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1. Introduction 

 
Since the heat flux partitioning model had been 

suggested by Kurul and Podowski [1], it has been widely 

used in various commercial and in-house CMFD codes [2, 

3]. The heat flux partitioning model consists many 

sub-models such as the heat transfer coefficient of 

single-phase convection, heat transfer coefficient of 

quenching effect, bubble departure diameter, bubble 

departure frequency, nucleation site density, and so on. 

Thus, the heat flux partitioning and the boiling behavior 

can be changed by the selection of sub-models. This fact 

means that it is very important to select proper 

sub-models by considering the thermal-hydraulic 

conditions of target problem. 

Various sensitivity calculations were performed with 

varying the sub-models in the heat flux partitioning 

model so far. However, the bubble influence area factor 

(K) was usually assumed as a constant in their researches 

even though it can play an important role in determining 

not only the initiation of the subcooled boiling and the 

heat flux partitioning itself. 

In this study, the literatures on the bubble influence 

area were reviewed and its effect on the simulation of 

subcooled boiling using CUPID code was evaluated.  

 

2. Bubble Influence Area Factor 

 

2.1 Importance of Bubble Influence Area Factor 

The bubble influence area factor is one of important 

constitutive model for closure of the heat flux 

partitioning equation. This factor is used for calculation 

of the heat transfer areas for the both of single phase 

convection and boiling heat transfer so that it plays an 

important role for partitioning of heat flux from walls. In 

addition, the bubble influence area factor affect the onset 

of nucleate boiling (ONB) point in high subcooled region 

as well as the maximum vapor generation rate in low 

subcooled region. Nevertheless, the bubble influence 

factor has been used as a constant from 1.8 to 4.0 without 

any proper model or correlation that can represent the 

dependency of the factor on thermal-hydraulic 

parameters. 

 

2.2 Literature Review 

Hsu [4, 5] observed the deactivation of adjacent 

nucleation sites within the influence area of a boiling 

bubble and reported that the area of influence of each 

bubble was roughly twice of the bubble radii. Gaetner [6] 

experimentally supported Hsu’s result with the plating 

technique. Han [7] also experimentally observed that the 

radii of influence area is twice of the bubble radii by the 

demonstration with chalk powder and a solid ball. 

 After these studies, many researchers used the bubble 

influence factor as a constant from 1.8 to 4.0. In 

particular, the constant value of 4 is the most frequently 

used value by Mikic [8], Krepper [9], Koncar [10], and 

so on. 

In some studies, the bubble influence area factor was 

calculated from the experimental data. Judd [11] fitted 

the bubble influence area factor from the experimental 

data and suggested the constant value of 1.8. Valle [12] 

calculated the bubble influence factor from the energy 

balance equation and reported the constant value from 

5.8 to 7.5 according to the test cases.  

Recently, the direct measurement of local wall 

temperature was performed in several studies as the 

measurement technique has been developed. The results 

of the direct measurement were incompatible with the 

earlier observation results by Hsu, Gaetner, and Han. The 

earlier results showed the bubble influence area factor is 

larger than 1.8. On the other hand, the bubble influence 

area factor is generally smaller than 1.0 in the direct 

measurement results. 

Kenning [13] suggested that the bubble influence 

factor is almost 1.0 in the experiment by using a liquid 

crystal thermography. Demiray [14] measured the local 

heat flux and wall temperature by 96 of platinum heater 

arrays and reported that the bubble influence area factor 

is around 0.25. Sanna [15] also measured the local wall 

temperature by using the heater array similar with 

Demiray and reported that the value is about 0.25. 

Golobic [16] measured the local wall temperature during 

the bubble life cycle by using an IR thermometer. He also 

reported that the bubble influence area factor is smaller 

than 1.0.  

From the result of literature review, we can notice that 

the recent measurement results significantly differ from 

the earlier research results. It is not easy to say which 

result is correct or not. However, it is clear that the effect 

of the bubble influence area factor should be investigated 

especially for the case where the bubble influence area 

factor of 1.0 or less is adopted in CMFD calculations. 

 

3. CUPID Simulation of SUBO Experiment 

 

3.1 SUBO Experiment [17] 
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SUBO experiment was performed to investigate the 

subcooled boiling phenomena by measuring the local 

bubble parameters. The local void fraction, the bubble 

velocity, the Sauter mean diameter and the interfacial 

area concentration were measured by using a double 

sensor optical fiber probe in order to quantify the 

complicated bubble behavior in a two-phase flow 

condition. 

Six tests were performed varying the heat flux, the inlet 

mass flux and the inlet temperature while the outlet 

pressure was kept at 160 kPa. In this study, the base case 

was selected for the sensitivity calculation. The heat flux, 

inlet mass flux, inlet temperature, and outlet pressure for 

the base case are 473.7 kW/m2, 1124.7 kg/m2s, 374.65 K, 

and 161.6 kPa, respectively.  

 

3.2 Grid Generation 

 

The test section of SUBO is vertical annulus with an 

indirect heater rod at the center of the channel as shown 

in Fig. 1. (a). In the CUPID calculation, the heated 

section and the bubble condensation region above the 

heated section are modeled as shown in Fig. 1. (b). Two 

dimensional mesh with a fan-shape base area was 

generated because the test section is symmetry in 

azimuthal direction. 12x1x100 grids were used for r-θ -z 

coordinates. 

 

    
 
Fig. 1. Calculation domain for SUBO test: (a) Schematic 

Diagram (b) Mesh  

 

3.3 Heat Flux Partitioning Model in CUPID 

 

CUPID code adopt the heat flux partitioning model for 

analyzing the wall boiling including the sub-cooling 

boiling in computational mesh cells facing a heated wall. 

In the model, the heat transfer from the heated wall 

surface to the fluid is expressed as a sum of surface 

quenching heat transfer, wall boiling heat transfer and 

heat transfers to each phase as shown in Eq. (1) ~ Eq. (4). 

The bubble influence area factor (K) is used for 

calculating the single- and two-phase heat transfer area 

fractions as shown in Eq. (5). 
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Where Qwall, Qq, Qe, Qc, hq, A2f, Tw, Tl, N”, f, Db,depart and 

hc,l are total wall heat flux, quenching heat flux, 

evaporation heat flux, single-phase convection heat flux, 

quenching heat transfer coefficient, two-phase heat 

transfer area fraction, wall temperature, liquid 

temperature, nucleate site density, bubble departure 

frequency, departure bubble diameter, and single phase 

heat transfer coefficient, respectively.  

The two-phase heat transfer area fraction (A2f) cannot 

exceed 1.0 due to the definition of the fraction. Therefore, 

the maximum value of the nucleate site density also can 

be derived from Eq. (1) when the two-phase heat transfer 

area fraction is equal to 1.0. 

 

4. CUPID1.8 Calculation 

 

4.1 Sensitivity Test for Bubble Influence Area Factor 

The CUPID calculations were performed with 3 

different bubble influence area factors of 1.0, 2.0 and 4.0. 

As shown in Fig. 2 ~ Fig. 4, the radial and axial 

distributions of void fraction are significantly changed 

with varying the bubble influence area factor. As 

mentioned in Section 2.1, the bubble influence area 

factor affect the ONB point because the single phase heat 

transfer increases if the bubble influence area factor 

become smaller. So, the ONB point is delayed as the 

bubble influence area factor decreases. 

 

 
Fig. 2. Calculation result of void fraction distribution (K=4.0) 
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Fig. 3. Calculation result of void fraction distribution (K=2.0) 

 

 
Fig. 4. Calculation result of void fraction distribution (K=1.0) 

 

On the other hand, the void fraction at the higher 

height where the local subcooled is relatively low 

increases as the bubble influence area factor decreases. 

The calculation equation of the maximum nucleate site 

density in Eq. (5) is responsible for the result. 

 

4.2 Other Effective Parameters on ONB Point 

Although the ONB point is varied by the bubble 

influence area factor, it is obvious that there are other 

effective parameters on the ONB. For example, the ONB 

can occur at the low height if the boiling induced 

turbulence model is turned off due to the decreased of 

thermal mixing between the subcooled liquid region and 

the core region of the channel. On the other hand, the 

ONB point is delayed if the nucleation site density model 

is changed to generate the site density at higher wall 

superheat. Fig. 5 shows the effect of the boiling induced 

turbulence model and the nucleation site density model 

described above. In CUPID, Lahey’s bubble induced 

turbulence model [18] was used. The nucleation site 

density model was changed from Cole’s model [19] to 

Hibiki’s model [20] for this sensitivity test. 

 

 
Fig. 5. Calculation result of void fraction distribution with 

different boiling induced turbulence model and nucleation site 

density model (K=4.0) 

 

5. Conclusions 

 

Nevertheless many of recent research results showed 

that the bubble influence area factor does not exceed 1.0, 

most of CMFD calculations have been performed by 

assuming the bubble influence area factor is larger than 

1.0. The most frequently used value was 4.0. 

In this paper, the effect of the bubble influence area 

factor was evaluated on the ONB point and the maximum 

nucleation site density, which determines the maximum 

vapor generation rate. If the bubble influence area factor 

was reduced from 4.0 to 1.0, the ONB was delayed and 

the vapor generation rate in the low subcooled region 

increased. Even though there are other effective 

parameters as shown in Section 4.2, this result can be a 

useful guide when one is willing to perform the 

sensitivity calculation with different models in the heat 

flux partitioning equation especially in the case where the 

fixed constant value is used for the bubble influence area 

factor. 
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