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Abstract 

This study demonstrated the single phase boiling heat transfer of water in horizontal multiport minichannels. The 
experimental data were observed in aluminum tube of 7.9 x 2.5 mm (width x high) with 7 rectangular channels and 
the length of 500 mm, the Reynolds number of 1400 – 4200, and heat fluxes of 3 – 6 kWm-2. The effects of mass 
fluxes and heat fluxes on heat transfer coefficient were analyzed. The transition of flow regime was observed at the 
Reynolds number of 3000. Finally, the CFD simulation was also set up and compared with the experimental data. The 
results showed that the CFD simulation was in well agreement with the experimental ones.   
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1. Introduction 
 
The flat-tube heat exchangers with multiport mini channel are widely used in the automotive 

applications nowadays. This tube type has many advantages compared to conventional tube such as the 
more compactness, low refrigerant charge and lower air side pressure drop. From the last decades, 
multiport minichannels have been taken great attention from the researchers. There are various studies 
about the heat transfer characteristics and pressure drop of multiport minichannels published in the open 
library.  

 

* Corresponding author: Prof. Oh Jong-Taek. Tel.: +82-61-659-7273; fax: +82-61-659-7279. 
E-mail address: ohjt@chonnam.ac.kr. 

Available online at www.sciencedirect.com

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.07.660&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2015.07.660&domain=pdf


 Nguyen Ba Chien et al.  /  Energy Procedia   75  ( 2015 )  3180 – 3185 3181

Xiulan Huai et al. (2004) performed the flow boiling heat transfer of carbon dioxide in multiport mini 
channel. The experimental data was measured for following condition: the pressure ranging from 3.99 to 
5.38 MPa, inlet temperature of CO2 from 3.08 to 16.96 ºC, heat fluxes from 10.1 to 20.1 kW/m2, mass 
flux from 131.4 to 399 kg/m2s, and vapor quality from 0 to 1. The results indicate that pressure drop along 
the test section is very small and two-phase CO2 flow exhibits a higher heat transfer coefficient than that 
of the single-phase liquid or vapor flow. Cavallini et al. (2005) demonstrated the two phase frictional 
pressure gradient of R236ea, R134a and R410A inside multi-port mini-channels. The results presented 
cover a wide range of the reduced pressure, from 0.1 up to 0.5. The results show that R410A has 
significantly lower pressure drop in comparison with R134a and R236ea at the same operating conditions 
because of its physical properties. The low pressure of fluid R236ea shows the highest pressure gradient 
among the three fluids. Caroline et al. (2011) evaluated the liquid phase heat transfer in multiport 
minichannels with different cross-section geometry. The experimental data was performed with four 
different secondary refrigerant liquids: water, propylene glycol, Hycool 20 and Temper-20. This study 
focused on the laminar flow regime and the results showed that the Gnienlinski model predicted well the 
experimental data despite the shape of geometry. Jatuporn et al. (2011) presented the flow boiling heat 
transfer of R134a in the multiport minichannels heat exchangers. The heat exchanger was designed as the 
counter flow tube-in-tube heat exchanger with refrigerant flowing in the inner tube that made from 
multiport aluminum tube and hot water in the gap between the outer and inner tubes. The experiments 
were performed at the heat fluxes between 15 and 65 kW/m2 and mass flux between 300 and 800 kg/m2s 
and saturation pressure ranging from 4 to 6 Bar. The effect of heat flux but mass flux was found in this 
study. However, there are limited studies about the single phase heat transfer characteristics of multiport 
minichannel published in open library.  

Hence, in this study, we focused on the convective heat transfer characteristics of single phase liquid in 
multiport minichannels. The working fluid is water. Furthermore, the experimental data was compared 
with the CFD simulation. These results can be used to optimize the heat exchanger designing process with 
using the multiport aluminum tube. 

2.  Experimental model and CFD simulation set up 
 

2.1 Experimental Apparatus 
 
Fig. 1 (a) shows a schematic diagram of the experimental apparatus. The facility consist of three water 

loops and the data acquisition system. The inner water loop includes a magnetic gear pump, a mass flow 
meter, test section, heating unit, cooling unit and a receiver. The water is delivered to the test section by 
the gear pump. The mass flow rate of refrigerant is measured by a Coriolis mass flow meter and 
controlled by adjusting the pump speed. 

The test sections were made from aluminum flat tube with 7 mini-channels and the effective length of 
500mm. The detail setup of test section is shown in figure 1(b). There are 5 attached positions of T type 
thermocouple along the test section included 2 top and two bottom each. Two absolute pressure 
transmitters were set up at the inlet and outlet of test section to measure the local pressure and to calculate 
the pressure drop. 

The test data were collected using a recorder and analyzed in real time with a PC running the data 
reduction program. All the information about test conditions and test data during the test, were displayed 
on the monitor and test conditions were changed based on this information. Table 1 presented a summary 
of the estimated uncertainty associated with all the parameters at a 95% confidence interval. 

 
2.2 Data reduction 
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Table 1.  Estimated uncertainty 

Parameter Uncertainty 

Temperature ±0.35 (ºC) 

Absolute pressure ±0.2 % 

Mass flow rate of water ±0.2 % 

Heat flux (%) ± 3 % 

Heat transfer coefficient (%) ± 10 % 

 
As shown above table 1, the working fluid was heated by outside hot water using double tube heat 

exchanger with counter flow. Hence the Wilson plot technical was used to calculate the heat transfer 
coefficient of the minichannels.  The overall heat transfer rate was defined as following: 

. LMTDQ UA T          (1) 
Where, U is the overall heat transfer coefficient, A is the surface area of aluminum tube and ∆TLMTD is the 
log mean temperature and can be determined as: 
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Figure 1 (a) Experimental Apparatus; (b) Test section 
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The total thermal resistance of multiport was defined as: 
1 1 1t

o o t m i iUA h A k A h A
        (3) 

Where, ho is the heat transfer coefficient of outside hot water and can be expressed by the following 
equation: 
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Where, Ao is the outside surface area, Tb is the bulk mean temperature of water and Twall is the outside 
wall temperature of tube. Both values were calculated by the average values of inlet and outlet water 
temperature and measurement values of thermocouple, respectively. 

The frictional factor can be calculated by the following equation: 
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2.3 Simulation setup  
 
In this study, the Fluent code was used to simulate the flow boiling characteristics. A 3D model of test 

section was built in Catia and then meshing in Ansys Meshing. The grid model includes 271386 elements 
and 1656690 nodes with tetrahedron and hexahedron shapes. The skewness number was stable about 0.8. 

Since the variation of Re number from 1400 to 4200, both the laminar and turbulent were applied with 
the transition value from laminar to turbulent regime of 2300. For the turbulent regime, the SST k-ω was 
used to simulate the flow. The discretization such as momentum, energy and dissipation rate were 
selected in second order upwind while the pressure drop was chosen as standard.   

3. Result and discussion 
 

Figure 2 illustrates the frictional factor with the variation of heat flux and Reynolds number. The 
results show that the frictional factor is slightly higher with lower heat flux. On the other hand, the trend 
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      Figure 2 Frictional Factor 
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Figure 3 The distribution of temperature and pressure inside the test section 

also depicts that when the Reynolds was about 3000, the tendency of frictional factor changed that a 
significant increase was observed. 

The contours of temperature and pressure distribution of water inside test section are shown in figure 
3. The contours were record in the mid plane of test section. The mass flow rate was set at 150kg/h and 
100 kg/h with the heat fluxes of 3 and 6 kW/m2 for each cases. It can be seen that the temperature and 
pressure were different in single channel. The temperature also increase slower at the center compared to 
the outer side.  

Figure 4 depicts the mean Nusselt number with non-dimensional axial length x*. The Nusselt number 
is high when x* < 0.06 and decrease and keep constantly as theory. The trend also shows that the Nusselt 
increase with the increasing of heat flux.  In addition, the comparisons of Nusselt number between the 
experimental results, the CFD simulation and 2 existing correlations proposed by Glielinski (1989) and 
Mills (1999) are also performed. The CFD simulation results show a good agreement with the 
experimental value for all the cases but two correlations over predict.  
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Figure 4 Variation of Nusselt number 

 
 
 
 
 
 
 
 
 
 
 
 

 

4. Conclusions 
The experimental boiling heat transfer and pressure drop of single phase liquid in multiport 

minichannel were performed in this study. The results show that the frictional factor is slightly higher for 
lower heat flux while the Nusselt number is higher with higher heat flux. Moreover, the transition of 
fractional factor was observer when the Re > 3000. The experimental data were compared with the 
existing correlations in literature. A CFD simulation was also setup and the simulation results were in 
well agreement with the experimental ones.  
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