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ABSTRACT 

Substantial care was given to the passive techniques that can improve heat transfer in pool boiling with surface 

cavities in small size generated by dendrites growing, mechanical machining of grooves. A rectangular model was 

generated to investigate the boiling process with Ansys Fluent. Two models were created to investigate the boiling. 

The first model created with fins on its base while the other created with fins on one of its sides. The dimensions 

of the fins were 0.4 mm height and 0.4 mm width while the distance between each fine and the other was 0.4 mm. 

Volume of fluid multiphase model was used with several material Ethylene Glycol/water (50%), Propylene 

Glycol/water (50%), and water. The results shows that the maximum pressure value was calculate for the 

Propylene Glycol/water (50%) in the vertical and horizontal boiling. Ethylene Glycol/water (50%) gave the 

highest value for velocity in the vertical boiling whereas the water gave the highest value for velocity in the 

horizontal boiling.  
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INTRODUCTION 

Thermal performances and cooling systems are vital in power cycles. The chief factors that highly effect the 

cooling systems productivity and quality are the working fluid [1].  Working fluids are encouraging for refining 

dissipation of heat and rate of heat transfer. Two-phase flow boiling are highly utilized in industrial applications 

such as bioengineering reactors, high-power electronics components cooling, heat pumping systems, air-

conditioning, and refrigeration [1]. Eid et al. [2] experimentally investigated the heat transfer coefficient of 

nucleate boiling pool and the influence of mixing the refrigerant R-134a with cooper oxide CuO. The results 

showed that increasing the concentrations of CuO particles lead to the heat transfer coefficient increases. The 

efficiency increased by increasing concentration of nanoparticles at high heat flux. Ray et al. [3] investigate the 

best value for coefficients of heat transfer by carrying out a comprehensive study utilizing diverse surfaces with 

diverse refrigerants. The surfaces are characterized with atomic force microscopy, scanning electron microscopy, 

film thickness, roughness, and contact angle.  

Kong et al. [4] experimentally investigated performance of heat transfer in pool boiling with micro-pin-finned 

bistructured surface.  The investigation results indicate that the heat transfer efficiency was highly enhanced as 

well as the critical heat flux. Suriyawong et al. [5] experimentally conducted a study of nucleate pool boiling heat 

transfer of TiO2–water Nano fluids. The results show that based on the copper heated surface which is tested with 

a concentration of 0.0001 vol.%, higher nucleate pool boiling heat transfer coefficient is obtained when compared 

with the base fluid. A 15% increase is obtained for the surface roughness of 0.2 lm and a 4% increase is obtained 

for roughness of 4 lm. Okayama et al. [6] summarized the performance of immiscible mixtures in nucleate boiling 

with reference to new data for Novec7100/water and FC72/ethanol and new data obtained. Qi et al. [7] studied 

the Nano fluid heat transfer boiling mixture model, investigating the energy transfer and the mass transfer. The 

results showed that TiO2–water Nano fluid bubble size was 1/3 of water.  Sarafraz et al. [8] experimentally 

mailto:Ali.Najem@ruc.edu.iq
mailto:Mahmoud.A.Mashkour@uotechnology.edu.iq
mailto:hasanen.alsaady@yahoo.com
mailto:20021@uotechnology.edu.iq


Numerical investigations of multiphase pool boiling in micro-channels with several cooling materials 

 

220 
 

investigated characteristics of heat transfer in modified surfaces with Nano-fluids in multi-walled carbon 

nanotube.  

It was revealed that the coefficient of heat transfer for pool boiling was improved by replacing the plain surface 

with micro-finned surface. micro-finned surfaces was found to improve bubble formation and active nucleation 

sites number by forming non-uniform and irregular fouling layer. Sarafraz et al. [9] conducted an experimental 

investigation  for using water-ethylene glycol mixed with ZnO nanoparticles in pool boiling. Results showed that 

coefficient of heat transfer increases by increasing mass concentration and heat flux. Zhang et al. [10] 

experimentally investigated nucleate boiling heat transfer of air-dissolved FC-72 on micro-pin-finned surface in 

microgravity by utilizing the drop tower facility in Beijing. Under microgravity and earth gravity, it was found 

that performance of heat transfer was enhanced by using micro-pin-fins as a replacement for smooth surface. The 

heat transfer rate is deliberated as a significant factor for the design of any electronic, electrical, or mechanical 

component. The convective heat transfer can be passively improved by altering the fluid thermal conductivity, 

boundary conditions, or geometry [11-22]. In this paper, the boiling process was investigated numerically for 

rectangular model with fins located at two locations.  

Numerical method 

The geometry that was used for the numerical simulations are shown in figure (1), two models was created to 

investigate the boiling. The first model created with fins on its base while the other created with fins on one of its 

sides. The dimensions of the fins were 0.4 mm height and 0.4 mm width while the distance between each fine and 

the other was 0.4 mm. Several sizes of mesh were tested to validate the final mesh, table (1). The final selected 

mesh size was 0.1 mm, which gave 53743 element, and 303403, refining the mesh after that did not change the 

temperature significantly. Figure (2) shows the mesh of the model. Volume of fluid multiphase model was used 

with several material illustrated in table (2), Ethylene Glycol/water (50%), Propylene Glycol/water (50%), and 

water. 150 oC was the initial wall temperature. Outlet was originated as pressure outlet. Transient run was 

generated with 0.001 second time step, 500 number of time step, and 100 iteration per time step.  

Table 1. Mesh validation 

node  element Temperature   ͦC 

140645 19325 63.329   

212356 39487 59.012   

303403 53743 57.686   

610496 83104 57.321   

Table 2. Properties of typical electronic coolants 

Coolant 

Reference 

temperature 

( Cͦ) 

Freezing 

point ( Cͦ) 

Boiling 

point 

( Cͦ) 

Specific 

heat 

(J/kg.K) 

Thermal 

expansion 

coefficient 

(1/K) 

Thermal 

conductivity 

(W/m.K) 

Propylene 

Glycol/water 

(50%) 

25 -28 222 3640 0.0023 0.382 

Ethylene 

Glycol/water 

(50%) 

25 -34 107.2 3341 0.0016 0.404 

Water 25 0 100 4279 0.0003 0.600 

 

Coolant 

Reference 

temperature 

( ͦC) 

Liquid 

density 

(kg/m3) 

Prandtl 

number 

Dielectric 

constant 

(@1kHz) 

Vapor 

pressure 

(kPa) 

Flash 

point 

( ͦC) 

GWP 
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Propylene 

Glycol/water 

(50%) 

25 1034 46 N/A N/A 99.1 Low 

Ethylene 

Glycol/water 

(50%) 

25 1076 29 N/A 2.3 111 Low 

Water 25 997 6.2 78.5 3.2 None 0 

 

 

Figure 1. Geometry 

 

Figure 2. Mesh 

Governing equations 

The total heat flux from the wall to the liquid according to the basic RPI model is partitioned into three 

components, namely the convective heat flux, the quenching heat flux, and the evaporative heat flux: 

𝑞𝑊 = 𝑞𝐶 + 𝑞𝑄 + 𝑞𝐸                                                                                                                                                (1) 

 The convective heat flux  𝑞𝐶  is expressed as 
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𝑞𝐶 = ℎ𝐶(𝑇𝑤 − 𝑇1)(1 − 𝐴𝑏)                                                                                                                                    (2) 

 The quenching heat flux 𝑞𝑄  models the cyclic averaged transient energy transfer related to liquid filling 

the wall vicinity after bubble detachment, and is expressed as 

𝑞𝑄 =
2𝑘𝑙

√𝜋𝜆𝑙𝑇
(𝑇𝑤 − 𝑇𝑙)                                                                                                                                             (3) 

 The evaporative flux 𝑞𝐸  is given by 

𝑞𝐸 = 𝑉𝑑𝑁𝑤𝜌𝑣ℎ𝑓𝑣𝑓                                                                                                                                                  (4) 

When the flow regime transitions to mist flow, the diameter of droplet can be assumed to be constant or estimated 

by the Kataoka-Ishii correlation  

𝐷𝑑 = 𝐶𝑑𝑠
𝜎

𝜌𝑣𝑗𝑣
2 Re𝑙

−1/6
Re𝑉

2/3
(
𝜌𝑣

𝜌𝑙
)
−1/3

(
𝜇𝑣

𝜇𝑙
)
2/3

                                                                                                         (5) 

RESULTS AND DISCUSSION 

Pressure contour for vertical boiling model is shown in figure (3) for the material that was tested. The maximum 

pressure value was calculate for the Propylene Glycol/water (50%) followed by water.  

 

Ethylene Glycol/water (50%)           

 

Propylene Glycol/water (50%)                    

 

Water 



Numerical investigations of multiphase pool boiling in micro-channels with several cooling materials 

 

223 
 

Figure 3. Pressure contour for vertical boiling 

Figure (4) shows the temperature contour for vertical boiling for the different tested materials. The distribution of 

temperature are diverse from material to material. The initial temperature was initiated from the base of the model 

and developed to the top areas. According to figure (4), the water shows the largest distribution for temperature.  

 

Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 

 

Water 

Figure 4. Temperature contour for vertical boiling 

Velocity contour for vertical boiling is shown in figure (5) for the different tested materials. Ethylene Glycol/water 

(50%) gave the highest value for velocity compared to the other materials followed by water. Highest distribution 

of velocity are also noticed for Ethylene Glycol/water (50%).  
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Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 

 

Water 

Figure 5. Velocity contour for vertical boiling 

Figure (6) shows the vapor volume fraction contour for vertical boiling for the different tested materials. Ethylene 

Glycol/water (50%) gave the largest distribution followed by water.  

 

 

Ethylene Glycol/water (50%) 
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Propylene Glycol/water (50%) 

 

Water 

Figure 6. Vapor volume fraction contour for vertical boiling 

Pressure contour for horizontal boiling model is shown in figure (7) for the material that was tested. The maximum 

pressure value was calculate for the Propylene Glycol/water (50%) followed by Ethylene Glycol/water (50%).  

 

Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 
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Water 

Figure 7. Pressure contour for horizontal boiling 

Figure (8) shows the temperature contour for horizontal boiling for the different tested materials. The distribution 

of temperature are diverse from material to material. The initial temperature was initiated from the right side of 

the model and developed to the left areas. According to figure (8), the water shows the largest distribution for 

temperature.  

 

Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 
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Water 

Figure 8. Temperature contour for horizontal boiling 

Velocity contour for horizontal boiling is shown in figure (9) for the different tested materials. Water gave the 

highest value for velocity compared to the other materials followed by Ethylene Glycol/water (50%). Highest 

distribution of velocity is also noticed for water and Propylene Glycol/water (50%). 

 

Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 
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Water 

Figure 9. Velocity contour for horizontal boiling 

Figure (10) shows the vapor volume fraction contour for horizontal boiling for the different tested materials. Water 

gave the largest distribution followed by Ethylene Glycol/water (50%). 

 

Ethylene Glycol/water (50%) 

 

Propylene Glycol/water (50%) 
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Water 

Figure 10. Vapor volume fraction contour for horizontal boiling 

CONCLUSION  

Ansys Fluent was used to investigate a rectangular model with a boiling process with. Two models were created 

to investigate the boiling. The first model created with fins on its base while the other created with fins on one of 

its sides using Propylene Glycol/water (50%), Ethylene Glycol/water (50%), and water as working materials. It 

was found that: 

1- Propylene Glycol/water (50%) gave maximum pressure for vertical and horizontal boiling 

2- Water gave largest temperature distribution for vertical and horizontal boiling 

3- Ethylene Glycol/water (50%) gave maximum velocity for vertical boiling while water gave maximum velocity 

for horizontal boiling  

4- Ethylene Glycol/water (50%) gave largest volume fraction distribution for vertical boiling while water gave 

maximum volume fraction distribution for horizontal boiling  
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