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To achieve better comprehensive heat transfer performance of corrugated micro-
channels, this study used 3-D conjugate heat transfer numerical method to com-
pare cosine shaped and zigzag shaped corrugated micro-channels with secondary
channels. The results indicate that reducing the wavelength of corrugated micro-
channels increases the number of peaks and valleys, and significantly enhances the
secondary flow intensity of the secondary channel. When the Reynolds number
equals 510, the heat transfer coefficient for cosine micro-channels with wave-
lengths of 2500 um and 1250 um increases of 47% and 127% compared to that
with wavelength of 5000 um. The heat transfer characteristics of cosine channels
outperformed zigzag channels at lower Reynolds number, but beyond a critical
Reynolds number of ~680, the zigzag geometry with wavelengths of 2500 um and
1250 pm exhibited a superior heat transfer coefficient and a lower thermal resi-
stance. The performance evaluation shows that cosine channels have better overall
thermal performance at a wavelength of 5000 um. However, as the wavelength decre-
ases, the performance advantage reverses with an increase in Reynolds number. Spe-
cifically, for a wavelength of 2500 um, the cosine type micro-channel provides opti-
mal temperature control under low pressure drop conditions, while the zigzag type
micro-channel performs better under high pressure drop conditions.

Keywords: corrugated micro-channel, secondary channel,
heat transfer enhancement, performance evaluation.

Introduction

With the rapid development of high performance computing, 5G/6G communication,
high power electronics, efc., the power density of electronic components and systems is show-
ing explosive growth. The resulting high heat flux density has become a key bottleneck restrict-
ing the improvement of equipment performance and long-term stable operation. High temper-
ature not only leads to performance degradation of semiconductor devices, but also significantly
accelerates failure mechanisms such as material aging and solder joint fatigue, seriously threat-
ening equipment life [1]. In the field of green energy, the bipolar plate of proton exchange
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membrane fuel cells and the thermal management system of large lithium-ion battery packs
both require efficient heat exchange technology to maintain an efficient constant temperature
environment, which is crucial for improving energy conversion efficiency and extending ser-
vice life [2, 3].

Micro-channel liquid cooling technology, with its compact structure and extremely
high heat dissipation efficiency, is considered as a promising solution to addressing the heat
dissipation challenges of high power density electronic devices and lithium-battery thermal
management [4]. However, micro-channel cooling techniques still face problems of higher flow
resistance and the local hotspots. To overcome the above shortcomings, researchers have pro-
posed various micro-channel structure optimization strategies. Common strategies include ge-
ometric deformation of channels such as corrugated, serpentine, fractal channels, etc [5]. These
channel designs aim to disrupt the boundary-layer through periodic perturbations, enhance fluid
mixing and turbulence, and thus improve heat transfer coefficients. Among different micro-
channel structures, corrugated micro-channels are easy to process and widely used in fields
such as chemical and refrigeration industries. The flow recirculation and secondary flow struc-
tures caused by the bending of corrugated micro-channels are the main mechanisms for heat
transfer enhancement [6]. Previous research has found that reducing the wavelength and in-
creasing the amplitude of corrugated micro-channels are beneficial to improving their heat dis-
sipation performance to a certain extent [7]. Dai et al. [8] found that zigzag type corrugated
micro-channels have a higher utilization rate of heat transfer area, and therefore have better heat
transfer performance than sinusoidal channels. Parlak [9] found that when the Reynolds number
is between 100-400, the Nusselt number of the wavy micro-channel is 10% higher than that of
the zigzag micro-channel. Xie et al. [10] compared and analyzed longitudinal coronal micro-
channel and transverse micro-channel (TWC), and found that TWC has better heat dissipation
effect considering pressure drop loss. Lin et al. [11] found that reducing the wavelength and
increasing the amplitude along the fluid flow direction gradient is beneficial for reducing ther-
mal resistance and improving temperature uniformity. Caceres-Gonzalez et al. [12] proposed a
fractal micro-channel structure that combines the drag reduction effect brought by bifurcation
with the heat transfer enhancement effect brought by sinusoidal channels.

The secondary channel is a research hotspot for enhancing heat transfer in micro-
channels due to its good fluid mixing characteristics and the effect of increasing heat transfer
area. Through design, it is possible to introduce secondary channels without increasing flow
resistance, which is also its advantage as an enhanced heat transfer structure. Ghani et al.[13]
proposed a technique for mixing ribs in secondary channels and parametrically studied the in-
fluence of channel geometry parameters on flow resistance and heat transfer processes. Japar
et al. [14] summarized some commonly used passive techniques in micro-channels and com-
pared micro-channels with different ribs and secondary channels. These results showed that
micro-channels with triangular cavities, rectangular ribs, and secondary channels can provide
more flow surfaces, help reduce flow resistance. Yang and Cao [15] applied secondary micro-
channel technology to manifold micro-channels and studied the effect of the relative width of
the secondary channel. The study found that when the relative width of the secondary channel
was 1, the heat sink performed the best. Mao et al. [16] proposed a wavy micro-channel with
manifolds and secondary channels, and found that the optimal heat dissipation effect is achieved
when the width of the secondary channel is about 0.7 times the width of the main channel and
the rib width at the inlet of the manifold is the same as the inlet width of the manifold.
Duangthongsuk and Wongwises [17] compared the heat transfer characteristics of single cross
cutting zigzag flow channels and continuous zigzag flow channels, and found that the Nusselt
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number of zigzag channels with cross cutting in the Reynolds number range of 2000 to 8000 was
2%-6% higher than that of continuous channels. Shi et a/. [ 18] optimized the relative width, pitch,
and angle of the secondary channel, and found that the relative width of the secondary channel
had the most significant impact on flow and heat transfer, while the relative pitch of the secondary
channel had the least impact. Kumar et al. [19] proposed a corrugated micro-channel with
branches and studied the effect of secondary channel distance. The study found that heat transfer
is stronger when the secondary channel width is equal to the main channel width.

According to the literature review, it can be found that there is still limited compara-
tive research on the effects of secondary channels on the heat transfer performance of corru-
gated micro-channels. Thus, this study conducts in-depth research on the flow and heat transfer
performance of a combined micro-channel structure consisting of corrugated micro-channels
and secondary channels. The main idea of this combination design is to improve the heat dissi-
pation characteristics of the heat exchanger without increasing the flow resistance too much.

Numerical model

Governing equations and data reduction

The caculation in the study follows the assumptions: The flow is single-phase laminar
and incompressible. Flow and heat transfer are both in steady-state. The thermophysical prop-
erties of fluids and solids are constant. Neglecting gravity and radiative heat transfer.

The governing equations for mass, momentum, and energy can be expressed as:

— Mass conservation equation
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— Energy conservation equation for fluid region:
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where u, v, and w [ms™'] are the velocity components in the x-, y-, and z-directions, p [Pa] — the
fluid pressure, T [K] — the temperature, p [kgm—] — the fluid density, u [Pa s] — the hydrody-
namic viscosity, ¢, [Jkg'K™!] — the specific heat capacity, and A [Wm™'K~'] — the thermal con-
ductivity. The subscripts f and s, respectively, represent fluids and solids.
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The Reynolds number is expressed in the below equation:

D,
Re =220 ()
U
where the hydraulic diameter, Dy, is calculated by 2H.-W/(H: + Wr).
The average heat transfer coefficient, 4, can be calculated as:
A
h = _ o (®)
Ac (tw - tf )
where ¢ is the heat flux of heated wall with the area of Apm, Ac — the convective heat transfer
surface with an average temperature of #, and # — the average fluid temperature.
The Nusselt number is expressed as:

Ny =-—2—" 9
7l ()]
The Darcy friction factor is represented as:
ApD
fe (10)
~pu’L
) P
Then the overall performance evaluation criteria (PEC) is defined as:
Nucorrugated
N
PEC = ——tesu (11)
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The thermal resistance, Rr, is used to quantitatively describe the temperature control
performance:

T
RT — max in (12)

Geometric model and boundary conditions

The structure of a multi-channel corrugated micro-channel heat sink is shown in fig.1.
The heat dissipation area is covered by the micro-channel, with a length, L, of 12.5 mm. The
material of the micro-channel heat sink is
copper, and the cooling working fluid is
deionized water. Due to the periodic ar-
rangement of ribs and channel structures
in corrugated micro-channel heat sinks,
typical units can be selected as computa-
tional domains. The selected typical unit
cross-section is also shown in fig.1, which
includes the entire rib and two half chan-
nels on both sides of the rib. Symmetric

boundary conditions are applied to the igure 1. Schematic of a typical corrugated
center of the channel. The heat flux on the micro-channel heat sink structure
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substrate wall of the micro-channel is 50 W/cm?. The temperature of the inlet is set as 293.15
K, and the inlet velocity ranges from 0.5-2.5 m/s with a step of 0.5 m/s. The outlet is assumed
to a pressure outlet boundary with a gauge pressure of 0 Pa. The other surfaces of the typical
unit are set as adiabatic boundary. The channel width is ., the channel height is 4., the rib
width is W;, and the substrate thickness is 4s. The values of W, W, hc, and ks are 300 um, 300
pm, 400 pm, and 200 pm.

Figure 2(a) shows a typical unit of conventional straight micro-channel (CSM) with a
whole rib and two half micro-channels. Figures 2(b)-2(g) show corrugated micro-channels with
secondary channels, which can be divided into two types: cosine type and zigzag type. The
secondary channel width is defined as W;, and the value equals 200 pum.

(c) A =2500 um

(d) 2 =1250 um

NPNZNZNZINZINZNZINZINZIN#

(€) A =5000 um

e B, papaEeSeS
(@) A =1250 um
SEiNFINFNFNsNsNsNENzIN=

(f) 2 =2500 um

Figure 2. Geometric configuration of the micro-channels;

(a) CSM, (b) cosine micro-channel with secondary channel at a
wavelength of 5000 pm (CMS-5000), (c) cosine micro-channel with
secondary channel at a wavelength of 2500 pm (CMS-2500),

(d) cosine micro-channel with secondary channel at a

wavelength of 1250 pm (CMS-1250), (e) zigzag micro-channel with
secondary channel at a wavelength of 5000 pm (ZMS-5000),

(f) zigzag micro-channel with secondary channel at a

wavelength of 2500 pm (ZMS-2500), (g) zigzag micro-channel with
secondary channel at a wavelength of 1250 pm (ZMS-1250)

Mesh independence test and model validation

The structured grid used in this study is generated by ICEM software. The commercial
software ANSYS FLUENT is used to solve the governing equations. The SIMPLE algorithm
is utilized for solving the pressure-velocity coupling equation. Both of these equations are dis-
cretized by a second-order upwind scheme. The straight micro-channel is used for grid inde-
pendence test. As shown in fig.3, when the grid quantity is 223608, the pressure drop and
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thermal resistance show a slower trend with the increase of grid quantity, meeting the require-
ments of grid independence assessment. The grid generation adopts a structured partitioning
strategy, with a minimum grid spacing of 10 um near the fluid-solid coupled wall. Local refine-
ment can better capture changes in velocity and temperature near the areas with large gradients.
The grid size in the flow direction is 70 um, and the grid division along the flow direction is
sparser compared to the micro-channel height direction to reduce computational resource con-
sumption.

3800 0.6985 58
—O— Pressure drop
—O— Thermal resistance - 567 = Experimental results
37501 70.6980 E 54 Simulation results
2 E  5eod
& 06975 S 952
& 37007 8 9507
° £ .5
o 106970 § @ 487
2 k7] s
é 3650 8 2 461
E 10.6965 (—éj @ 44]
1 @ ]
. {osoeo £ 42
40
3550 4 : 4 4 0.6955 38 T T T
0 100000 200000 300000

Grid number

Figure 3. Grid independence test
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Figure 4. Temperature distribution of

the heated wall at the Reynolds number of 1000

The 3-D laminar flow model used in this study has been validated in previous research
[20]. In order to further validate the model through experimental data, this paper constructed a
typical micro-channel unit with a length of 10 mm based on the research results of Wang et al.
[21]. The channel width of the constructed unit for verification is 350 um, the depth is 500 pm,
the channel substrate thickness is 500 um, the rib width on both sides of the channel is 200 um,
and the thickness of the upper cover plate of the channel is 450 um. Symmetrical boundary
conditions are taken for the central cross-sections of the ribs on both sides of the micro-channel.
The inlet flow rate is calculated based on the Reynolds number in the literature, and the Reyn-
olds number of the verified case is 1000. The inlet temperature is 293 K and the outlet gauge
pressure is set to 0 Pa. The heating heat flux on the bottom wall is 100W/cm?. Figure 4 shows
the comparison between the numerical simulation results of the model used in this study and
those in the literature. It can be seen from the figure that the single-phase flow heat transfer
model used in this paper can effectively predict the temperature distribution law of the heating
surface. On the outlet side of the micro-channel, due to the assumption of neglecting contact
thermal resistance in the model, the predicted temperature value from numerical simulation is
slightly lower than the experimental results.

Results amd discussions

Fluid flow characteristics

Figure 5 depicts the velocity distribution in the center plane of the micro-channel
height direction at an inlet velocity of 1.5 m/s. As for the corrugated micro-channel with sec-
ondary channel, the high-speed and low-speed zones alternate within the micro-channel, form-
ing a periodic velocity field structure. The presence of secondary channels allows a portion of
the fluid to be distributed into them, which will be beneficial for enhancing heat transfer. As
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the wavelength of the corrugated micro-channel decreases, the fluid velocity in the secondary
channel will increase.

% -1
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Figure 5. Velocity contours in the center plane of the micro-channel height
direction at an inlet velocity of 1.5 m/s; (a) CSM, (b) cosine micro-channel
with secondary channel at a wavelength of 5000 pm (CMS-5000),

(c) cosine micro-channel with secondary channel at a wavelength of

2500 pm (CMS-2500), (d) cosine micro-channel with secondary channel at
a wavelength of 1250 pm (CMS-1250), (e) zigzag micro-channel with
secondary channel at a wavelength of 5000 pm (ZMS-5000),

(f) zigzag micro-channel with secondary channel at a

wavelength of 2500 pm (ZMS-2500), (g) zigzag micro-channel with
secondary channel at a wavelength of 1250 pm (ZMS-1250)

Figure 6 shows the velocity vector details of the secondary channel in cosine micro-
channels with wavelengths of 1250 um, figs. 6(a) and 6(b), and 2500 pum, figs. 6(c) and 6(d).
The velocity vector diagram clearly shows the secondary flow with higher velocity generated
in micro-channel with shorter wavelength. From the velocity vector diagram, it can also be
observed that the direction of flow velocity in the secondary channel points to the outside of
the peaks and valleys of the corrugated micro-channel.

Figure 7 depicts the pressure drop comparison for different micro-channels. The pres-
sure drop for all the corrugated micro-channels is higher than the straight micro-channel. The
increase of the pressure in corrugated micro-channels is mainly due to the wavy structure and
the secondary flow. In the same type of corrugated micro-channel, micro-channels with smaller
wavelengths have the highest pressure drop. The decrease in wavelength increases the number
of peaks and valleys of corrugated micro-channel. When fluid-flows through the protrusions of
corrugated micro-channel, it is easy for flow separation to occur on the downstream side of the
protrusions. In addition, the secondary channel structure at the peak and valley positions can
induce the generation of secondary flow perpendicular to the main flow direction as shown in
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fig. 6. When the fluid-flows
through each corrugated unit, it
undergoes acceleration, decelera-
tion, and direction change. There-
fore, wavelength reduction in-
creases pressure drop. Comparing
cosine and zigzag micro-chan-
nels, it can be found that the dif-
ference in pressure drop between
the two micro-channels is small at
higher wavelengths. However,
when the wavelength decreases to
1250 pum, the pressure drop of co-
sine type micro-channels is obvi-
ously higher than that of zigzag
type micro-channels.

Heat transfer characteristics

Figure 8 displays the tempera-
ture distribution at the bottom

temperature of traditional straight
micro-channels is the highest
among different micro-channels, with the
highest temperature reaching around 320
K. From the figure, it can be seen that the
two types of corrugated micro-channels
have a significant cooling effect on the
heating surface. The cosine micro-channel
and zigzag micro-channel with a wave-
length of 5000 um reduced the maximum
temperature of the micro-channel bottom
wall by about 5 K, while the micro-chan-
nels with wavelengths of 2500 pm and
1250 pm reduced the maximum tempera-
ture by about 10 K and 15 K, respectively.

Figure 9 compares the heat transfer
coefficient of different corrugated micro-

Pressure drop [Pa]

(©
wall at an inlet velocity of 1.5m/s.  Figure 6. Velocity vectors distribution of cosine micro-channel
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Figure 7. Comparison of the pressure drop

channels. It can be seen that the traditional straight channel shows the lowest heat transfer co-
efficient. The results also showed that the decrease in wavelength of the corrugated micro-
channel significantly increased the convective heat transfer coefficient. In cosine type micro-
channels, when the Reynolds number is 510, the heat transfer coefficients of micro-channels
with wavelengths of 2500 um and 1250 pum are about 26000 W/m?K and 40130 W/m?K, re-
spectively. Compared with the convective heat transfer coefficient of 17700 W/m’K at a wave-
length of 5000 um, the convective heat transfer coefficients have increased by about 47% and
127%, respectively. The heat transfer coefficient of cosine type micro-channels is higher than
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Figure 8. Temperature contours in the bottom wall of the micro-channel
at an inlet velocity of 1.5 m/s; (a) CSM, (b) cosine micro-channel with
secondary channel at a wave-length of 5000 pm (CMS-5000),

(c) cosine micro-channel with secondary channel at a wavelength of

2500 pm (CMS-2500), (d) cosine micro-channel with secondary channel at
a wavelength of 1250 pm (CMS-1250), (e) zigzag micro-channel with
secondary channel at a wavelength of 5000 pm (ZMS-5000),

(f) zigzag micro-channel with secondary channel at a

wavelength of 2500 pm (ZMS-2500), (g) zigzag micro-channel with
secondary channel at a wavelength of 1250 pm (ZMS-1250)

that of zigzag type micro-channels at the wavelength of 5000 pm within the studied Reynolds
number range. At wavelengths of 2500 pm and 1250 um, when the Reynolds number is below
680, the heat transfer coefficient of cosine type micro-channels is obviously higher than that of
zigzag type micro-channels. When the Reynolds number exceeds 680, the result shows a rever-
sal, that is, the heat transfer coefficient of zigzag type micro-channels exceeds that of cosine
type micro-channels.

Figure 10 provides a comparison of the thermal resistance of different micro-channels.
The increase in Reynolds number significantly reduces the thermal resistance. When the Reyn-
olds number increases from 170 to 850, the thermal resistance of the traditional straight channel
decreases from 0.459 to 0.245 (cm?K/W). As the wavelength of the corrugated micro-channel
decreases, its thermal resistance shows a decreasing trend due to the increase in convective heat
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Figure 9. Comparison of the heat transfer coefficient Figure 10. Comparison of the thermal resistance

transfer. When the Reynolds number is 510, the thermal resistance of a traditional straight chan-
nel is 0.298 (cm?K/W), while the thermal resistance of cosine type micro-channels with wave-
lengths of 5000 um, 2500 pm, and 1250 um decreases to 0.21, 0.145, and 0.108 (cm?K/W),
respectively. At the wavelength of 5000, the thermal resistance of cosine type micro-channels
is lower than that of zigzag type micro-channels throughout the entire Reynolds number study
range. When the wavelength is 2500 um and the Reynolds number reaches around 680, the
thermal resistance of cosine type micro-channel intersects with zigzag type micro-channel with
the variation of Reynolds number. At a wavelength of 1250 um, the thermal resistance of cosine
type micro-channels is slightly lower than that of zigzag type micro-channels at high Reynolds
numbers, and their relative magnitude
remain unchanged within the studied e —=— Cosine-Re = 510—8— Cosine-Re = 850
Reynolds number range. e o Lol O G
To reveal the mechanism of the
transition in heat transfer performance
around Reynolds number of 680 when
the wavelength decreases, fig. 11
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wavelength of 2500 pm and Reynolds
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that in corrugated micro-channels with coefficient for cosine type micro-channel and zigzag type
secondary channels, the thermal micro-channel at Reynolds Numbers of 510 and 850

boundary-layer continuously develops

in the channel region, and when entering the secondary channel region, the development of the
boundary-layer is interrupted and redeveloped at the new rib leading edge. It can also be ob-
served that the local heat transfer coefficient of cosine type micro-channels is higher than that
of zigzag type micro-channels throughout the entire micro-channel at low Reynolds numbers,
which results in a higher average heat transfer coefficient of cosine type micro-channels at low
Reynolds numbers. At the Reynolds number of 850, the local heat transfer coefficient of cosine
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micro-channels is lower than that of zigzag micro-channels at different positions in the flow
direction. This is the reason why the average heat transfer coefficient of zigzag micro-channels
reverses at a Reynolds number of 680.

Comprehensive heat transfer performance evaluation

In the practical application of micro-channel heat exchangers, it is necessary to con-
sider both heat transfer efficiency and flow resistance. The commonly used evaluation index
for micro-channel heat transfer characteristics considering flow resistance is the PEC. As shown
in fig. 12, the PEC values of all corrugated micro-channels are greater than 1, indicating that
corrugated micro-channels with secondary channel can enhance heat transfer compared to tra-
ditional straight micro-channel while considering pressure drop. In cosine type micro-channels
or zigzag type micro-channels, the PEC shows an increasing trend as the wavelength decreases,
indicating that reducing the wavelength is beneficial for improving the overall heat transfer
efficiency of micro-channels. For cosine type micro-channels, when the Reynolds number is
510, the PEC of micro-channels with wavelengths of 1250 pm and 2500 um is 1.59 and 1.36
times that of micro-channels with wavelengths of 5000 p m, respectively. At the same Reynolds
number, the PEC of zigzag micro-channels with wavelengths of 1250 pum and 2500 pm are 1.69
and 1.31 times higher than those with wavelengths of 5000 um, respectively. It can also be seen
from the graph that as the Reynolds number increases, the increase in PEC number of different
types of micro-channels slows down. When the wavelength is 5000 pm, the PEC of cosine type
micro-channels is higher than that of zigzag type micro-channels at different Reynolds numbers,
indicating that cosine type micro-channels have better comprehensive heat transfer efficiency
at larger wavelengths. When the wavelength is reduced to 2500 pm and 1250 pm, it can be
observed that as the Reynolds number increases, the PEC of cosine type micro-channels and
zigzag type micro-channels intersect at larger Reynolds numbers. This is mainly due to the fact
that at high Reynolds numbers, the heat transfer coefficient of zigzag type micro-channels grad-
ually exceeds that of cosine type micro-channels.
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Figure 12. Comparison of the PEC Figure 13.Thermal resistance vs. pressure drop

Figure 13 depicts the variation of thermal resistance with the pressure drop. It can be
observed that the thermal resistance shows a negative exponential power function change with
pressure drop, indicating that the reduction of thermal resistance in micro-channels comes at
the cost of sacrificing pressure drop. The thermal resistance and pressure drop curve of tradi-
tional straight micro-channels is located in the upper right quadrant, indicating that the cooling
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effect obtained by using traditional straight channel is the worst at the cost of consuming the
same pressure drop. For cosine type micro-channels and zigzag type micro-channels with a
wavelength of 5000 pum, it can be found that within the parameter range studied, the compre-
hensive heat dissipation effect of cosine type micro-channels is better than that of zigzag type
micro-channels. For micro-channels with a wavelength of 2500 pm, the cosine type micro-
channels have better comprehensive heat dissipation effects under low pressure drop, while
under high pressure drop, the comprehensive heat dissipation effect of zigzag type micro-chan-
nels is superior to cosine type micro-channels. The comprehensive heat transfer effect of the
two types of micro-channels with a wavelength of 1250 um is not significantly different on the
entire curve. Overall, the comprehensive heat transfer performance of cosine micro-channels
with a wavelength of 2500 um is most effective at low pressure drop, while the zigzag micro-
channel with a wavelength of 2500 um performs better in the high pressure drop range.

Conclusions

This study focuses on the flow and heat transfer processes of two types of corrugated
micro-channels with secondary channels. The following conclusions are drawn as.

¢ Reducing the wavelength of corrugated micro-channels with secondary channels, due to the
increase in the number of secondary channels, generates stronger secondary flow in the sec-
ondary channels, resulting in higher pressure drop. The pressure drop of cosine type micro-
channels with the same wavelength is higher than that of zigzag type micro-channels.

o Compared to traditional straight channel, cosine type and zigzag type corrugated micro-
channels with secondary channels have significantly improved heat dissipation due to the
generation of secondary flow. Moreover, as the wavelength of the corrugated micro-channel
decreases and the secondary flow intensity increases, the heat transfer effect will be further
improved. At lower Reynolds numbers, cosine type micro-channels show larger heat trans-
fer coefficient, while zigzag type micro-channels exhibit improved local heat transfer coef-
ficients at higher Reynolds numbers.

e When the wavelength is 5000 um, the comprehensive heat transfer performance of cosine
type micro-channels is better than that of zigzag type micro-channels. However, as the
wavelength of micro-channels decreased, the comprehensive heat dissipation characteristics
reverse with the increase of Reynolds number. In the curve of thermal resistance versus
pressure drop, the cosine type micro-channel with a wavelength of 2500 um has the best
temperature control effect in the low pressure drop region, while the zigzag type micro-
channel with a wavelength of 2500 pm performs better in the high pressure drop region.
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