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1. Introduction 

 
The persisting improvement of the thermal-hydraulic 

system codes has changed its capability, and nowadays 

they are utilized to produce best-estimated results for 

more realistic prediction of reactor transients [1]. Even 

more, some of them has been developed feasible to 

conduct multi-dimensional analysis by using their own 

multi-dimensional component. MARS-KS is a best-

estimate system code with multi-dimensional capacity 

using its own multi-dimensional component, namely 

MULTID [2]. In addition to the multi-dimensional 

concern, the MULTID includes a turbulent mixing model 

for inter-channel mixing, and this introduces a difference 

from crossflow formulation for existing one-dimensional 

component. However, it has been found from the 

previous study that the turbulent mixing model of 

MULTID has no influence on the bundle void prediction 

[3]. This is because the corresponding mixing model 

only concerns molecular diffusion, not direct inter-

channel mixing. This study has been conducted to 

improve the bundle void prediction by MULTID. The 

improvement has been made by introducing turbulent 

mixing model of state-of-the-art subchannel codes, 

which implements direct exchange between channels. 

 

2. Methods and Results 

 

As afore mentioned, the code improvement has been 

made by applying the turbulent mixing model, which is 

widely adopted for the subchannel analysis. The model 

is categorized into two methodologies depending on the 

flow condition [4]. When it comes to single-phase flow, 

the model postulates inter-channel mixing based on 

equal mass exchange, and this is called as equal-mass 

exchange (EM) model. On the other hand, for two-phase 

flow, the model postulates net mass exchange between 

channels based on the concept of equal volume exchange. 

Furthermore, the model considers void drift phenomenon 

for non-uniform void distribution within a bundle. This 

is called as equal-volume exchange and void drift 

(EVVD) model. By implementing these models into the 

field equation of MARS-KS, the improvement has been 

made, and the assessment has been performed against the 

PWR Subchannel and Bundle Test (PSBT) benchmark 

data [5] used for the previous work [3]. Before showing 

the assessment results, detailed description of the 

turbulent mixing model will be given through the 

following paragraphs. 

 

2.1 Equal-Mass exchange (EM) 

 

The concept of the EM model is that inter-channel 

mixing occurs by exchanging equivalent mass between 

channels. Therefore, there is no net mass movement, but 

the momentum and energy become changed as a 

consequence of the mixing. The net momentum and 

energy exchange are defined as Eq. (1) and Eq. (2), 

respectively. 

𝑀𝐴↔𝐵
’ = 𝑤′∆𝑢⃗  (1) 

𝑄𝐴↔𝐵
’ = 𝑤′∆ℎ (2) 

where, 𝑤′ is equivalently exchanged mass flow. ∆𝑢⃗  and 

∆ℎ stand for the difference in fluid velocity and enthalpy, 

respectively. The exchanged mass flow is conventionally 

defined as Eq. (3) by introducing mixing coefficient 𝛽. 

 
𝑤′ = 𝛽𝐺̅𝐴𝑔𝑎𝑝 (3) 

The mixing coefficient is defined as the ratio of mixing 

mass flux due to turbulence to the averaged axial mass 

flux 𝐺̅. 

 

2.2 Equal-Volume exchange and Void Drift (EVVD) 

 

The EVVD model postulates the net mass exchange 

based on the concept of equivalent exchange of the 

volume. Therefore, once the exchanging volumes have 

different density, net movement of the mass could be 

implemented. From this, the net mass, momentum, and 

energy exchanges are derived as:  

 

𝑤𝐴↔𝐵
’ = (

𝜀

𝑙𝑚
)

𝑇𝑃

𝐴𝑔𝑎𝑝[(𝜌̂)𝐵 − (𝜌̂ )𝐴

− 𝑘𝑉𝐷{(𝜌̂ )𝐵 − (𝜌̂ )𝐴}𝐸𝑄] 
(4) 

𝑀𝐴↔𝐵
’ = 𝑓𝑇 (

𝜀

𝑙𝑚
)

𝑇𝑃

𝐴𝑔𝑎𝑝[𝐺𝐵 − 𝐺𝐴

− 𝑘𝑉𝐷{𝐺𝐵 − 𝐺𝐴}𝐸𝑄] 
(5) 

𝑄𝐴↔𝐵
’ = (

𝜀

𝑙𝑚
)

𝑇𝑃

𝐴𝑔𝑎𝑝 [(𝜌ℎ̂)
𝐵

− (𝜌ℎ̂ )
𝐴

− 𝑘𝑉𝐷 {(𝜌ℎ̂ )
𝐵

− (𝜌ℎ̂)
𝐴
}
𝐸𝑄

] 
(5) 
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where, (

𝜀

𝑙𝑚
)

𝑇𝑃
 denotes two-phase turbulent mixing 

velocity, and this term is conventionally defined by Beus 

correlation [6]. The coefficient 𝑓𝑇  is called turbulent 

momentum factor, which is defined as the ratio of 

momentum mixing to energy mixing. The value of 𝑓𝑇 is 

generally given as unity. The terms 𝜌̂ = 𝛼𝑔𝜌𝑔 + 𝛼𝑓𝜌𝑓 

and 𝜌ℎ̂ = 𝛼𝑔𝜌𝑔ℎ𝑔 + 𝛼𝑓𝜌𝑓ℎ𝑓 define the mixture density 

and enthalpy, respectively. By the way, the terms 

denoted by ‘EQ’ represent the mixing due to the void 

drift, which interferes the net exchanges not to reach 

uniform void distribution. These void drift terms are 

adjusted by multiplying the coefficient 𝑘𝑉𝐷, namely void 

drift coefficient. 

 

2.3 PSBT benchmark assessment 

 

The code improvement has been assessed by using the 

model in the previous assessment [3]. This study presents 

the assessment based on the selected cases listed in Table 

I, in order to figure out the effect of mass flux. The case 

selection has been made by sorting the cases which cover 

various void measures in the given mass flux range. The 

improved code calculation has been conducted by giving 

the mixing and void drift coefficients as 0.02 and 1.0, 

respectively. For the assessment, the results of improved 

MULTID have been compared with the previous 

MULTID results which models only molecular diffusion.  

As depicted in Fig. 1, the results generally show 

improved void prediction. Especially, in the case of high 

mass flux condition, a great improvement has been made 

for the low void region where the previous results show 

overprediction tendency. Also, the results in low mass 

flux condition show improved void prediction in low 

void region, but not remarkable as in the high mass flux 

condition. This is because the introduced turbulent 

mixing model defines the mixing proportional to the 

channel mass flux condition. That is, the predicted 

mixing in the low mass flux condition must be smaller 

than one in the high mass flux condition. By the way, in 

both cases, the results in high void region show no 

significant improvement. This is because the inter-

channel void gradient becomes smaller in the high void 

region. As a result, the predicted mixing becomes smaller 

as well. However, when comparing the root mean square 

error (RMSE) against the experimental values, the results 

clearly indicate that overall prediction tendency becomes 

improved by introducing the inter-channel mixing model. 

Therefore, it is clearly confirmed that the inter-channel 

mixing model has a great influence to void prediction 

within a bundle. 

 

 

 

 

 

 

 

 

Table I: Selected cases for the assessment 

Test series Case number Test conditions 

B5 

5.1122, 5.1232, 

5.1341, 5.2131, 

5.2241, 5.2332, 
5.3112, 5.3222, 

5.3331, 5.4212, 

5.4321, 5.5202, 
5.5311, 5.6311, 

5.6321 

[High mass flux] 

Pressure: 4.8~16.4 MPa 
Inlet temperature: 436~595 K 

Mass flux: 7~15 106𝑘𝑔/𝑚2ℎ𝑟 

5.1452, 5.2452, 
5.3442, 5.4432, 

5.4562, 5.5431, 

5.5551, 5.6441, 
5.6551 

[Low mass flux] 

Pressure: 4.8~16.6 MPa 

Inlet temperature: 422~595 K 

Mass flux: 2~5 106𝑘𝑔/𝑚2ℎ𝑟 

B6 

6.1122, 6.1231, 

6.1342, 6.2132, 

6.2242, 6.2342, 
6.3122, 6.3232, 

6.3332, 6.4222, 

6.4332, 6.5211, 
6.5332, 6.6321, 

6.6331 

[High mass flux] 
Pressure: 4.8~16.5 MPa 

Inlet temperature: 426~585 K 

Mass flux: 8~15 106𝑘𝑔/𝑚2ℎ𝑟 

6.1452, 6.2461, 
6.3451, 6.4452, 

6.4562, 6.5442, 

6.5562, 6.6451, 
6.6561 

[Low mass flux] 

Pressure: 4.9~16.6 MPa 

Inlet temperature: 417~585 K 

Mass flux: 2~5 106𝑘𝑔/𝑚2ℎ𝑟 
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(a) high mass flux condition 
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Fig. 1 Void prediction of MULTID 
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3. Conclusion 

 

As the previous work showed the necessity of the 

improvement of void prediction in a bundle, the 

improvement of MULTID in a best-estimate system code, 

MARS-KS, has been performed in this study. The 

improvement has been made by introducing inter-

channel mixing model to describe direct exchanges 

between channels. The inter-channel exchange model 

consists of the EM and EVVD models for single- and 

two-phase conditions, respectively. From the assessment 

against PSBT benchmark data, it has been revealed that 

the improved MULTID results in better prediction of the 

void fraction compared to the results from original 

MULTID. Even more, it was indicated that the void 

fraction prediction using the improve MULTID was 

highly improved in the low void region where an 

excessive over-prediction was observed with the original 

MULTID. From this, it has been clearly confirmed that 

the capability of the MULTID component of MARS-KS 

in predicting the void distribution within a bundle has 

been improved owing to the inter-channel mixing model. 
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