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1. Materials and Methods

Table S1 describes the comparison of the current state-of-the-art for heat transfer.

Table S1. Comparison of the current state-of-the-art for heat transfer. Notation: Data not available (NA)

Heat
Heating
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Igor A.
Bolotno
v [5]
Zhuan R134a/ horizonta 50-129
Circular 0.5 NA 3 NA 30 NA
et al.[6] R22 1 KW/m?

1.1 Laminar flow

Thus, Figure S1 shows a brief appearance of monophasic flow in a rectangular section channel.

velocity profile 1
developed during flow

2h Y 4—>x

Figure S1. Monophasic flow in a rectangular section channel.

From the momentum conservation equation, it has been demonstrated that for such a viscous and

incompressible flow. The velocity distribution across the cross-section of the rectangular channel is

u(y)z—%—g{l—(%)z} 1)

Here, i denotes the half-height of the channel. The laminar distribution is parabolic and known as

as follows [7]:

"Poiseuille's Profile." Supposing y = 0, the maximum velocity of the flow is [7]:

2
u = P)
dx 2
with 4A=2h-1 (the channel section area) and knowing that the average velocity is [7]:
O =, 4 6)
+h
and 0, = Iu(y).dA 4)

~h
Therefore, the relationship between the maximum flow velocity and its average velocity [7]:

w =2y )

AP=u Hax (6)

The balance of the forces applied to an elementary volume of a Poiseuille flow fluid shows that the
tangential force along the direction of the flow, which is exerted between the layers of the fluid, is
constant. So, it is called 7 the corresponding viscous stress [7]:

au
=y 7)
T=U
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Thus occurs as a linear function of y occurs while reaching its maximum value at the wall 7,,,;; noted

the parietal stress is related to the longitudinal pressure gradient [8]:

0 AP-D
Twull = ﬂwull ’ _u = : (8)
ay wall 4 L

where the index wall indicates that the viscosity is that of the fluid at the temperature Twan of the wall.
The hydraulic diameter in our case is given by [9]:

_4-h-l
S 2h+1

where h is considered half of the channel height. The coefficient of parietal friction is given by the

©)

h
following dimensionless number [7]:
27

¢, =——r (10)
/ 2
p.uuvg

where p and uwg are the values of the density and the average velocity of the flow, respectively.

1.2 Number of theoretical Poiseuille
In the case of two semi-infinite parallel flat plates, ¢ tends to zero and the preceding formula is thus
reduced to [9]:

(11)

o = 24
A ReDh
Depending on the geometry of the channel, the number of theoretical Poiseuille Po# is the product

of the Reynolds number and the friction factor which is equal to 24, so this number is constant [9]:
Poth =c; ReDh =24 (12)

where Repi represents the Reynolds number based on the hydraulic diameter of the channel [10]:

Re,, =222 (13)

and the flow friction factor, Ct is defined by [11]:

c -Dap (14)
f _ZpUZL

where L is the channel length, and U is the mean flow velocity. The hydrodynamic section length Lx

for rectangular microchannels is defined by the following expression [12]:

L,=0.05-Re- D, (15)

1.3 Simulation parameters
The liquid used temperature was ranged from 22 to 44°C and liquid velocities, ranging from
0.25 to 12 m/s [9]. The measurements were relied on using capillary tubes to determine kinematic
viscosity and viscosity dynamic corresponding to the following values: v=1,043.10°%’ /s and
1 =1,040.10" kg / m.s [13]. These studies revealed that at a temperature of 20°C the density of the
water was p = 997.77kg / m*, and the corresponding formula was [14]:
p(T)=1001-9,084.10°T -3,416.10° T* (16)
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Previously, the work has been done using the flow rates at 450 ml/min for a velocity vector with an
equal maximum velocity of 0.8577048 m/s, and 850 ml/min for a velocity vector with an equal
maximum velocity of 1.6205020 m/s [8]. So theoretically, the velocity is also high when the flow rate

grows, and the simulation results in Table S2 were obtained in laminar flow:
Table S2. Values of the simulation data [8]

Parameters Value
Hydraulic diameter Dh=9.807E-01mm
Reynold’s number Rey=5.556E+02
Fluid Flow rate DEN= 1000E+00
Dynamic viscosity VIS=1.041E-03Kg/m.s

Given these obtained values, the inlet velocity can be calculated by applying:

p-V-D, R-u 5.556E+02x1.041E—03 ]
Re,, =— ‘ y,=—e ™ ‘ V,= =0.5915m""
" “"p-D, " 997.7x0.9807E—03

So, for the channel with the hydraulic diameter of 0.98mm, the inlet velocity corresponding was 0.6

m/s.
The parameters in Table S3 were used in the laminar flow [7]:

Table S3. Values of the simulation Parameters [7]

Qv [ml/min ] Ve [m/S] Re Vmoy Sim[m/s] Cs (sim) Ct (theo)
850,6 0,282035 1030 2,017846 0,00820 0,023307
1300 0,431044 1574 2,975100 0,00625 0,015250

1.4 Mesh

Table S4 provides supporting data for mesh validation.

Table S4. Supporting data for mesh validation.

Static pressure in 0.5mm,

Type of mesh Domain elements V=0.25m/s (Pa)
Extremely fine 130311 1.72 X108
Extra fine 41757 1.72 X108
Finer 13036 1.72 X103
Fine 9107 1.76 X108
Normal 6669 1.7 X103
Coarse 3562 1.68 X103
Coarser 2336 1.59 X103
Extra coarse 1323 1.36 X103
Extremely coarse 1039 1.1 X10%

Figure S2 presents the graph of the data for the mesh validation to demonstrate the accuracy of the
simulation based on the static pressure. It is found that the mesh is independent.
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Figure S2. Supporting data for mesh validation

2. Results and Discussions

2.1 Two-phase flow heat transfer at constant wall temperature in the approximative model

T T T T T T T T T T T T T T 1
0.0 2.0x10*4.0x10"6.0x10*8.0x10*1.0x10°1.2x10° 1.4x10°

5 of 10

Table S5 presents the different data recorded during the simulation in the horizontal direction

at a different position along the channel

Table S5. Data along the channel at different horizontal position

Case 1: Two-phase flow heat transfer at the constant wall temperature

Time: Os
A: X=-71 B: X-41 C:X=10 D:X=31 E:X=61 F:X=724
Position (mm)
Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8
Temperature (K) 293.15 293.15 293.15 293.15 293.15 293.15
Time: 0.45s
A: X=-71 B: X=-41 C:X=-1 D:X=31 E:X=61 F:X=724
Position (mm)
Y=-30.8 Y=-30.8 Y=-30.8 Y=-308 Y=-30.8 Y=-30.8
Temperature (K) 293.17 372.44 375.93 372.10 371.52 356.22
Time: 1.1s
A: X=-71 B: X=-41 C: X=-1 D:X=31 E:X=61 F:X=724
Position (mm)
Y=-30.8 Y=-30.8 Y=-30.8 Y=-308 Y=-30.8 Y=-30.8
Temperature (K) 293.45 372.12 374.67 376.36 373.58 346.29

It is also necessary to determine the exact value of the Reynolds number:

_p-V-D, _1000x030x1x10”
U 0.001

Re,,

=300
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2.2 Determination of the dissipated heat flux for different application areas, the convective heat transfer
coefficient, and the fin efficiency of the rectangular mini-channel

Several studies have been conducted on the determination of the value of the convective heat
transfer coefficient. According to these investigations, Table S6 gives the approximate values of the
convective heat transfer coefficients that have been summarized [15]. The same table afterward was

used in situations with microchannels heat sinks [16].

Table S6. Approximate values of convection heat transfer coefficients [15]

Mode h(w/ m’°c)
Free convection, air 5-25
Forced convection, air 10-500
Forced convection, water 100-15000
Pool boiling, water 25000-35000
Flow boiling, water 5000-100000

These obtained values from the calculation of the efficiency and the convective heat transfer

coefficient are plotted in Figure S3 to express the relationship between the convective heat transfer

coefficient and efficiency.
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Figure S3. Relationship between the convective heat transfer coefficient and efficiency.

Figure 54 shows the flow boiling effects with the copper wall sets as a material for all the

boundaries of the rectangular mini-channel with increasing temperature at the top and bottom walls

of the channel.
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Flow boiling with increasing temperature at the top and bottom walls (copper materials)
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Figure S4. Flow boiling with increasing temperature (copper wall materials)

2.3 The pressure, velocity, and temperature distribution in the microflow with increasing and decreasing

temperature along the top and bottom walls considering phase change inside the channel in the phase-field

Figure S5 presents the graph of temperature vs. time for the different wall materials at the same

velocity.

Point Graph: Temperature (K)
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Figure S5. Graph of the temperature VS time with different wall materials at the same velocity.

Figure S6 shows the graph of temperature vs. time when v=0, and v#0 with the same material at the

walls. In both situations, the temperature behaves the same versus the time.
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2.4 Dynamic heat transfer with increasing temperature along the top and bottom walls based on the

approximative model of single-phase flow.
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Figure S7. Dynamic of heat transfer of fluids with increasing temperature at the top and bottom side of the

channel at the different operating time from t=0s to t =0.2 s. [A-B-C] inlet of the channel, [A1-B1-C1] Isothermal

contour of one portion of the channel along with the horizontal position (values are plotted randomly), [A2-B2-

C2] Outlet of the channel. (no wall materials).

At t = 0s; Figure S7 [A-A2] shows that the distribution of temperature and velocity is consistent

in the channels from inlet to outlet. The water near the wall has a higher temperature indicated by

the yellow color in [A1] Figure S7. The detailed temperature data along the horizontal direction at

different positions of the channel, as shown in Table S7.
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Table S7. Data along the channel at different horizontal positions.

Case 2: Dynamic heat transfer with increasing temperatures along the top and bottom walls

Time: 0s
Position (mm) A: X=-71 B: X-41 C:X=10 D: X=31 E: X=61 F: X=724
Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8
Temperature (K) 293.15 293.15 293.15 293.15 293.15 293.15
Time: 0.1s
Position (mm) A: X=-71 B: X=-41 C:X=-1 D: X=31 E: X=61 F: X=724
Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8 Y=-30.8
Temperature (K) 295.23 365.78 389.19 404.14 417.25 426.10
Time : 0.20s
Position (mm) A:X=-71 B: X=-41 C X=-1 D: X=31 E: X=61 F: X=724
Y=-30.8 Y=-30.8 Y=-30.8 =-30.8 =-30.8 Y=-30.8
Temperature (K) 306.69 377.5 438.91 462 483.60 494.28

At t = 0.1s; Figure S7 [B-B2] testifies that there is a small change of temperature and velocity in
the mini-channel. The fluid penetrates the entire mini-channel with a fairly considerable velocity at
its center marked by an orange color. The temperature of the walls is still hot but decreases because
the fluid partially transports the heat during its passage in the channel. At a distance of about 30mm
at the entrance to the channel, the walls are less hot because the fluid penetrates the canal. This cold
fluid gradually spreads towards the warm parts of the channel due to the velocity, and there is a
difference in coloration from the inlet to the outlet of the channel. The portion of the contour
isothermal channel [B1] in Figure S7 indicates that the temperature varies from 295.23K to 426.10K,
as presented in Table S7.

At t = 0.20s; Figure S7 [C-C2] attests a large change of temperature distribution in the horizontal
mini-channel. The yellow coloration at the outlet in [C2] shows that the heat removed from the
channel is considerable because of the fluid moves with a velocity of about 0.4 m / s as indicated by
the orange coloration in its center and a velocity of about 0.3 m / s yellow-colored at the outlet [C2].
The portion of the contour isothermal channel in Figure S7 [C1] indicates that the temperature varies
from 306.69K to 494.28K. Based on these values, the gradient temperature is operational, and the

cooling is effective in the mini-channel.
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