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Abstract - In the coupled neutronics and thermal-hydraulics analysis, the void fraction 

plays a significant role in determining various nuclear reactor parameters such as reactor 
coolant mixture density, neutron moderation, local power distribution, two-phase pressure 

drop, two-phase flow regimes, and heat transfer coefficient. Consequently, accurate 

prediction of the void fraction is crucial for nuclear reactor simulations in both steady-
state and transient conditions. This research aims to evaluate a range of drift flux 

correlations frequently employed in the nuclear industry. Initially, a simple and robust one-

dimensional two-phase flow code, based on the drift flux approach, was developed and 

validated to assess the performance of the selected drift-flux correlations. A comprehensive 
statistical analysis was then conducted, utilizing more than 1,600 experimental tests taken 

from the open literature. These experiments covered a wide range of vertical and horizontal 

flow regimes and geometries, including pipes, annulus, and fuel assemblies. The evaluation 
results identified the Hibiki & Ishii correlation as the most accurate, with a mean absolute 

error of 16.2%, followed by Toshiba and Antonio correlations, with mean absolute errors 

of 17.45% and 17.69%, respectively. Additionally, the same experimental dataset was 
utilized to derive a new drift-flux correlation for various vertical and horizontal flow 

regimes. The performance assessment of the newly developed correlation showed an 

overall improvement, with a mean absolute error of 14.6%. The current limitation in the 

study is the limited availability of experimental datasets in the open literature. To overcome 
this constraint, future research will aim to access a more extensive dataset, thereby 

ensuring the development of a more accurate and reliable drift flux correlation for nuclear 

reactor simulations. 
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I. Introduction 
 

Demonstration of nuclear reactor safety during the 

licensing process requires a comprehensive analysis of 

complex coupled thermal hydraulics-neutronics 
phenomena for a wide range of transient conditions. 

Nuclear research institutes have invested a lot of time 

and money in this field of study. However, the 
existence of turbulence and two-phase flow, which 

have a wide spectrum of interacting scales from 

microscopic to macroscopic, prevent the governing 

laws of mass, momentum, and energy from being fully 
solved in complex systems, despite their successful 

formulation in mathematical equations. Engineers and 

researchers have worked hard to simplify those 
governing equations and use them in practical 

applications. For example, the two-phase flow 
simulation began with a simple homogenous model 

that assumed both phases moved at the same speed, 

progressed to a model that treated the mixture as a 
whole and took relative velocity into account using 

algebraic slip correlation, and finally arrived at a more 

realistic model that treated each phase separately. The 

latter is currently used by the majority of nuclear 
thermal hydraulics codes. 

 

The void fraction is a crucial parameter in 
calculating reactor coolant density, neutron 

moderation, local power distribution, two-phase 

pressure drops, two-phase flow regimes, heat transfer 
coefficients, and other parameters involved in coupled 

neutronics and thermal-hydraulics analysis. 
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Accurately predicting the void fraction is, therefore, 
important for a comprehensive assessment of nuclear 

reactor performance under both steady-state and 

transient conditions. As a result, the following are the 

primary objectives of this paper:  
   - Develop a new correlation for vertical and 

horizontal flow by considering different flow regimes 

and geometries. 
   - Evaluate multiple drift flux correlations used in the 

nuclear industry  

 
 

 

II. Overview of Drift-Flux Model 
 

The well-known drift-flux model, proposed by 

Zuber, is a simplified form of the more detailed two-

fluid model, which is used in many current thermal-
hydraulic system analysis codes  [1, 2]. It is a simple 

and accurate model that describes the complex relative 

motion in two-phase flow systems as a function of two 
parameters, namely the distribution parameter and 

drift velocity. The distribution parameter considers the 

distribution of the void fraction over the mixture's 

superficial velocity profile. It simply takes into 
consideration the non-uniformity of the flow. On the 

other hand, the drift velocity takes into consideration 

the local relative velocity between the dispersed phase 
and the local mixture flux, which is a result of the 

buoyancy effect. The drift-flux correlation is given by 

Zuber and Findlay as  

              〈〈𝑣𝑔〉〉 =
〈𝑗𝑔〉

〈𝛼〉
= 𝐶0〈𝑗〉 + 〈〈𝑣𝑔𝑗〉〉               (1) 

 

                               𝐶0 =
〈𝛼𝑗〉

〈𝑗〉〈𝛼〉
                               (2) 

 

                         〈〈𝑣𝑔𝑗〉〉 =
〈𝛼𝑣𝑔𝑗〉

〈𝛼〉
                             (3) 

where 𝑣𝑔, 𝛼 , 𝐶0 , 𝑣𝑔𝑗, and 𝑗𝑔 are gas velocity, void 

fraction, distribution parameter, drift velocity, and 

mixture volumetric flux, respectively. 𝑇ℎ𝑒 〈〈 〉〉 and 〈 〉 
notations represent area-averaged void-weighted mean 

and area-averaged quantities over the flow channel, 

respectively. The distribution parameter and drift 
velocity can be obtained by Eq. (2) and Eq. (3) if the 

distribution of local void fraction and gas and liquid 

velocities are measured [3]. However, it is extremely 
difficult to obtain these values experimentally. 

Therefore, an alternative method was proposed by 

Zuber and Findlay to obtain the drift velocity and 

distribution parameter. If a linear relationship between 

the area average mixture flux and the void-weighted 
mean velocity exists in a test condition, then the 

distribution parameter and drift velocity can be 

obtained as the slope and intercept in the plot of 
〈𝑗〉 𝑎𝑛𝑑 〈〈𝑣𝑔𝑗〉〉, respectively. 

The Findlay and Zuber approach has some 

difficulties determining drift velocity accurately under 

high mixture flux conditions. Therefore, Ishii and 
Hibiki came up with the idea of calculating the drift 

velocity based on the terminal velocity of the disperse 

phase, which can be derived by balancing the drag 

force with the buoyancy force in the case of a vertical 
flow. All correlations that fall under the drift-flux 

category differ in their terms for the distribution 

coefficient, drift velocity, or both [4].  

II.A. Collected Experimental Data 
  

To assess drift-flux correlations used in the nuclear 

industry, experimental data for various flow 
geometries and mass fluxes was gathered. The 

experimental data were collected under steady-state 

conditions and encompassed various configurations, 

including vertical and horizontal pipes, annulus, and 
fuel assemblies. Table I summarizes the data, and 

references 5–14 provide further information.   

Table I Summary of collected database used in this 

assessment 
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Table II  Selected Drift-flux correlation        

                   

II.B. Selected Drift-Flux Correlations for the 

Assessment 

 

      Within the nuclear industry, drift flux correlations 
play a crucial role in analyzing coolant behaviors 

under varying operational conditions, whereas in the 

oil industry, they provide insights into oil-gas flow in 
pipelines and reservoirs. For the purposes of this 

analysis, a select set of the most frequently employed 

drift flux correlations from these sectors has been 

chosen. These correlations, along with their 
coefficients, are detailed in Table II. 

 

III. Two-Phases Drift-Flux Code Development and 

Validation & Verification  

 

III.A. Code development 
 

The drift-flux code developed for this paper is 

comprised of two mass conservation equations, a 

mixture momentum conservation equation, a 
simplified energy equation, and closure equations. The 

numerical scheme is based on the advection upstream 

splitting method (AUSMV), which is a simple and 
robust transient model that can handle dynamic flow 

systems accurately. It is a hybrid scheme that combines 

the advantages of the flux-vector splitting (FVS) 

scheme and the flux-difference-splitting (FDS) 

scheme in order to obtain an efficient and accurate 
prediction. For more comprehensive information about 

the AUSMV scheme and its implementation, please 

refer to the references [21, 22]. 

- Conservation Equations: 

 

1. Liquid mass conservation equation: 
 

The liquid continuity equation can be expressed as 

follows: 
 

𝜕

𝜕𝑡
(𝜌𝑙𝛼𝑙) +

𝜕

𝜕𝑧
(𝜌𝑙𝑢𝑙) = Г𝑙   (4) 

 

2. Vapor mass conservation equation: 

 
The liquid continuity equation can be expressed as 

follows: 

 
𝜕

𝜕𝑡
(𝜌𝑔𝛼𝑔) +

𝜕

𝜕𝑧
(𝜌𝑔𝑢𝑔) = Г𝑔   (5) 

 
 3. Mixture momentum conservation equation: 

 

The momentum conservation equations for both liquid 
and gas can be formulated as follows: 
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Liquid momentum conservation equation: 

 
𝜕

𝜕𝑡
[𝜌𝑓(1 − 𝛼)𝑢𝑓] +

1

𝐴

𝜕

𝜕𝑧
[𝐴𝜌𝑓(1 − 𝛼)𝑢𝑓

2] + Г𝑢𝐼 = −(1 −

𝛼)
𝜕𝑃

𝜕𝑧
− 𝐹𝑤𝑓 − 𝜌𝑓𝑔(1 − 𝛼) sin ∅ + 𝐹𝐼 − 𝐹𝑣𝑚               (6) 

 

Gas momentum conservation equation: 

 
𝜕

𝜕𝑡
[𝜌𝑔𝛼𝑢𝑔] +

1

𝐴

𝜕

𝜕𝑧
[𝐴𝜌𝑔𝛼𝑢𝑔

2] − Г𝑢𝐼 = −𝛼
𝜕𝑃

𝜕𝑧
− 𝐹𝑤𝑔 −

𝜌𝑔𝑔𝛼 sin ∅ − 𝐹𝐼 + 𝐹𝑣𝑚                                                  (7)     

       By adding the liquid momentum equation, Eq. (6), 

and the gas momentum equation, Eq. (7), the 

interfacial forces will cancel each other and the 
following mixture momentum equation can be 

obtained for two-phase flow: 

∂

∂t
[ρgαgug + ρlαlul] +

∂

∂z
[ρgα_gug

2 + ρlαlul
2] +

∂P

∂z
=

∆Pfric

∆z
− [ρlαl + ρgαg]g sin ∅                                           (8) 

 

The conservation equations of mass and 

momentum can be represented in a conservative vector 
form as: 

 

∂

∂t
[

𝜌𝑔𝛼𝑔

𝜌𝑙𝛼𝑙

ρgαgug + ρlαlul

] +

∂

∂z
[

𝜌𝑔𝛼𝑔ug

𝜌𝑙𝛼𝑙ul

ρgαgug
2 + ρlαlul

2 + P
] = [

Г𝑔

Г𝑙

−𝑞
]                       (9) 

 

Where 

αl and αg are volume fractions of liquid and gas  
ρl and ρg are densities of liquid and gas. 

vl and vg are velocities of liquid and gas.  

Γg and Γl are mass exchanges between liquid and gas 
phase. 

P is pressure term 

q is a source term or external forces acting on the fluid 

(e.g., gravitational force and friction force) 

 

 

 

 

 

 

Fig. 1.  Flow chart of the two phases flow code based on 

drift flux approach 
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Constitutive equations: 

 

     Constitutive equations are simplifications used to 

relate unknown variables with known values. Given 

that there are seven unknown variables but only three 
differential equations available, there is a need for four 

additional constitutive equations to achieve system 

closure. These constitutive equations include densities, 
total volume fractions, and slippage equations.  

 

Liquid and gas Density: 
 

The code offers two methods for obtaining liquid and 
gas densities:  

- For a two-phase, single-component mixture 

(steam-water flow), the values are retrieved from 

the thermodynamic steam tables, and a linear 

interpolation function is used. 

- For a two-phase, single-component mixture (water 

and non-condensable), the water density is 

obtained from the thermodynamic table, and the 

non-condensable gas density is obtained from the 

ideal gas law. 

 

                                   ρg =
𝑃

Rspec𝑇
                            (10) 

 

Volume fraction: 

 
The sum of liquid volume fraction and the gas 

volume fraction is always equal to one. 

 

                                  αg + αl = 1                           (11) 

Slippage equation: 

 
       The slip velocity proposed by Zuber and Findlay 

is used to calculate gas velocity based on the area 

average mixture volumetric flux as  

 

      〈〈𝑣𝑔〉〉 = 𝐶0〈𝑗〉 + 〈〈𝑣𝑔𝑗〉〉                   (12) 
 

where the distribution parameter and drift velocity are 
calculated based on the selected drift-flux correlations 

listed in the previous section. 

 

The friction term: 

 
 

        A simple two-phase friction term is used to 

calculate friction force as  

                       𝐹 =
𝑓𝑇𝑃

De
(

ρm𝑗2

2
)                            (13) 

 

The two-phase friction factor is obtained based on 

homogenous flow conditions, where 𝑓𝑇𝑃 = 𝑓𝑙𝑜 , and 

the liquid only friction factor (flo) can be calculated 

using Colebrook correlation [23] 

 

           
1

√𝑓𝑙𝑜
= −2 log10 (

𝜀

3.7𝐷ℎ
+

2.51

𝑅𝑒√𝑓𝑙𝑜
)    (14) 

 

where Reynolds number is given as 

 

                    𝑅𝑒 =
ρl 𝑎𝑏𝑠(𝑣𝑚𝑖𝑥)Dc

μl
                  (15) 

The conditions for laminar and turbulent flows are  
2000 >Re is Laminar 

3000<Re is Turbulent 

For 2000 < Re < 3000, an interpolated friction factor 
is calculated for the transition zone between laminar 

and turbulent flow as  

 

𝐹𝑡𝑟𝑎𝑛𝑠 = (1 −
𝑅𝑒−2000

1000
) × 𝐹𝑙𝑎𝑚 + (

𝑅𝑒−2000

1000
) ×

𝐹𝑡𝑢𝑟𝑏                                                                       (16) 

A detailed flowchart of the code is shown in Fig. 1. 

 

III.B. The Code’s Verification and Validation 
 

      An excellent test of any numerical solution is to 

evaluate its prediction for a simplified problem for 

which an analytical solution can be obtained. Thus, an 
analytical solution of homogenous and equilibrium 

two-phase flow in a vertically heated tube with a 

uniform axial heat flux is used for the validation of the 

code.  
 

     From Fig. 2 and Fig. 3, the numerical solution 

agrees well with the analytical solution for both the 
void fraction and the total pressure drop. Hence, the 

numerical model is verified and can be used for the 

intended assessment of selected correlations.  
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Fig. 2. Void fraction changes with mass flow rate 

 

Fig. 3. Total pressure drop along the heated tube at different 

flow rate 

 

V. New Drift-Flux Correlation Development 
 

V.A. Classification of experimental data into 

specific flow regimes 
 

     Experimental data is categorized into flow regimes 

using the RELAP5/MOD3 flow regime map for 
horizontal flow and the Teitel and Dukler flow regime 

map for vertical flow, as in Fig. 4 and Fig. 5. 

 

 
 

Fig. 4. Experimental data distribution on horizontal flow 

regime map  
 

 

 
 

Fig. 5. Experimental data distribution on vertical flow 
regime map  

 

V.B. Development of drift-flux correlations 
 

 Horizontal flow regime: 

 

        A simplified drift-flux correlation is proposed for 

horizontal flow under the assumption that the local 
drift velocity is zero. A rough estimation of the 

distribution parameter based on the density ratio and 

Reynolds Number [26]. Distribution parameters were 
obtained for vertical flow, and drift velocities for 

bubbly and slug flow regimes were estimated but 

ignored for annular flow.  
 

        Accurate transition line predictions are necessary 

for a horizontal flow regime drift-flux correlation. 

However, it is challenging to precisely estimate the 
transition lines because of the complicated two-phase 

flow characteristics of horizontal pipes. As a result, the 

following assumptions will be used to create a 
straightforward independent drift-flux correlation: 

One can simply assume zero local drift velocity as 

there is no gravitational acceleration in the horizontal 

plane, and local drift velocity is mostly caused by 
gravitational acceleration between the two phases 

along the direction of flow.  
 

   

Fig. 6.  Horizontal Gas flow velocity compared to the 

mixture volumetric flux  
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Since the distribution parameter approaches unity 
when the density ratio approaches unity, the 

distribution parameter can be represented 

approximately by the following asymptotic form: 

            𝐶0 = 𝐶∞ − (𝐶∞ − 1)√
𝜌𝑔

𝜌𝑙
                      (17) 

Thus, from Fig. 6, the asymptotic distribution 

parameter can be calculated as the slope of the linear 

regression line, and the horizontal flow regime drift-

flux correlation can be obtained as: 

                   C0 = 1.25 − 0.25√
ρg

ρl
   (18) 

 

                             vgj = 0.0     (19) 
 

 Vertical Flow regime: 
 

       The distribution parameters for each vertical flow 
regime can be found by using the same method 

suggested for the horizontal flow regime. However, 

the terminal velocity of the disperse phase is used to 
hypothetically calculate the drift velocities of the 

bubbly and slug flow regimes. Due to the high mixture 

volumetric flux in an annular flow regime, the effect 

of drift velocity can be neglected.  
 

 
 
Fig. 7.  Vertical bubbly flow velocity compared to the 

volumetric flux flow 

 

 
 
Fig. 8..  Vertical slug flow velocity compared to the 

volumetric flux flow 

 

 
 
Fig. 9.  vertical annular flow velocity compared to the 

volumetric flux flow 

 

The proposed drift-flux correlation for vertical 
flow takes the following form: 

 

For bubbly flow 

            𝐶0 = 1.0142 − 0.0142√
𝜌𝑔

𝜌𝑙
    (20) 

            𝑣𝑔𝑗 = 1.53 [
𝑔𝜎(𝜌𝑙−𝜌𝑔)

𝜌𝑙
2

]
0.25

(1 − 𝛼)0.5       (21) 

 

 

For slug flow 

                      C0 = 1.225 − 0.225√
ρg

ρl
  (22) 

                    𝑣𝑔𝑗 = 0.32 [
𝑔𝐷(𝜌𝑙−𝜌𝑔)

𝜌𝑙
]

0.5

  (23) 
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For annular flow 

                             C0 = 1.0   (24) 

                             vgj = 0.0   (25) 

 
Since the inclined flow regime is a combination of 

horizontal and vertical flow regimes, one can 

generalize the drift-flux correlation for different 

inclined angles (∅)as follows: 
 

                      𝑣𝑔𝑗 =   𝑣𝑔𝑗0 𝑠𝑖𝑛(∅)   (26) 

 𝐶0 =  𝐶1𝑠𝑖𝑛 (∅) + 𝐶𝑜𝑠 (∅) [1.25 − 0.25√
𝜌𝑔

𝜌𝑙
] (27)

  

Where   vgj0  and  C1 are obtained for each flow regime 

as: 

 
For Bubbly flow 

            𝑣𝑔𝑗0 = 1.53 [
𝑔𝜎(𝜌𝑙−𝜌𝑔)

𝜌𝑙
2

]
0.25

(1 − 𝛼)0.5 (28) 

                  𝐶1 = 1.0142 − 0.0142√
𝜌𝑔

𝜌𝑙
  (29) 

For Slug flow 

 

                   vgj0 = 0.32 [
gD(ρl−ρg)

ρl
]

0.5

    (30) 

                     C1 = 1.225 − 0.225√
ρg

ρl
   (31) 

For Annular flow  

 

                                vgj0 = 0.0   (32) 

 

                     C1 = 1.25 − 0.25√
ρg

ρl
  (33) 

 

Assessment of the proposed correlation: 

 

     The assessment of the new drift-flux correlation is 

shown in Fig. 10 & Fig. 11. Both graphs show 
excellent predictions for all the experimental data 

analyzed in this assessment.  

 

 
 
Fig. 10.  Present correlation for calculated void fractions vs 

measured void fraction 

 

 
 
Fig. 11.  Error for present correlation for calculated void 

fractions vs measured void fraction  

IV. Assessment Method and Results 

Fig. 12–17 include only representative data from 

all experiments to show graphically the comparison of 

the predicted and measured void fractions and the error 
distribution of the predicted values for the top three 

drift-flux correlations. 

 

Toshiba Correlation: 
 

 

Fig. 12.  Comparison between predicted and measured void 

fractions using Toshiba correlation (Representative data) 
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Fig. 13.  Error distribution of the predicted void fractions 

using Toshiba correlation (Representative data) 

 

Hibiki & Ishii Correlation: 

 
 
Fig. 14.  Comparison between predicted and measured void 

fractions using Hibiki & Ishii correlation (Representative 

data) 

 

 
Fig. 15.  Error distribution of predicted void fractions using 

Hibiki & Ishii Correlation (Representative data) 

 
Antonio Correlation: 

 

 
 

Fig. 16.  Comparison between predicted and measured void 

fractions using Antonio correlation (Representative data) 

 

 

Fig. 17.  Error distribution of predicted void fractions using 

Antonio Correlation (Representative data) 

 

 IV. A. Assessment summary of the selected drift-flux 

correlations 
 

      Various drift-flux correlations were evaluated 
based on a statistical analysis that was performed over 

a wide range of experimental data. Based on the 

statistical results shown in Table III, the best-
performing correlation, which is recommended to be 

implemented in thermal-hydraulic codes, is the Hibiki 

and Ishii correlation, followed by the Toshiba 
correlation and the Antonio correlation. Furthermore, 

the newly developed correlation shows excellent 

prediction for all experimental data compared to the 

other correlations. 
 

Table III Summary of All Drift Flux Correlations’ 

Performance 

 

 

VII. Conclusion 

     The goal of this paper is to assess several drift-flux 

correlations used in the nuclear and oil sectors and to 

develop a new correlation for a two-phase flow with 
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various inclination angles, flow regimes, and flow 
geometries. 

      To assess the performance of the selected drift-flux 

correlations, a simple and robust two-phase transient 

code was developed and validated. The code is based 
on a two-phase mixture momentum equation. The 

performance evaluation was carried out using over 

1,600 experimental data points, and the results show 
that the Hibiki and Ishii correlation is relatively the 

most accurate, with a mean absolute error of 16.20%, 

followed by the Toshiba correlation and the Antonio 
correlation, with mean absolute errors of 17.45% and 

17.69%, respectively. 

      Furthermore, for various vertical and horizontal 

flow regimes, the same experimental dataset was 
utilized to construct a novel drift-flux correlation. To 

acquire the necessary distribution parameters and drift 

velocities, the experimental dataset was first 
categorized according to distinct flow regimes. The 

slope of the linear regression of gas velocities versus 

mixture volumetric fluxes was used to calculate the 
distribution parameters, while the drift velocities were 

calculated using the terminal velocities of the 

dispersion phases. The novel correlation outperforms 

previous drift-flux correlations in terms of accuracy, 
with an overall mean absolute error of 14.6%. 
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