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Abstract. The heat transfer characteristics of a microchannel condenser in the phase change from 
the vapor phase to the liquid phase depend on many factors such as the physical parameters of the 
working fluid, the cooling fluid, etc. In this paper, the numerical results are clearly presented for the 
condensation profile, the density change, and the temperature of condensed water. Based on the 
results in this study, a function was suggested for predicting a relationship between the temperature 
of condensed water and the mass flow rate of steam from 0.01 g/s to 0.1 g/s. Moreover, the results of 
numerical simulation are in good agreement with the experimental data. In addition, the results 
showed that the condensation profile is not strongly affected the gravitational force.  
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1   Introduction 

Micro technology is widely used by scientists in heat exchangers. Their results are getting better and 
better, such as increasing heat transfer rate and reducing heat exchanger size. In relation to the field of 
microchannel heat transfer, Asadi et al. [1] reviewed heat transfer and pressure drop characteristics of 
single and two-phase microchannels. They found that choosing a reasonable and proper mixture 
viscosity correlation is crucial to a successful interpretation of the two-phase frictional pressure drop 
data. We also reviewed to promote the effects of microchannel thermal efficiency. Xia and Chan [2] 
studied the effect of heat transfer using micro channel. In this study, a simulation model was established 
using computational fluid dynamics (CFD) and a new design of heat exchanger was proposed based on 
these extra micro-effects. The results showed that as the inlet area decreases, the heat transfer rate 
increases and the pressure loss decreases. Dang et al. [3-5] investigated the comparisons of the heat 
transfer and pressure drop of the microchannel and minichannel heat exchangers, both numerically and 
experimentally. The heat transfer rate obtained from microchannel heat exchanger is higher than that 
obtained from the minichannel heat exchanger; however, the pressure drop obtained from microchannel 
heat exchanger is also higher than that obtained from the minichannel heat exchanger. So, the 
microchannel heat exchanger should be selected for the systems where high heat transfer rates are 
needed. The impact of gravity on the fluid through the microchannel heat exchangers was found to be 
small, with the maximum difference between the two cases being less than 8%. The heat flux of 
17.38×104 W/m2 (or 17.38 W/cm2) was achieved for water from the hot side of the device having the 
inlet temperature of 70 °C and mass flow rate of 0.2503 g/s and for water from the cold side having the 
inlet temperature of 21.5 °C and mass flow rate of 0.2906 g/s. In addition, the results obtained from 
numerical analyses were in good agreement with those obtained from experiments, with discrepancies of 
the heat transfer coefficient estimated to be less than 9%. 

Yu et al. [6] focused on the hydraulic and thermal characteristics of fractal tree-like microchannels by 
numerical and experimental methods. The experimental results showed that the fractal tree-like 
microchannels had a much higher heat transfer coefficient than that of straight microchannels at the 
cost of a much higher pump power. Fossa [7] built a simple model for evaluating the heat transfer and 
flow characteristics in annular two-phase flow. The model is applied to various flow conditions including 
thermal non equilibrium and variable cross section ducts. A modified k-ε turbulence model was 
developed by Hu and Zhang [8] to simulate the gas–liquid two-phase flow and heat transfer in steam 
surface condensers, using a quasi-three-dimensional algorithm. The results obtained from the proposed 
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model agree well with the experimental results. In addition, the results also show an obvious 
improvement in the prediction accuracy comparing with previous results where a constant value for the 
turbulent viscosity was used. A hybrid modeling approach was proposed by Ding et al. [9] to describe 
the dynamic behavior of the two phase flow condensers used in air-conditioning and refrigeration 
systems. The merits of model included: 1) it balances the trade-offs between complexity and accuracy; 2) 
the model order is very low; 3) all the state variables of the model are measurable. Mirzabeygi and 
Zhang [10, 11] developed a three-dimensional numerical model to simulate the fluid flow and heat 
transfer in industrial steam surface condensers with complex irregular shapes. The convective heat 
transfer correlations were used to model the heat and mass transfer between the shell-side fluid and the 
tube-side fluid. A modified RNG k-ε turbulence model was used to account for the turbulence effects on 
the fluid flow and heat transfer in condensers. The effect of the turbulence and non-condensable gases on 
the primary phase flow was also included in the numerical model. The numerical results were compared 
with the experimental data for a small experimental condenser and a full-size industrial condenser, and 
the proposed numerical model was proved to be relatively accurate in simulating the turbulent two-
phase flows in condensers. The turbulence models from the k-ε and k-ω families were assessed to select 
the most effective model for the simulation of two-phase flow and heat transfer in tube and shell 
condensers. In these studies, the k-ω SST had the best performance and the least error among different 
turbulence models. 

The condensation flow of the refrigerant FC-72 in a rectangular microchannel with a 1-mm hydraulic 
diameter was numerically studied by Chen et al. [12] using the volume of fluid (VOF) model. In this 
study, the vapor phase formed a continuous column with a decreasing diameter downstream. Slugs were 
periodically generated at the head of the column. Decreasing the wall cooling heat flux and increasing 
the flow mass flux both increased the vapor column length. During condensation, the vapor velocity 
decreased down stream but was significantly higher than the adjacent liquid velocity. Ling et al. [13] 
presented a three dimensional direct simulation on boiling flow in a rectangular micro channel. Growth 
and merger of the bubbles were simulated and the impact of the bubbles' merger on the heat transfer 
was analyzed. In this study, the merger can produce a temporal growth in heat flux, while the thin 
liquid film between the bubble and the wall holds the main reason for the high heat flux in micro 
channel boiling flow. The condensation results and models were indicated in [14, 15]. Doan and Dang [16] 
presented an experimental study on condensation in two horizontal micro channel condensers (M1 and 
M2) with different substrate and channel lengths. The mass flow rate of steam and pressure drop 
affected oscillation of condensation profile, beginning condensation point, and performance index. The 
heat transfer rate of model M1 was higher than that of model M2 at the same flow rate or pressure drop 
of steam. In addition, the pressure drop obtained from the micro channel condenser M1 was lower than 
that obtained from the micro channel condenser M2: at mass flow rate of 0.0264 g/s, the pressure drop 
of M1 was 1,257 Pa while the pressure drop of M2 was 6,105 Pa. 

From the above studies, it has been shown that the phase change of steam in microchannel condenser 
was not numerically performed. So, it is essential to simulate on the phase change of steam in 
microchannel condenser by numerical simulation. The 3D simulation for the whole device will be carried 
out in this study which aimed to show the condensation profile in microchannels by evaluating the 
vapor quality change and density change. Besides, the 3D temperature profile for the whole device and 
the condenser water temperature at the outlet will be also considered. In addition, the equation for 
predicting the condenser water temperature at the outlet can be predicted by changing the vapor flow 
rate at the inlet at the same steam inlet and cooling water temperatures. 

2   Methodology 

2.1   Mathematical Model 

To analyze condensation in the micro channel heat exchangers, there are several consumptions: 
continuum fluid and no radiation. The governing equations in this system can be expressed by [14]. 

Continuity equation 
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For steady-state conditions: ρ∂ ∂ =( / ) 0t , ∂ ∂ =( / ) 0u t , ∂ ∂ =( / ) 0v t , and ∂ ∂ =( / ) 0w t  
Where, µ is dynamic viscosity, ρ is density, u is velocity in the x-direction, v is velocity in the y-

direction, w is velocity in the z-direction, p is pressure, and p0 is initial pressure. 
Besides, the heat transfer formulas were applied as [15] 
Fourier’s law for heat conduction 
 q = -k.∇T (3) 
Heat transfer in solid 
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Heat transfer in liquid 
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Heat transfer in phase change from vapor to liquid can be determined by ( )ρ θρ θ ρ= + −1 21ph ph  with 

θ  being the vapor quality, and heat transfer coefficient 
θ ρ θρ

α
ρ

− −
= 2 1(1 )1

2
ph ph

m  (the mass fraction), 

where ρ 1ph and ρ 2ph are density of vapor and liquid, respectively. 
The boundary conditions of heat transfer in phase change of the microchennal condenser are listed in 

Table 1. 
Table 1. Boundary conditions [15]. 
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2.2   Design and Numerical Simulation 

The experimental system for steam condensation in microchannel heat exchangers is shown in Fig. 1 [16]. 
The major component to observe in this system is microchannel condenser (1) with dimensions as shown 
in Fig. 2. This device consists of 10 square channels with Dh = 500µm. Two PMMA (Polymethyl 
methacrylate) plates (Fig. 2b) with dimensions of 62 x 14.5 x 10 (mm) were pasted on the substrate. 
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This model was set up and generated mesh with the Free Tetrahedral type and it included 48047 
domain elements, 13927 boundary elements, and 3303 edge elements. 

 

Figure 1. Schematic of the test loop for the models [16]. 

 
(a) Dimensions of the test section (µm) 

 
(b) Microchannel condenser (1) was pasted by two 

PMMA plates 

 
 (c) Meshing results 

Figure 2. Model for numerical simulation 

3   Results and Discussion 

3.1   Temperature Profile 

With input parameters such as the steam temperature of 1080C, steam mass flow rate 0.03 g/s and 
cooling water flow rate 3 g/s, the numerical results solved the temperature profile as shown in Fig. 3. 
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(a) 3D model  

 
(b) Temperature profile distribution 

Figure 3. The temperature profile of microchannel condenser. 

The temperature profile distributions in Figs. 3a and 3b are in good agreement with input conditions: 
at the position of inlet steam, the temperature has the highest value and the temperature profile 
development is suitable the conduction equation for solid. Besides, the temperature profile development 
also demonstrated for a unification of heat transfer phenomena of the counter-flow heat exchanger in the 
test loop, as shown in Fig. 1. 

The saturation steam flow rate is varying from 0.01 g/s to 0.1 g/s at the same vapor temperature of 
105oC and cooling water temperature (with the cooling water temperature of 29oC and flow rate of 3 g/s, 
the results obtained having the outlet condensed water from 32oC to 73oC, as shown in Fig. 4. The 
results indicated that the temperature of condensed water is a function of the steam mass flow rate as 
follow: 

t = -1327.6m2 + 620.47m + 24.344, with R² = 0.9981, oC. 
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Figure 4. The temperature of condensed water vs. the mass flow rate of steam 

3.2   Steam Phase Change in Microchannels 

The results for phase change position from vapor to liquid in the microchannel condenser are shown in 
Fig. 5a, corresponding with steam inlet temperatures of 104oC and 107oC at the same steam flow rate of 
0.07 g/s and the cooling water temperature of 29oC at the water flow rate of 3 g/s. These results are 
obtained under the ambient temperature of 31oC. The profile is in good agreement with the 
experimental results in Fig. 5b. The results indicated that the numerical simulations are in good 
agreement with the experimental data in [16].  

 
(a) Numerical result 
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(b) Experimental data [16] 

Figure 5. Profile of phase change. 

3.3   Density of Steam 

One of the parameters indicates the phase change from vapor to liquid is its density. The fluid density 
has a different change when it changes phase. Because the fluid in vapor status has small density and it 
has high density in liquid status.  

 
(a) Horizontal microchannels 

 
 (b) Vertical microchannels 

Figure 6. Density change for horizontal and vertical directions. 

To evaluate the effects of gravity on condensation profile, a numerical comparison of microchannels 
between two cases for horizontal and vertical directions is shown in Fig. 6. The Figure 6a is the case for 
horizontal microchannel (the fluid direction is perpendicular to the gravity force) and Figure 6b is the 
case for vertical microchannel (the fluid movement is the same direction with the gravity force). In the 
figure, the z-direction is the direction of gravity force in the Cartesian coordinates. It is observed that 
the condensation profile in this model is not strongly affected by the gravitational force, it only strongly 
depends on the arrangement method for moving fluid. 

4   Conclusions 

A study on the phase change heat transfer of steam in microchannel condenser has been done by the 3D 
numerical simulation for whole exchanger, using COMSOL Multiphysics 5.2a. The results indicate 3D 
temperature profile for entire condenser. Based on the results in this study, a function was suggested for 
predicting a relationship between the temperature of condensed water and the mass flow rate of steam 
from 0.01 g/s to 0.1 g/s. 
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Moreover, the numerical results show the profile of phase change from vapor to liquid in the 
microchannel condenser. The numerical results of profile were verified by the experiments for the same 
condition. The results of numerical simulation are in good agreement with the experimental data. 

In addition, a numerical comparison of microchannels between two cases for horizontal and vertical 
directions has been presented also. The results showed that the condensation profile is not strongly 
affected by the gravitational force.  
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