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Abstract A numerical study was conducted to determine the impact of MHD on mixed convection of a
Cu-water nanofluid in a horizontal channel attached to two open enclosures filled with a porous material is
implemented in this paper. Uniform heat is supplied on the base of the two enclosures while the other walls
are considered adiabatic. The finite element method has been utilized in this study to solve the considered
equations and other numerical simulations that needed to be validated, assessed with previous papers to
ensure that the model works correctly. Furthermore, this study considers a range of each of the Reynolds
number (Re = 25, 50, 100, 150, 200), Richardson number (Ri = 0.1, 1, 3, 5, 8, 10) and the Hartmann
number (Ha = 0, 5, 10, 15, 30, 50) at a constant volume fraction (ϕ = 0.08) and porous media properties
(Da = 10-2, and ε = 0.7). The results stated that the strength of the streamlines, isotherms, and the average
Nusselt number (Nuavg) increases with increasing values of the Richardson and Reynolds numbers while
they decrease upon increasing the Hartmann number. The result shows that no big difference between
cases 2 and 3, and the maximum enhancement in Nuavg is 9.84% in case 2 compared with case 1 at Re =
200, Ri = 1, and Ha = 0.

List of symbols

Cp Specific heat
Da Darcy number
g Gravitational acceleration
h Convection heat transfer coefficient
H Channel height
Ha Hartmann number
k Thermal conductivity
K Permeability
Nu Nusselt number
P Non-dimensional pressure
p Pressure
Pr Prandtl number
Ra Rayleigh Number
Re Reynolds number
Ri Richardson number
T Dimensional temperature
U Non-dimensional velocity component

X-direction
V Non-dimensional velocity component

Y -direction
X Non-dimensional X-coordinates
Y Non-dimensional Y -coordinates
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Greek symbols

ν Kinematic viscosity
ϕ Solid volume fraction
θ Dimensionless temperature
ρ Density
μ Dynamic viscosity
α Thermal diffusivity
β Thermal expansion coefficient
ε porosity

Subscripts

avg Average
c Cold
f Fluid (pure water)
h Hot
In Inlet
loc Local
nf Nanofluid
o Outlet
s Solid
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1 Introduction

Mixed convection, natural and forced, is very popu-
lar in many applications such as nuclear reactors, solar
systems, electronic systems, and heat exchangers [1–
7]. For that reason, an extensive study, experimentally
and numerically, has been done by many researchers
to understand how to use it in a way that serves the
required purposes.

Mixed convection with a trapezoidal cavity has been
considered by many authors [8–14]. Al-Farhany et al.
[15] have studied the effect of applying MHD on the
mixed convection nanofluid in a channel with a trape-
zoidal cavity and an elliptical obstacle. The consid-
ered variable was Ri number, Re number, Ha num-
ber, and the volume fraction. The main results stated
that the heat transfer enhances with the increase of
the Ri number, Re number, and the volume fraction
while the MHD negatively affected the enhancement
of the heat transfer. Laouira et al. [16] studied mixed
convection in a channel with an open enclosure, trape-
zoidal, that heated with a bellow. The authors consid-
ered constant Re and Pr numbers while the length of
the heating source was kept variable. They found that
the value of the Nuavg increases with the increase of
the heating source. Stiriba et al. [17] numerically inves-
tigated combined convection in a channel that con-
tains an open enclosure that heated from below. The
considered parameters were Re (100–1500), Ri (0.001–
10). The results showed that the stability of the flow
is highly affected by Ri, wherewith low Re the flow
is stable until Ri ≤ 10; however, with high Re the
flow becomes unstable at Ri ≥ 1. Furthermore, the
value of the Nu increases inversely with Reynolds and
Richardson. Javaherdeh [18] studied forced convection
in a 2-D channel, which includes two symmetric cav-
ities. The author studied the influence of power law,
aspect ratio, and Reynolds number upon heat trans-
fer. The findings revealed that the value of normal-
ized Nusselt number increases with the rises of Re;
furthermore, Reynolds number and power-law values
become more dominant on heat transfer at a small
aspect ratio. Three-dimensional mixed convection in a
channel with an open enclosure was numerically inves-
tigated by Abdelmassih and Pallares [19]. The authors
confirmed previous results regarding stability and non-
stability. Garćıa et al. [20] examined the combined con-
vection in an inclined channel with two-open cavities.
The considered parameters were the Reynolds number
(100–1000), the inclination of the channel (0◦- 90◦),
and the cavity aspect ratio (0.25–1). The results found
that the temperature and the flow patterns are strongly
affected by the cavity aspect ratio. Furthermore, the
Nu number values rise with the increase of the inclina-
tion angle. Cárdenas et al. [21] investigated experimen-
tally combined convection in a three dimensional chan-
nel with two facing cavities under the inclination effect.
The considered parameters were: the Reynolds number
(500–1500), the modified Richardson number (32.17–

300.77), and the inclination angle (0◦–90◦). They con-
cluded that the value of the Nu increases with the
rise of the modified Ri. Al-Farhany et al. [22] studied
MHD combined convection in a channel with an open
enclosure. They concluded that increasing the Richard-
son number enhances the transfer of heat. The MHD
effects on channel flow with porous have been studied
recently by [23–25]. The flow patterns and heat trans-
fer can be greatly affected by adding nanoparticles. For
that reason, many researchers have done extensive stud-
ies, numerically and experimentally, to understand this
effect [26–33]. Das et al. [34] investigated combined con-
vection in a channel filled with nanoparticles under the
MHD effect by considering three types of nanoparticles:
copper (ϕ = 0.05), aluminum dioxide (ϕ = 0.15), and
titanium dioxide (ϕ = 0.20). The authors stated that
the maximum transfer of heat accrues at the smallest
volume fraction, which is for copper, from that they
established the heat transfer enhances with the decrease
of the nanoparticles volume fraction. Benzema et al. [35]
studied numerically a combined convection in an irreg-
ular vented cavity filled with Cu-water. They consid-
ered a wide range of the nanoparticles diameter (25–
150 mm) and volume fraction (0–0.5 step 0.1). The
results showed that the value of the Nusselt number
increases with the increase of the Ri, Re, and ϕ, while it
decreases with the increase of the nanoparticles diame-
ter. Hussain et al. [36] studied magnetohydrodynamics
of the mixed convection in a channel with two cavi-
ties, un-symmetric, filled with nanofluid. They consid-
ered a range of the volume fraction (0–0.15), Reynolds
number (1–200), cavities aspect ratio (0.2–1) Richard-
son number (0.01–10). They concluded that the influ-
ence of the volume fraction on the transfer of heat
increases with the increase of the Richardson number.
Also, the temperature penetration increases with the
aspect ratio increase. Al-Farhany et al. [37,38] stud-
ied mathematically the effects of MHD heat convection
in a porous nanofluid enclosure with two heated fins.
Within a porous enclosure, the Darcy-Brinkman model
was used. Kahalerras et al. [39] investigated combined
convection in a vertical channel filled with nanofluid.
The channel heating source was located on the right
side while it was cold from the left. The authors con-
sidered a wide range of volume fractions and they also
noted that when the volume fraction decreases, heat
transfer improves.

From the literature review, it can be noticed that
combined convection of a nanofluid in a channel with
two open trapezoidal cavities filled with porous mate-
rial under the MHD effect has not been considered.
Furthermore, this geometry is important as it can be
used in solar collector systems. This investigation stud-
ied the fluid flow and temperature distribution in terms
of streamlines and isotherms respectively. In addition,
the heat transfer performance is analyzed in terms of
Nulocal and Nuavg. The Reynolds number, Richardson
numbers, and Hartmann numbers are used to describe
streamlines, isotherms, and Nusselt numbers.
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Fig. 1 The physical
geometry of the problem

Table 1 Thermophysical properties of copper and water [39,53]

Properties ρ (kg/m 3) Cp(J/kg K) k (W/m K) β (1/K)

Water 997.1 4179 0.613 2.1 × 10−4

Copper 8933 385 401 1.67 × 10−5

2 Methodology

Physical geometries of the considered cases are demon-
strated in Fig. 1. The geometries are dimensionless,
where they are been normalized by the cavity height
(H). Depending on that the dimension of the chan-
nels are (8H) length and (H) height. Two heaters with
a length equal to (H) are positioned on the base of
the two cavities. In addition, the two cavities are filled
with a porous material. Three different cases have been
tested in this study to present the effect of the porous
matrix trapezoidal location. The upper trapezoidal cav-

ity has been placed at the middle of the channel for all
cases, while the lower trapezoidal cavity is attached to
the bottom channel at three different locations (4H,
3H, and 5H) for the Cases (1, 2, and 3) respectively.

The fluid, Cu-water nanofluid, inlet from the left
side to the right side of the channel; in addition, the
channel walls, except the two bases of the cavities,
are considered as adiabatic. Table 1 presented the
thermo-physical properties of copper and water [39].
The dimensional equations which are considered in this
paper can be found in [40–44] and they are presented
as below:
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To use one equation for the porous medium region and
nanofluid region, a variable (δ) have been assumed to
use as:

For porous media/nanofluid region, δ =1
For the nanofluid region, δ =0
The following dimensionless parameters are applied

to obtain the dimensionless form of the considered gov-
erning equations:-
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Dimensionless numbers are given as follow:
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The Eqs. (1)–(4) are written in the following non-
dimensional format: [45,46]
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The energy equation is given by:-
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The thermophysical properties of nanofluid are pre-
sented blow as used by [44].

The density and the thermal diffusivity of the
nanofluid is:

αnf =
knf

(ρCp)nf
(11)

ρnf = (1 − φ) ρf + φ ρs (12)

The thermal expansion coefficient and the heat capac-
itance of nanofluid are:

(ρCp)nf = (1 − φ)(ρCp)f + φ(ρCp)s (13)

(ρβp)nf = (1 − φ)(ρβ)f + φ(ρβ)s (14)

The Brinkman model has been used to estimate the
viscosity of the nanofluid:

μnf =
μf

(1 − φ)2.5 (15)

The Maxwell model is obtained for the thermal conduc-
tivity of the nanofluid:

knf
kf

=
ks + 2kf − 2φ(kf − ks)
ks + 2kf + φ(kf − ks)

(16)

The effective thermal diffusivity (αeff) and thermal con-
ductivity (keff) and is given by [47,48]:

αeff =
keff

(ρcp)nf
(17)

keff = (1 − ε)kp + εknf (18)

The non-dimensional boundary conditions are:

– At the entrance of the channel: U = 1, V = 0, and
θ = 0

– At the exit of the channel: ∂θ
∂X = 0 , P = 0

– For the channel and cavity walls, except the heaters:
U = 0, V = 0, and ∂θ

∂N = 0
– At the heaters: U = V =0, θ = 1

The average and local Nusselt numbers on the bottom
of the lower cavity are calculated as below: [49]
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Nuloc = − ∂θ
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∣∣∣∣ ,Nuavg = − 1
H

H∫
0
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∣∣∣∣ dx (19)

3 Numerical and grid independence study

The non-dimensional governing equations are solved
numerically using Galerkin finite element methods
(FEM). Table 2 shows the grid independence test which
has been performed for the value of the average Nusselt
number for case 1 at Da = 0.01, Ri = 10, φ = 0.08, Re
= 50, Ha = 10. It shows that the Nuavg values at mesh
7 and 8 are closed with (0.38% error) which is a kind of
mesh independent test, therefore, mesh 7 (34238) sizes
have been selected in this study for all cases as shown
in Fig. 2.

4 Validation of the present work

To assess the considered code, it is important to do
some validation with previous papers. The contours

Table 2 Mesh independence exam for Nuaveon hot bottom
wall of Case 1 at Da = 0.01, Ri =10, φ = 0.08, Re =50, Ha
=10

Grid size Nu % Error

mesh 1 1286 0.487 –
mesh 2 2346 0.481 1.23
mesh 3 3382 0.477 0.83
mesh 4 5142 0.474 0.63
mesh 5 13224 0.476 0.42
mesh 7 34238 0.4778 0.38
mesh 8 42182 0.4777 0.021

Bold indicates the best result

of the isotherms and streamlines found an acceptable
agreement with the numerical analysis of Hussian et al.
[50] as can be seen in Fig. 3. Furthermore, the validation
of the Nuavg is crucially important to assess the accu-
racy of the current analysis and this is done by com-
paring the current results with three different previews
papers [50–52] as can be seen in Table 3. Furthermore,
the error of the current work compared with previous
works is very low which ensures the high accuracy of
the simulation.

5 Results and discussion

The current paper numerically studied the influence of
MHD on a compound convection nanofluid laminar flow
behavior and the enhancement of heat transfer in a 2-D
channel with two trapezoidal cavities filled with porous
media. The numerical analysis considered a range of Re
(Re = 25, 50, 100, 150, 200), Ha (Ha = 0, 5, 10, 15, 30,
50) and Ri (Ri = 0.1, 1, 5, 10) while other parame-
ters are considered constant for Darcy number (Da =
10−2), porosity (ε = 0.7), volume fraction (ϕ = 0.08)
and Prandtl number (Pr = 6.8). Three cases are consid-
ered depending on the position of the trapezoidal cav-
ities: case 1 the cavities are opposite, case 2 the lower
cavity positioned before the top cavity, and case 3 the
lower cavity positioned after the top cavity as can be
seen in Fig. 1.

5.1 The influence of Reynolds number on the
streamlines and isotherms

The effect of applying a range of Reynolds numbers (Re
= 25, 50, 100, 150, 200) on the streamlines behaviour at
constant Richardson number (Ri = 1) and Hartmann
number (Ha = 10) is analysed in Fig. 4. For case 1, at
low Re number (Re = 25) a small amount of fluid pen-
etrates to the enclosures, due to having a low laminar

Fig. 2 The meshing of the computational domain
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streamlines isotherms

Hussain

et al. 

[52].

Present 

results

Fig. 3 Comparison of streamlines and isotherms with Hussain et al. [50] study at Da = 10−6, Ri = 1, Re = 100, ε = 1,
and φ = 0.04

Table 3 Comparison of the present work to Reference [50–52] atRe=100, Pr=0.7

Ri Manca et al. [50] Mehrez et al. [51] Hussain et al. [52] Present work

0.01 – – 1.095 1.08
0.1 1.07 1.060 1.061 1.06
1 0.871 0.856 0.856 0.855
10 0.620 0.613 0.614 0.614

Re Case 1 Case 2 Case 3

25

50

100

150

200

Fig. 4 Reynolds number (Re) effects on the streamlines at Da = 10−2, Pr = 6.8, ε = 0.7, Ri =, Ha = 10, and φ = 0.08
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Re Case 1 Case 2 Case 3

25

50

100

150

200

Fig. 5 Reynolds number (Re) effects on the isotherms at Da = 10−2, Pr = 6.8, ε = 0.7, Ri = 1, Ha = 10, and φ = 0.08

flow, generating a single weak cell in each cavity. As
the Reynolds number increases, the laminar flow will
gradually enhance and hence the cell in the top cavity
become stronger and denser; in contrast, the streams in
the bottom cavity becomes even stronger and generate
double vortices at Re = 50; furthermore, these three
cells become more strong as the Reynolds increases to
be very strong at Re = 200. For case 2, at low Reynolds
number, the flow penetrates mainly to the left side of
the cavities generated dense cells close to the left wall
of the cavities. The single cell in the top cavity becomes
stronger and denser as the Reynolds increases while the
cell in the bottom cavity split to be two cells which
become a strength as the Reynolds increase. In case
3, the streams are stronger than in the previous cases,
where the stream generates double cells in the bottom
cavity at low Reynolds and the flow shows the same
behaviour in the top cavity. These cells become stronger
and denser as the Reynolds increases.

Figure 5 presents the effect of applying a range of
Re on the isotherm contours at constant Richardson
number (Ri = 1) and Hartmann number (Ha = 10)
for the three cases. For case 1, at low Reynolds (Re =
25), low laminar flow, the isotherms inside the cavities

tend to the red colour, high-temperature gradient, and
this is due to having low penetration of the fluid flow
so the temperature mainly transports via the conduc-
tion in the porous material; furthermore, the isotherms
from both cavities penetrate to the channel due to the
bouncy force and connect in the core of the channel. As
the Reynolds increases the laminar flow becomes higher
and the effect of bouncy force decreases while the forced
convection becomes stronger which makes the isotherms
penetration to the channel decline and compressed to
the walls of the channel away from the core. Further-
more, as the Reynolds increases the isotherms in both
cavities become less redness and low-temperature gra-
dient, and this is physical because of increasing the fluid
streams inside the cavities generating strong cells which
act to increase the convection inside the enclosures and
hence decreasing the temperature gradient. Also, the
gradient of the isotherms in the bottom enclosure is
higher than the top enclosure since the vortices in the
top are weaker than the bottom and hence lower convec-
tion. For case 2, the isotherms in the enclosure have less
redness than in case 1 and this is due to having stronger
penetration of streams to the cavities than in case 1 and
hence stronger convection. In case 3 the temperature
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HaRi Case 1 Case 2 Case 3

0

1

5

10

50

1

5

10

Fig. 6 Richardson number (Ri) effects on the streamlines at Da = 10−2, Pr = 6.8, ε =0.7, Re = 50, and φ =0.08

gradient in the top cavity is less than the cavies that
generated in the previous cases; however, the bottom
cavity has the highest temperature gradient than other
cases due to having stronger vortices.

5.2 The effect of Hartmann number on the
streamlines and isotherms

The effect of the magnetic field and Richardson num-
ber on the streamlines are analyzed in Fig. 6 at con-
stant Reynolds number (Re = 50). A free magnetic
effect (Ha = 0), the effect of Richardson number can
be clearly demonstrated; moreover, the streamlines in
the top enclosure for all three cases show an insignifi-
cant effect for the Richardson number. In contrast, the
streamlines in the bottom cavity are greatly affected
by the Ri number. At low Richardson (Ri = 1), the
streams generate a vortex close to the left side of the
bottom enclosure in case 1 and case 2 while in case 3

the streams flow linearly. As the Ri number increases
the streamlines in the bottom cavities of the three cases
become linear, uniform, and stronger.

When a magnetic field is applied (Ha = 50), the
streamlines in the bottom cavities of the three cases
generate double vortices which strength as the Richard-
son number increases. Furthermore, the streamlines in
the top cavities are insignificantly affected by the mag-
netic force.

Figure 7 demonstrates the effect of magnetic force
and Ri on the isotherms at constant Reynolds (Re =
50). It is noticeable that the isotherms in the top cavi-
ties of the three cases are not affected by the change of
Richardson or Hartmann numbers. On the other hand,
the bottom cavities of the three cases are sensitive to
the Richardson and Hartmann numbers. At free MHD
(Ha = 0), the redness of the isotherms in the bottom
cavities decreases with the increase of the Ri due to
increasing the inlet streams to the bottom cavities and
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HaRe Case 1 Case 2 Case 3

0

1

5

10

50

1

5

10

Fig. 7 Richardson number (Ri) effects on the isotherms at Da = 10−2, Pr = 6.8, ε =0.7, Re = 50, and φ =0.08

hence increasing the convection, also the penetration of
the isotherms from the bottom cavity to the channel
rises with the rise of the Richardson. With the pres-
ence of the MHD (Ha = 50), the influence of the mag-
netic field decreases the effect of the Richardson num-
ber, and hence the temperature gradient of the bottom
cavities are no longer affected by changing of Richard-
son. The penetration of the isotherms to the channel
also becomes insensitive to the Richardson change.

5.3 The effect of Darcy number on the streamlines
and isotherms

Figure 8 demonstrates the effect of Ri number and Da
number on the streams at constant Re number and Ha
number. At a high Da number (Da = 10−2), the per-
meability of the porous media in both cavities is high,
and hence more fluid enters the cavities making vor-
texes in both cavities at a low Ri number. These vor-

tices diminish at the bottom cavity with the enhances
of the bouncy force at a high Ri number. In contrast, at
a low Da number, the permeability of the porous media
becomes much less, and hence the fluid that enters the
enclosures becomes much less, and hence the vortices
disappeared in the bottom cavity. Also, the vortices in
the streams in the top cavity generated very weak vor-
tices at a high Ri number.

Figure 9 demonstrates the effect of Da number and
Ri number on the isotherms at the constant magnetic
field and Re number. At a low Da number, the gener-
ated vortices that the fluid generated in both cavities
increase the convection, and hence the transfer of heat
to the main channel would be higher. However, with a
low Da number, the fluid that enters the cavities flow
at a creeping speed, and hence the convection of heat
transfer would be much less, and hence the dominant
mode of heat transfer is conduction.
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Da Ri Case 1 Case 2 Case 3

10-2

1

5

10

10-5

1

5

10

Fig. 8 Richardson number (Ri) effects on the streamlines at Ha = 30, Pr = 6.8, ε =0.7, Re = 100, and φ =0.08

5.4 The effect of Reynolds number, Hartmann
number and Richardson number on the local
Nusselt number

Figure 10 demonstrates the effect of the Re, Ri, and Ha
on the Nulocal along the hot wall of the cavity. In gen-
eral, the Nulocal is relatively low at the first half of the
hot wall due to having high stream circulation at the
first half cavity and hence high transfer of heat; how-
ever, the strength of the stream circulation at the sec-
ond half of the cavity gradually declined in the transfer
of heat which makes the local Nusselt number increases
linearly. Furthermore, the results show that the Nulocal

is highly sensitive to the Ri number and Ha number,
where the Nulocal increases with the increase of the Re
and Ri numbers and decreases with the increase of the
Ha number.

5.5 The effect of Reynolds, Richardson, and
Hartmann on the Average Nusselt number

Table 4 presents the effect of Richardson number (Ri=
1, 3, 5, 8, 10), Reynolds number (Re = 25, 100, 200),
and Hartmann number (Ha= 0, 30, 50) on the Nuavg

along the hot wall for the three cases. In general, the
value of the Nuavg, which presents the ratio of the
conduction to the convection heat transfer increases,
increases with the increase of the Ri and Re. This
explains that the increase of the Ri and Re numbers will
increase the convection heat transfer and make it the
dominant mode. In contrast, the presence of the mag-
netic force enhances the conduction force and gradually
makes it the dominant force at high values of Ha num-
ber. Also, the values of the average Nusselt number for
case 1 are generally less than what in case 2 and case 3
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Da Ri Case 1 Case 2 Case 3

10-2

1

5

10

10-5

1

5

10

Fig. 9 Richardson number (Ri) effects on the isotherms at Ha = 30, Pr = 6.8, ε =0.7, Re = 100, and φ = 0.08

while case 2 and case 3 have almost the same values of
the average Nusselt number.

6 Conclusions

MHD combined convection of a nanofluid in a chan-
nel with two open enclosures, which are filled with
porous media, has been investigated in this paper. The
numerical analysis is validated with previous academic
work and an accurate agreement is obtained. The main
results can be concluded in bellow:

• The streamlines inside the two cavities are enhanced
with the increase of the Re and the Ri which mainly
affect the streamlines in the bottom cavity and are

less effective in the top cavity. On the other hand,
the streamlines are adversely increasing with the
increase of the Ha.

• The isotherms enhance with the increase of the Ri
and the Re and this effect is sensitive only within
the bottom cavity. However, the increment of the
Ha decreases the strength of the isotherms in the
bottom cavity and this effect does not occur in the
top cavity.

• The value of the Nuavg increases with the increment
of the Ri and the Re while it decreases with the
increment of the Ha. Also, the value of Nuavg for
case 1 is generally less than the two other cases.

• There is no significant difference between cases 2
and 3, and the highest increase in Nuavg in case 2
compared to case 1 is 9.84 % at Re = 200, Ri =1,
and Ha = 0.
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Fig. 10 Local Nusselt Number (Nuloc) along the hot wall for various Ri, Ra, and Ha and numbers

Table 4 Averaged Nusselt number along the hot wall for Richardson and Hartmann numbers variations

Re Ri Case 1 (Nuavg) Case 2 (Nuavg) Case 3 ( Nuavg)

Ha = 0 Ha = 30 Ha = 50 Ha = 0 Ha = 30 Ha = 50 Ha = 0 Ha = 30 Ha = 50

25 1 0.184 0.143 0.134 0.192 0.143 0.137 0.192 0.143 0.136
3 0.207 0.147 0.136 0.213 0.147 0.138 0.213 0.147 0.138
5 0.228 0.151 0.138 0.234 0.151 0.139 0.234 0.151 0.139
8 0.262 0.158 0.140 0.265 0.158 0.142 0.265 0.158 0.142
10 0.286 0.162 0.142 0.285 0.162 0.144 0.285 0.162 0.144

100 1 0.342 0.288 0.255 0.373 0.288 0.262 0.373 0.288 0.262
3 0.466 0.333 0.276 0.502 0.337 0.283 0.502 0.337 0.283
5 0.602 0.390 0.299 0.643 0.399 0.308 0.643 0.399 0.308
8 0.825 0.495 0.341 0.855 0.516 0.352 0.855 0.516 0.352
10 0.963 0.580 0.372 0.978 0.610 0.385 0.978 0.610 0.385

200 1 0.437 0.413 0.373 0.480 0.417 0.378 0.480 0.416 0.378
3 0.718 0.567 0.446 0.760 0.596 0.458 0.760 0.596 0.458
5 1.026 0.838 0.548 1.037 0.890 0.571 1.037 0.890 0.579
8 1.323 1.532 0.757 1.334 1.557 0.793 1.334 1.557 0.793
10 1.516 1.914 0.938 1.518 1.923 0.975 1.518 1.923 0.975
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