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Abstract. Microchannels are a heat dissipation technology that emerged for applications where there is a high 

concentration of energy, such as applications in microelectronic circuits and third-generation photovoltaic generation 

with solar concentration. Thus, the analysis of the thermo-hydraulic performance of multi-microchannel heat exchangers 

with rectangular geometry was developed. For the analysis, water was used as the working fluid with different values of 

mass flow, heating powers and inlet temperatures in the heat exchanger. The microchannel heat exchanger was 

experimentally tested with the imposed heat flux varying between 7.29 – 51.09 kW/m2, mass flow rate between 29 – 116 

kg/s.m2, microchannel inlet temperature of 25 and 45°C. The heat transfer values for the base fluid in a fully developed 

laminar regime were compared with classical models for microchannel heat exchangers, with the Shah and London 

correlation showing the best agreement when compared with the experimental data. In hydraulic terms, the values of the 

friction factor are in accordance with the classical theory of fluid mechanics. 
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1. INTRODUCTION 

 

The need to dissipate large amounts of heat in electronic devices to maintain life has led to the development of 

microchannel heat exchangers, introduced by Tuckerman and Pease (1981). These exchangers uses a cooling fluid, which 

can be pure fluids, mixtures, or with nanofluids, as discussed by Rincón (2022). 

The flow conditions influence the overall microchannel heat exchangers performance, in the literature there are works 

where laminar and turbulent flow conditions are used. Sharma et al. (2013) in their studies employed turbulent flow in 

the feed tubes (manifolds) and laminar flow in the microchannel heat sink. In the Mohammed Adham et al. (2013) review 

was observed that works with laminar flow conditions are the most common, which increases the performance of the 

exchangers, in addition, the channels dimensions prevent turbulence development. 

Another aspect studied by Zhong et al. (2014) was the fluid application with phase change, they experimentally 

analyzed the heat transfer during condensation of a liquid-vapor separation microchannel condenser compared to the 

common parallel flow microchannel condenser, the results allowed establishing that the average heat transfer coefficient 

in condensation was higher than common parallel flow exchangers. 

The microchannel heat exchangers improvement involves the proper heat flux distribution in the heat transfer core, 

as studied by Morini and Brandner (2018), the study of the geometry, as shown the works on rectangular (Yang and Du, 

2020; Kim, 2016), circular (Mukesh Kumar and Arun Kumar, 2020) and hexagonal (Alfaryjat et al., 2018) geometry and 

the study of heat sinks in the inlet and the outlet, as raised by Xia et al. (2015) and by Anbumeenakshi and Thansekhar 

(2014). 

The demand for higher electronic circuit performances associated with microchannels has led to the study and 

development of differentiated geometries, as addressed by Lee et al. (2012), who made a comparison between 

microchannel exchangers with continuous fins and microchannel exchangers with 27° inclined sectional oblique fins, 

which allowed to establish oblique finned microchannel increased and uniform the heat transfer performance, relative to 

the conventional microchannel. Similarly, Xia et al. (2015) developed an experimental and numerical study of the 

influence of semicircular cavities along the channel walls on the microchannel performance compared to channels with 

the same dimensions but with rectangular geometry, with results showing a 1.24% reduction in thermal performance and 

an 18.99% reduction in pumping power. Khoshvaght-Aliabadi et al. (2017) also conducted an experimental and numerical 

study comparing rectangular microchannels with wavy microchannels by varying the microchannel waves frequency and 

concluded that the wavy along the microchannel walls increases heat transfer by causing chaotic advection in the working 

fluid. Another experimental and numerical study by researchers Khoshvaght-Aliabadi et al. (2017b) analyzed the flow 
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and heat transfer of straight and wavy miniature heat sinks (MHSs) with pin-fin interruptions, where the experimental 

results allowed them to establish that interrupted MHSs had better hydrothermal performance. 

In the same way, micro ribbing in microchannels was experimentally analyzed by Esmaili et al. (2018) in which the 

results showed that the ribbed channel with 45° angle had the Nusselt number 3.5 times that of the flat channel and the 

use of ribbing in the microchannel showed up to 80% reduction in thermal resistance. Pan et al. (2019) conducted a 

comparative experimental study between conventional rectangular walled microchannels with rectangular walled 

microchannels with semicircular cavities along the wall, and the microchannel that showed the best heat transfer 

performance was with cavities spaced apart at the beginning and concentrated at the end. Peng et al. (2021) experimentally 

analyzed microchannels with zigzag channels to verify the influence of the incidence angle on microchannel performance, 

and the analysis of the experimental results showed that the smaller the incidence angle the better the hydraulic 

performance as a consequence of a lower pressure drop and friction between the fluid and the microchannel walls. 

Finally, Pandey et al. (2022) performed a comparison between parallel microchannels and pin-fin heat sinks, 

concluding that the parallel microchannel heat sink showed better performance compared to the pin-fin heat sink and fins, 

however, the pressure drop was more favorable for the pin-fin fin heat sink. 

In this work it was developed the experimental analysis of the thermal-hydraulic heat exchangers performance with 

rectangular microchannels, due to the simplicity of construction and water as a working fluid. Enabling the comparative 

analysis of the heat transfer coefficient in the channels with the classic convection correlations. 

  

2. METHODOLOGY 

  

2.1 Active cooling system 

 

In the study of the active cooling system was used a rectangular section microchannel heat exchanger. This device 

used in this research, was designed, and mechanized by Fernandes (2017) being developed at the Laboratory of Nano, 

Microfluidics and Microsystems LabMEMS/COPPE/UFRJ. 

Fernandes (2017) designed a micro heat exchanger proposing an optimized geometry for a heat exchanger with 24 

microchannels with rectangular section of 400 µm wide, 945 µm high and 13 mm long and inlet/outlet plenum of 

trapezoidal shape. In order to increase the active cooling area and decrease the microchannel differences. 

Figure 1 shows a microchannel heat exchanger exploded view. It has 6 standard M3 threaded holes, which comprise 

the effective cooling exchanger area. It consists of the fluid inlet/outlet plenum and the microchannels. It is important to 

point out that the holes located under the micro exchanger centerline help fixing this device to the surface to be cooled by 

means of nuts with a through bolt. The holes located at the corners are used to join the micro exchanger base and cover. 

The micro exchanger cover can also be seen, which has two standard M5 thread holes. The holes have the function of 

containing the two connection pieces of the quick coupling with M5 thread and the 4 mm hose inlet. Figure 2 illustrates 

the main geometric parameters used in the heat transfer calculation in the microchannel heat exchanger. Table 1 shows 

the values of the geometric parameters of the microchannel heat exchanger shown in Figure 2. 

 

 

  

 

 

 

Figure 1. Microchannel heat exchanger exploded view. 
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Figure 2. Geometric parameters used in the heat transfer calculation in the microchannel heat exchanger. 

 

Tabela 1. Parâmetros geométricos do trocador de microcanais. 

 

Description 

 

Symbol 

 

Value 

 

Width of the area occupied by microchannels Wmt 13.28 mm 

Microchannels width Wmc 400 μm 

Microchannels height Hmc 945 μm 

Wall thickness between microchannels emc 160 μm 

Microchannels Length Lmc 13 mm 

Microchannel heat exchanger base thickness emt 2.05 mm 

Number of microchannels in the heat exchanger Nmc 24 

Equivalent hydraulic diameter Dh 562 μm 

Microchannel aspect ratio α 2.36 

Microchannel cross sectional  Amc 0.378 mm2 

Total heat exchange area in microchannels Aw 29.77 mm2 

 

2.2 Convective heat transfer coefficient 

 

Realizing energy balances on the microchannels internal surface, it can be affirmed that the convective heat 

transferred from the microchannel is equal to the fluid gain. In this way the convection heat transfer coefficient to the 

fluid is calculated by Eq. (1), where the log mean temperature difference is defined by Eq. (2). 
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Where 𝑇𝑏𝑖 is the microchannel internal temperature wall that relates the upper base temperature 𝑇𝑏𝑠 according to Eq. 

(3) obtained from the thermal resistance concept that models the heat transferred diffusive process at the base of the 

microchannel heat exchanger. 𝑇𝑖𝑛and  𝑇𝑜𝑢𝑡were respectively the inlet and the outlet heat exchange temperature   
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Where 𝑄𝑒  is the electrical heat transfer, 𝐴𝑚𝑡 is the thermal area, 𝑒𝑚𝑡 is the microchannel heat exchanger base thickness 

and 𝐾𝑚𝑡  is the thermal conductivity of the micro exchanger. 

All the fluids properties were calculated considering the average fluid temperature between the inlet and outlet 

temperatures in the test section, being considered as the reference temperature. The distilled water thermophysical 

properties in the energy balance calculations were determined as a function of temperature using the EES software. 
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2.3 Sieder e Tate empirical correlation  

 

In order to analyze the experimental results of convective heat transfer, it is possible to compare them with classical 

empirical correlation in the literature for the convective heat transfer coefficient in laminar flow. 

The convective heat transfer analysis was performed by comparing the experimental data obtained in this work with 

the data obtained from Sieder and Tate (1936) empirical correlation in Eq. (5), considering fully developed flow and 

laminar regime. Where 𝜇𝑏𝑖  is the fluid dynamic viscosity calculated considering the microchannel internal temperature 

wall 𝑇𝑏𝑖  as reference. 
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2.4 Shah e London empirical correlation 

 

Additional analyses were realized using experimental results and Shah and London (1978) empirical correlation 

presented in Eq. (6). 
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2.5 Friction factor 

 

With the results obtained from the pressure transmitters together with the data obtained from the differential 

transducer. Using Eq. (7) the fluid flowing Darcy factor through the microchannel heat exchanger was estimated. 
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Where 𝑉 is the fluid average velocity, ∆𝑃𝑒𝑥𝑝 is the experimental differential pressure, 𝐷ℎis the hydraulic diameter 

and 𝐿𝑚𝑐  microchannels length. The friction factor experimental results were compared the correlations proposed by Shah 

and London (1978) for fully developed laminar regime flow in rectangular channels, Eq. (8), the variable 𝛼𝑐 is the inverse 

of the aspect ratio (1 𝛼𝑐⁄ ).   
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The friction factor experimental results were also compared with the Hagen-Poiseuille distribution described in Eq. 

(9). 
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3. RESULTS 

 

3.1 Convective heat transfer coefficient and Nusselt number 

 

The analysis of the convection heat transfer results and the calculations performed by the evaluated correlations are 

observed through Figures 3a – 3d, the experimental and theoretical data are presented with the convection heat transfer 

coefficient as a function of the mass velocity. In the Figures 4a – 4d show the Nusselt number as a function of the Reynolds 

number for distilled water. When analyzing the distilled water data, it was observed that the convective heat transfer 

coefficient results showed good agreement in comparison with the correlations chosen in the literature.  The results 

obtained from the mean deviations were 4.55%, 4.97%, 5.86% and 6.35% for Sieder and Tate with used powers of 5 W, 

15 W, 25 W and 35 W respectively, and 2.68 %, 2.77 %, 4.18 % and 4.79 % for the Shah and London correlation under 

the same used powers. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 3. Convective heat transfer coefficient in function of mass velocity for distillated water: (a) Qe = 5 W; (b) Qe 

= 15 W; (c) Qe = 25 W and (d) Qe = 35 W. 

 

Figures 4a - 4d show that for lower mass velocity values the correlations of Sieder and Tate and Shah and London 

were not able to represent the Nusselt number, however for higher mass velocities the correlation of Shah and London is 

able to adequately model the Nusselt number. The deviations obtained for the Nusselt number with the correlations in 

relation to the experimental data were 4.53 %, 4.64 %, 5.00 % and 6.38 % for Sieder and Tate with used powers of 5 W, 

15 W, 25 W and 35 W respectively, and 2.57 %, 2.54 %, 3.31 % and 3.81 % for the Shah and London correlation under 

the same powers used. It is also possible to observe the effect of the supplied power, where for the highest powers the 

experimental results exhibit a greater deviation from the results obtained through the correlations. 

Taking into account that the smallest deviations were obtained with the Shah and London correlation for the 

convective heat transfer coefficient analysis with powers of 5, 15, 25 and 35 W. The Figure 5 presents the comparison 

between the experimental data and the correlation results for pure water, it can be seen that the average deviation between 

the data was 5.1%, except the lowest mass velocities represented by the lowest convective heat transfer coefficients. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 4. Nusselt number in function Reynolds number for distillated water: (a) Qe = 5 W; (b) Qe = 15 W; (c) Qe = 

25 W and (d) Qe = 35 W. 

 

 
 

Figure 5. Experimental data with Shah and London correlation. 
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3.2 Friction Factor, pressure losses e pumping power 

 

The Shah and London model allowed establishing that the friction factor and the Reynolds number are related through 

𝑓𝑅𝑒 = 64.63, showing a deviation of less than 2% compared to the Hagen-Poiseuille distribution. Consequently, the 

Figure 6 presents the behavior of the experimental friction factor when compared with the Hagen-Poiseuille distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Experimental friction factor for water as a function of Reynolds number. 

 

Thus, the analysis of Figure 6 shows that the friction factor has an acceptable fit with the Hagen-Poiseuille 

distribution. However, the experimental data showed lower values than the distribution. The comparison of the mean 

deviations between the experimental data and the values obtained by Eq. (8) were 6.89% for distilled water. 

The experimental pressure drop in relation to the mass velocity in the Figure 7 were compared with the test conditions 

from the work of Peñaranda (2020) for a mixture of water and ethylene glycol (50:50) for the same heat exchanger. In 

this way, it is possible to establish a better hydraulic performance for water, taking into account that the pressure drop 

influences the thermo-hydraulic performance of heat exchangers with microchannels. 

 

 
 

Figure 7. The experimental pressure drops in relation to the mass velocity heat for exchangers with microchannels. 
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Through Figure 7 it is also possible to analyze that the pressure drop presents a behavior directly proportional to the 

mass velocity, and the water and ethylene glycol mixture presents the highest pressure drop values and the greatest 

dispersion between the data found for each mass velocity value. Thus, comparing the analyzed fluid pressure drop values 

for the same conditions in the tests, the water and ethylene glycol mixture presents a pressure drop 309.28% greater than 

distilled water. 

The pumping power calculation is presented Figure 8 for distilled water and the water and ethylene glycol mixture 

Peñaranda (2020) results. 

 

 
 

Figure 8. Pumping power. 

 

The Figure 8 shows that the pumping power and pressure drop (Figure 7) have the same tendency, the two parameters 

are directly proportional in relation to the mass velocity increments.  The maximum values of pumping power were 

respectively 2.17 mW and 8.0 mW for distilled water and the water and ethylene glycol mixture. 

 

4. CONCLUSIONS 

 

The energy balance results applied on the experimental bench, using distilled water as working fluid, showed mean 

deviations smaller than 10% both correlation analyzed. 

The analyzed correlations presented agreement in relation to the experimental results of energy balance for convective 

heat transfer coefficient with distilled water, main for high mass velocity. The values obtained from the average of the 

deviations were 4.55%, 4.97%, 5.86% and 6.35% for Sieder and Tate, and 2.68%, 2.77%, 4.18% and 4 .79% for the Shah 

and London correlation, for power conditions of 5 W, 15 W, 25 W and 35 W. It can be concluded from these correlations 

chosen in the literature that Shah and London correlation is the most recommended in the evaluation of the thermal 

performance of water distilled as working fluid in heat exchangers with rectangular microchannels. 

In terms of pressure loss and pumping power, the experimental Darcy friction factor were adequately represented by 

the literature data and water presented better performances in the pumping power when compared with the water and 

ethylene glycol mixture data. 
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