

depend on PPI, inlet velocity, and blockage ratio. 

For higher PPI, lower inlet velocity, and lower 

blockage ratio, the eddies are formed closer to the 

metal foam block downstream of the foam. 

• An increase in pressure drop occurs with PPI, 

blockage ratio, and inlet velocity with a maximum 

value of approximately 4.5 KPa for the case of 30 

PPI, 12.5 m/s inlet velocity, and h/H=1. 

• For cases studied here, the friction factor and 

Resistance coefficient both rise with PPI and the 

blockage ratio but fall with inlet velocity. 
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