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Convective heat transfer in porous channels with 90-deg turned flow
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Abstract

This study experimentally investigated the convective heat transfer and pressure drop in porous channels with 90-deg turned flow.
Aluminum foams with a porosity of 0.93 were used. The size of the aluminum foams was fixed. Variable parameters were the ratio
of the entry width to the porous sink height (Wj/H), the pore density of the aluminum foam (PPI, pore per inch) and the Reynolds num-
ber (Re). Experimental results reveal that the wall temperature was maximal at the corner under perpendicular flow entry. It fell along the
channel axis until x/H was about 1.0, finally approaching a constant value. Parametric studies indicate that increasing Re increased the
average Nusselt number (Nu) and the effects of Wj/H and PPI on Nu were negligible. The friction factor (Cf) generally declined as Re
increased, PPI decreased or Wj/H increased. Besides, increasing Wj/H or reducing PPI slightly increased Nu at a given pumping power.
Additionally, the heat transfer and pressure drop in porous channels with straight flow were also measured for comparison.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A porous metallic material can be treated as a compact
heat sink in electronic cooling applications. Such a porous
metallic material has two advantages: first, the porous
material has a much larger dissipation area than does a
conventional finned sink, promoting heat convection. Sec-
ond, the irregular structure of the porous materials, at suf-
ficiently large velocities, is responsible for the irregular
motion of the fluid flow. The flow separates around the
individual beads or fibers, mixing the fluid more effectively.
Therefore, the thermal dispersion conductivity greatly
exceeds the fluid thermal conductivity.

The measurement of heat transfer in porous media has
been studied extensively. Hunt and Tien [1] experimentally
measured forced convection in channels filled with various
porous foam materials. Their results demonstrated that the
dispersive transport increases with flow rate and permeabil-
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ity. Chou et al. [2] experimentally investigated forced con-
vection in horizontal square channels through packed
spheres. They found that the values of the fully-developed
Nusselt number are influenced mainly by the channeling
effect when the Peclet number is small, but the thermal dis-
persion effect becomes dominant when the Peclet number is
high. Hwang and Chao [3] measured heat transfer through
sintered bronze bead porous channels. Their measurement
covered the data in both thermal entrance and thermally
fully developed regions. They also introduced a wall func-
tion to model the transverse thermal dispersion process for
the wall effect on the lateral mixing of fluid. Calmidi and
Mahajan [4] experimentally and numerically examined
forced convection in highly porous aluminum foams, using
air as a cooling fluid. The empirical constants, such as the
solid-to-fluid heat transfer coefficient and the thermal dis-
persion conductivity, were determined by matching the
numerical results with their experimental data and those
in the open literature. Kim et al. [5] experimentally
explored the effect of aluminum foam on the flow and con-
vective heat transfer in an asymmetrically heated channel.
They provided a correlation of the friction factor and the
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Nomenclature

Cf friction factor, (pi � pe)/(0.5qfU 2
eÞ

Da Darcy number, K/H2

F inertial coefficient
H height of the porous medium (m)
Hb height of the spreader (m)
hv volumetric heat transfer coefficient (W/m3 �C)
K permeability (m2)
k thermal conductivity (W/m/�C)
L length of the porous medium (m)
Nu average Nusselt number, Eq. (3)
Nufs fluid-to-solid Nusselt number, hvH

2/kf
p pressure (Pa)
PPI pore density of the metal foam, pore per inch
qc convective heat flux (W/m2)
qk conductive heat loss (W/m2)
qr radiative heat loss (W/m2)
qt total heat flux generated by the thermofoil

heater (W/m2)
Re Reynolds number, qfUeH/l
s spacing between thermocouples
T temperature (�C)

U average fluid velocity (m/s)
W width of the porous medium (m)
Wj width of the perpendicular flow entry
x axial coordinate (m)

Greek symbols

e porosity
l viscosity (kg/m/s)
h dimensionless temperature, (T � Ti)/(qcH/kf)
q density (kg/m3)

Superscript

* effective

Subscripts

e channel exit
f fluid
i channel inlet
s solid matrix
w channel wall
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average Nusselt number to be a guide in practical applica-
tions. Boomsma et al. [6] experimentally studied pressure
drops and wall Nusselt numbers in compressed metal
foams. Fu et al. [7] and Leong and Jin [8,9] experimentally
investigated the heat transfer associated with steady and
oscillating flows in a channel filled with aluminum foam
or copper foam. The effects of the dimensionless amplitude
of displacement and dimensionless frequency of oscillating
flow were considered. They reported the porous channel
heat sink subjected to oscillating flow can be regarded as
an effective method for cooling high-speed electronic
devices. Bhattacharya and Mahajan [10] experimental
explored the forced convective heat transfer in novel finned
metal foam heat sinks. Their results showed that heat
transfer is significantly enhanced when fins are incorpo-
rated in metal foam. The heat transfer coefficient increases
with increase in the number of fins until adding more fins
retards heat transfer due to interference of thermal bound-
ary layers. Ko and Anand [11] carried out a series of
measurements to investigate the average heat transfer coef-
ficients in uniformly heated rectangular channel with wall
mounted porous baffles. In their experiments, the use of
porous baffles resulted in heat transfer enhancement as
high as 300% compared to heat transfer in straight channel
with no baffles. Jiang et al. [12] experimentally examined
heat transfer by forced convection in sintered porous chan-
nels. They indicated that the heat transfer enhancement
due to the sintered porous media intensifies sharply with
increasing flow rate. However, the effect of particle diame-
ter on the convective heat transfer in the sintered porous
media is not great. The works cited herein provide insights
into the heat transfer by porous metallic materials. The
results of these studies reveal that a porous material can
be used as an effective heat sink, possibly providing an
effective method for cooling circuit boards on which heat-
generating electronic components are mounted.

All of the aforementioned investigations had a typical
inlet flow direction that was parallel to the channel axis.
However, this is commonly not a realistic inlet configura-
tion for heat exchangers, in which coolant flow generally
turns through a serpentine-shaped passage before entering
the heat sinks. Accordingly, this work focuses on a different
issue, considering the case in which flow enters the porous
heat sink immediately following a 90-deg turn. Few studies
have addressed this issue. Chyu et al. [13] and Hwang and
Lui [14] measured the heat transfer coefficients at the sur-
face of fins and the uncovered endwall surface in channels
with pin-fin arrays and 90-deg turned flow, respectively. Fu
and Huang [15] numerically elucidated the promotion of
forced convection by a slot jet that impinges on a non-sin-
tered porous block mounted on an isothermally heated
wall, in which the jet flow turned toward the transverse
direction of the jet near the stagnation line. However,
experiments have not yet been conducted to determine
the heat transfer performance in porous metallic foam
channels with 90-deg turned flow. The streamline pattern
in a 90-deg turned channel is more complicated than that
in a straight channel. Fig. 1 presents the numerical result
of a typical streamline pattern associated with laminar flow
turned through 90-deg. Such a flow field normally includes
two vortices, which is consistent with the combination of
the flow characteristics of step flow and confined jet flow.



Fig. 1. Typical streamline pattern for the 90-deg turned flow.
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One is present next to the perpendicular flow entry, pro-
moting the transfer of heat on the bottom wall; the other
is generated at the corner under the perpendicular flow
entry, reducing the transfer of heat. These results motivate
this work.

This investigation addressed the convective heat transfer
and pressure drops in porous channels with 90-deg turned
flow. Aluminum foams with a porosity of 0.93 were
employed. The coolant was air. The size of the aluminum
foams was fixed. Variable parameters were the ratio of
the entry width to the porous sink height (Wj/H), the pore
density of the aluminum foam (PPI, pore per inch), and the
Reynolds number (Re). The heat transfer and pressure
drop in porous channels with straight flow were also mea-
sured for comparison. Additionally, the relationships of
both the average Nusselt number (Nu) and the friction fac-
tor (Cf) with Wj/H, PPI and Re were obtained, based on
the present experimental data.

2. Experimental setup

2.1. Test section and apparatus

The experimental system, presented in Fig. 2, comprises
three parts—a wind tunnel, a porous medium test section
and a data acquisition system. The wind tunnel is made
of 10 mm-thick Plexiglas plates. The main flow of air was
supplied using a blowing machine, and the flow rate was
controlled using a frequency inverter. After it passes
through a straightening section, the flowing air enters the
test channel from the perpendicular entries of various
widths or the straight entry of fixed height. The test chan-
nel made of 40 mm-thick Bakelite plates has a rectangular
cross section of 60 · 25.4 mm filled with 60 mm-long alu-
minum (alloy 6101-T6) foams with a thermal conductivity
of 218 W/m �C. A thermofoil heater was attached to the
inner surface of the bottom wall of the test channel. The
other walls of the channel were insulated. Aluminum foams
(as shown in Fig. 3) are typically available in high porosi-
ties and have an open-celled structure. Table 1 provides the
porous characteristics of the aluminum foams, such as the
permeability (K), the inertial coefficient (CF), the effective
solid conductivity (k�s ), etc. The K and CF values were
determined by the method reported by Hunt and Tien
[1]. The value of k�s was measured by performing a number
of one-dimensional conduction heat transfer experiments
(the test method can be found in Ref. [16]). The aluminum
foams with porosities of 0.93 have pore densities of 10 and
40 PPI (pores per inch). These aluminum foams were
brazed onto 3 mm-thick aluminum spreaders. Eight 36-
gauge T-type thermocouples were fixed to the bottom skin
of the spreader along the channel axis, as displayed in
Fig. 4. Seven other thermocouples were used to monitor
the ambient temperature, the air temperature at the chan-
nel inlet and the air temperature at the channel exit. A total
of 15 thermocouples were connected to the data logger.
The system was assumed to be in a steady state when the
temperature did not vary by over 0.2 �C during an interval
of 15 min. An anemometer was installed in the rear section
after the test section to measure the speed of the airflow,
and a pressure transmitter was utilized to measure the pres-
sure drop associated with the flow of air through the test
section.

2.2. Data reduction and uncertainty analysis

The measured fluid velocities, temperatures and pressure
drops were used to determine the dimensionless wall tem-
peratures, the Reynolds numbers, the average Nusselt
numbers and the friction factors, using

hw ¼ T w � T i

qcH=kf
ð1Þ

Re ¼ qfU eH
l

ð2Þ

Nu ¼ hL
kf

¼
X8
i¼1

s
hw;i

L
H

 !,
L ð3Þ

Cf ¼
pi � pe
0:5qfU

2
e

ð4Þ

where Tw is the temperature measured at the bottom skin
of the aluminum foam heat sink; Ti is the air temperature
at the channel inlet; H is the height of aluminum foam;
qc represents the convective heat flux; Ue represents the
average air velocity at the channel exit; s is the spacing be-
tween thermocouples; L is the length of aluminum foam,
and pi and pe are the static pressures at the channel inlet
and exit, respectively. The total heat flux (qt) generated
by the thermofoil heater may be transformed into three
heat-transfer modes in the steady-state experiment to eval-
uate the convective heat flux dissipated from the heated
surface, as determined by the conservation of energy. These
modes are, (1) radiative heat loss, qr; (2) conductive heat
loss, qk, and (3) convective heat dissipated from the heated
surface, qc. Accordingly

qc ¼ qt � qr � qk ð5Þ

This energy-balance equation determines the net convec-
tive heat flux (qc) from the heated surface to the flowing air
in the channel. The total heat flux (qt) is V

2/R. Herein, V is



Fig. 2. Experimental apparatus. (a) Flow channel with 90-deg turned flow and (b) flow channel with straight flow.
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the output voltage of the DC power supply and R is the
resistance of the thermofoil heater. The radiative heat loss
(qr) from the inlet and exit surfaces of aluminum foam to
its surroundings, is obtained using thermally diffusive
gray-body networks. The maximum radiative heat loss is
under 2.1% of the total input heat flux herein. The conduc-
tive heat loss (qk) to the insulated Bakelite is estimated
using a two-dimensional conduction models. The qk values
vary from 0.2% to 3.2% of the total input heat flux in the
experiments. Hence, the convective heat dissipated from
the heated surface (qc) can be determined, and the dimen-
sionless wall temperatures (hw) and the average Nusselt
numbers (Nu) finally calculated.

The standard single-sample uncertainty analysis, as rec-
ommended by Kline and Mcclintock [17] and Moffat [18],
was performed. Data supplied by the manufacturer of the
instrumentation stated that the measurement of flow velo-
city and pressure drop have a 1% error. The uncertainty in
the measured temperature was ±0.2 �C. The experimental
uncertainty in the convective heat flux (qc) was estimated
to be 2.4%. The experimental data herein reveal that the
uncertainties in the Reynolds number, the friction factor
and the average Nusselt number were 1.5%, 2.2% and
7.1%, respectively.
3. Results and discussion

The convective heat transfer, Nu, in the porous channels
with 90-deg turned air flow and isoflux heating on the bot-
tom wall (Fig. 4), is a function of several dimensionless
parameters and is given by

Nu ¼ Nu
L
H
;
W
H

;
W j

H
;Da;Nufs;Re

� �
ð6Þ

where (W · H · L) is the size of the aluminum foam heat
sink and is constant herein; Wj is the width of the perpen-
dicular flow entry; Da (�K/H2, where K is the permeabil-
ity) is the Darcy number; Nufs (�hvH

2/kf, where hv is the
volumetric heat transfer coefficient) is the fluid-to-solid
Nusselt number, and Re is the Reynolds number. There-
fore, Eq. (6) can be reduced to be

Nu ¼ Nu
W j

H
;Da;Nufs;Re

� �
ð7Þ

Herein, Wj, PPI and the mass flow rate are variable.
When PPI and the mass flow rate are fixed, increasing Wj

enlarges the perpendicular-flow region (as presented in
Fig. 1), reducing the flow velocity during perpendicular
flow entry. Accordingly, in that local region, Nufs also falls.



Fig. 3. Pictures of aluminum foam samples with various PPI values. (a)
e = 0.93/10 PPI and (b) e = 0.93/40 PPI.
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Fig. 4. Test specimen and positions of thermocouples. (a) 90-deg turn flow
and (b) straight flow.
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Moreover, the coolant with a small perpendicular flow
velocity cannot easily penetrate the aluminum foam to near
the heated surface. Hence, the heat transferred by the por-
ous heat sink may drop as Wj increases. When Wj and the
mass flow rate are constants, increasing PPI reduces Da

and increases Nufs. A small Da of a porous system indicates
a large flow resistance, such that less air reaches the heated
surface. This weakens the cooling capacity of the porous
heat sink. However, the increasing Nufs promotes the con-
vective heat transfer. Therefore, the overall effect of PPI on
the thermal performance of the porous heat sink is gov-
erned by these two contrary effects. Finally, Wj and the
PPI value are invariable, so a large Re enhances convective
Table 1
Characteristics of aluminum foam samples used herein

No. (W · H · L mm) e PPI

1 (60 · 25.4 · 60) 0.93 10
2 (60 · 25.4 · 60) 0.93 40
heat transfer (Nufs) and facilitates the passing of the air
through the aluminum foam to cooling the heated surface,
suggesting that the heat transfer rate is favorable. In this
investigation, Wj/H varies from 0.164 to 0.972; PPIs are
10 and 40, and Re varies from 1376 to 23,619. A series
of experiments are conducted to elucidate the effects of
Wj/H, PPI and Re on the convective heat transfer in a
porous channel with 90-deg turned flow.

The experimental data concerning the heat transfer
characteristics of a porous channel with 90-deg turned flow
are lacking, so the validity of the experiments conducted
herein is established by comparing the data on the porous
system with straight flow, with data obtained by others.
Fig. 5 presents the results of the comparison. The thermal
characteristic, Nu=L, is used to compare the data herein
with those that pertain to aluminum foams of various
lengths, obtained by Calmidi and Mahajan [4] and Kim
et al. [5]. This figure reveals that all of the coefficients of
proportionality, n, between the Reynolds number (Ren)
and Nu were similar, at n = 0.4–0.6. The Nu values herein
were around 14% higher than those measured by Calmidi
and Mahajan [4] because shorter aluminum foams were
used herein. The local Nusselt number is maximal at the
F K (·108 m2) k* (W/m �C)

0.0476 23.4 5.23
0.0460 7.18 5.37



Fig. 5. Comparison with others� data for straight flow configuration.

Fig. 6. Dimensionless wall temperatures along the channel ax
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channel inlet and slowly decreases in the direction of the
flow, so Nu for the system with shorter aluminum foams
exceed that with longer foams. Although the data obtained
by Kim et al. [5] show that Nu=L increased with PPI values,
the data of Calmidi and Mahajan [4] indicate that the effect
of PPI on Nu=L was insignificant, which finding was con-
sistent with the results herein. The fluid stream and the
porous solid matrix are inferred to be in local thermal equi-
librium (LTE) over the range of Reynolds numbers consid-
ered by Calmidi and Mahajan [4] and this work. When
LTE is reached, the thermal characteristics depend mainly
on k�s . Additionally, aluminum foams with the same poros-
ity and various PPI values have similar k�s values, suggest-
ing similar heat transfer behaviors at LTE. Therefore, the
comparison with others� experimental data demonstrates
that the measurements herein are reasonable.

Fig. 6 shows the dimensionless wall temperatures (hw)
along the channel axis for a flow that turns through 90-
deg with various Wj/H, PPI and Re. In this investigation,
the frequency of the inverter was varied to control the air
flow rate. Six frequencies, 10, 20, 30, 40, 50 and 60 Hz, were
is for 90-deg turned flow with various Wj/H, PPI and Re.
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used. The systems with various Wj/H and PPI yield various
Re values at a given frequency. Fig. 6 reveals that all of the
hw distributions were similar. The hw at the corner under
the perpendicular flow entry was maximal, and declined
along the channel axis, until x/H was around 1.0. It finally
approached a constant value. This finding agrees with the
earlier statement concerning the typical streamline pattern
associated with flow that turns through 90-deg. The typical
streamline pattern for flow that turns through 90-deg
reveals a vortex at the corner under the perpendicular flow
entry. This vortex stops convective heat transfer and results
in a locally high hw. Fig. 7 plots the dimensionless wall tem-
peratures (hw) along the channel axis when the flow is
Fig. 7. Dimensionless wall temperatures along the channel axis for
straight flow with various PPI and Re. (a) 10 PPI and (b) 40 PPI.
straight (such that the flow direction is parallel to the chan-
nel axis) for various Re and PPI. The hw distribution when
the flow is straight differed significantly from that when the
flow was turned through 90-deg. For straight flow, hw was
minimal at the channel inlet and slowly increased along
the channel axis until the channel exit. Accordingly, the
straight flow configuration is appropriate in a system with
a large heat flux at the channel inlet. In contrast, the con-
figuration in which the flow turns through 90-deg should
not be applied in the system with a large heat flux at the
channel inlet.

Fig. 8 displays the average Nusselt number (Nu) as a
function of the Reynolds number for various PPI and
Wj/H. The experimental data in Fig. 8(a) show that
increasing Re increased Nu in the configuration in which
Fig. 8. Average Nusselt number as a function of Reynolds number for
various Wj/H and PPI. (a) 10 PPI and (b) 40 PPI.



Fig. 9. Friction factor as a function of Reynolds number for variousWj/H
and PPI. (a) 10 PPI and (b) 40 PPI.
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the flow turned through 90-deg in aluminum foam with
e = 0.93/10 PPI. This fact is consistent with forced convec-
tion. Wj/H increased as Nu fell, which relationship also
agrees with the above comments on the effect of Wj/H on
the Nu. However, based on the data herein, the effect of
Wj/H on Nu was small. However, Fig. 7(b) demonstrates
that Nu increased with Re in the configuration in which
the flow turned through 90-deg in aluminum foam with
e = 0.93/40 PPI. Additionally, the dependence of Nu of
10-PPI aluminum foam on the Reynolds number (Ren)
was similar to that for 40-PPI aluminum foam, suggesting
that the effect of the PPI value on Nu was negligible. As for
the system with aluminum foam for which e = 0.93/10 PPI,
the effect of the Wj/H on Nu was also insignificant. Fig. 8
also plots the data concerning the straight flow configura-
tion. For the range of Reynolds numbers considered
herein, Nu in the straight flow configuration generally
neared the values obtained in the configuration in which
the flow turned through 90-deg. However, Nu in the
straight flow configuration depended on the Reynolds
number (Ren) most strongly than in the configuration in
which the flow turned through 90-deg. When Re < 1000,
Nu in the configuration in which the flow turned through
90-deg slightly exceeded that in the straight flow configura-
tion. When Re > 1000, Nu associated with the straight flow
configuration slightly exceeded Nu in the configuration in
which the flow turned through 90-deg. According to the
experimental data, the relationship between Nu and Re is
given by,

Nu ¼ 71:88Re0:322 for flow that turns through 90- deg

ð8Þ
Nu ¼ 21:10Re0:457 for straight flow ð9Þ

The average deviation in Eqs. (8) and (9) was 5.42%. The
range of application of Eq. (8) is Wj/H = 0.164–0.972
and Re = 1376–23,619, for e = 0.93/10, 40 PPI aluminum
foams and L/H = 2.36. That of Eq. (9) is Re = 1736–
19,083 for e = 0.93/10, 40 PPI aluminum foams and
L/H = 2.36.

Fig. 9 displays effects of Wj/H, PPI and Re on the fric-
tion factor (Cf) in an aluminum foam channel in which flow
turns through 90-deg. The experimental data indicate that
the friction factor generally dropped as the Reynolds num-
ber increased. However, an unusual phenomenon of Cf

increasing with Re for both Wj/H = 0.164 and 0.281 and
e = 0.93/10PPI foam were depicted in Fig. 9(a). It may be
induced by the onset of the big vortex next to the perpen-
dicular flow entry. A big vortex next to the perpendicular
flow entry is expected for the porous system with a large
inlet velocity and high permeability. Therefore, the effective
flowing channel located between the vortex zone and the
bottom surface becomes narrow, suggesting an additional
pressure drop due to the acceleration effect of fluid flow.
Besides, at the given Wj/H and Re, the friction factor of
the system with 40 PPI exceeds that with 10 PPI, because
the 40-PPI aluminum foam (Fig. 3) is made of many very
fine open-cells, which cause a high flow resistance. Addi-
tionally, the friction factor increased as Wj/H decreased
when the PPI and Re were specified. This relationship
can be explained as follows. The pressure drop in a porous
channel in which flow turns through 90-deg has two causes.
One is the 90-deg turn; the other is the porous medium.
Fig. 10 plots the friction factor as a Reynolds number,
for the empty channels in which flow turns through 90-
deg with various Wj/H. The figure shows that the pressure
drops caused by the 90-deg turn of the flow increase as
Wj/H decreases. Moreover, the pressure drops in the
perpendicular flow regions of the porous channels may fall
as Wj/H increases, because at a particular Re, a large Wj/H
is responsible for a small perpendicular flow velocity. The



Fig. 11. Average Nusselt number as a function of Cf Re
3 for various PPI

and Wj/H (a) 10PPI (b) 40PPI.

Fig. 10. Friction factor as a function of Reynolds number for the system
without Al-foams.
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friction factor of the porous channel with straight flow is
expressed in the following form:

Cf ¼
2L
H

1

ReDa
þ Fffiffiffiffiffiffi

Da
p

� �
ð10Þ

where Da (�K/H2, where K is the permeability) is the
Darcy number and F is the inertial coefficient. Fig. 9 re-
veals that the friction factor of the porous channel with
straight flow is generally below that of the porous channel
with 90-deg turned flow.

Attention is now turned to the pumping power con-
straint. For systems with various Wj/H and PPI, a fixed
pumping power can yield various rates of flow of the air
used to cool the heated surface. A dimensionless parame-
ter, CfRe

3, was introduced as the pumping power. Fig. 11
plots the average Nusselt number (Nu) against CfRe

3. The
Nu increased with CfRe

3 for systems with various Wj/H
and PPI. The data depict that the Nu in the configuration
in which the flow turned through 90-deg slightly exceeded
that in the straight flow configuration when CfRe

3 < 1000.
When CfRe

3 > 1000, Nu associated with the straight flow
configuration slightly exceeded Nu in the configuration in
which the flow turned through 90-deg. For the configura-
tion in which the flow turns through 90-deg, increasing
Wj/H slightly increased Nu for a particular CfRe

3. Addi-
tionally, the Nu of the system with aluminum foam for
which e = 0.93/10 PPI slightly exceeded that with alumi-
num foam for which e = 0.93/40 PPI.

4. Conclusions

This investigation experimentally studied the convective
heat transfer and pressure drop in porous channels with 90-
deg turned flow. The heat transfer and pressure drop in
straight porous channels were also measured for compari-
son. Aluminum foams with a porosity of 0.93 were
employed. The coolant was air. The size (W · H · L =
60 · 25.4 · 60 mm) of the aluminum foams was fixed. The
variable parameters were the ratio of the entry width to
the porous sink height (Wj/H), the pore density of the alu-
minum foam (PPI, pore per inch) and the Reynolds number
(Re). In this work, Wj/H is varied from 0.164 to 0.972; PPI
are 10 and 40, and Re varies from 1376 to 23,619. The find-
ings of this work support the following conclusions:

(1) For the porous channels with 90-deg turned flow, the
hw at the corner under the perpendicular flow entry
was maximal, declining along the channel axis until
x/H was around 1.0, finally approaching a constant
value. Therefore, such a configuration should not
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be applied to a system with a large heat flux at the
channel inlet. Parametric studies have demonstrated
that increasing Re increases Nu and that the effects
of PPI and Wj/H on Nu are negligible.

(2) Over range of Re values considered herein, Nu in the
straight flow configuration was close to the value of
the configuration in which the flow turned through
90-deg. However, when Re < 1000, Nu in the configu-
ration in which the flow turned through 90-deg
slightly exceeded that in the straight flow configura-
tion. As Re > 1000, Nu in the straight flow configura-
tion slightly exceeded Nu in the configuration in
which flow turned through 90-deg.

(3) For porous channels in which flow turned through
90-deg, the friction factor generally fell as the Rey-
nolds number increased, PPI decreased or Wj/H
increased. The friction factor of the straight porous
channel was generally lower than that of the porous
channel in which flow turned through 90-deg.

(4) Under a particular pumping power constraint
(CfRe

3), the Nu in the configuration in which the flow
turned through 90-deg slightly exceeded that in the
straight flow configuration when CfRe

3 < 1000. How-
ever, as CfRe

3 > 1000, Nu associated with the straight
flow configuration slightly exceeded Nu in the config-
uration in which the flow turned through 90-deg. In
the latter configuration, increasing Wj/H or reducing
PPI slightly increased Nu at a given pumping power.
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