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1. Introduction 

 
Through the time/volume averaging technique [1, 2, 5, 6, 7], 

one can get the interfacial forces caused by the volume 
fraction gradients in the horizontal channel or horizontal 
counter current model (HCC). But, in reality, there are still 
very diverse differences in modeling the term and in applying 
the term in the computer programs. 

 
Table I Period and Wave Speed of Circular Cavity 
Sources Period(sec) Wave speed(m/sec) 

SPACE calc. 19.7 1.02 
RELAP5 calc. 27.3 0.73 

TRACE calc.[9] 15.8 1.26 
RELAP5 [5] 7.2 2.78 
Ransom [6] 7.8 2.56 

Linear Theory 14.7*/15.6** 1.36*/1.27** 
* equivalent rectangular cavity, ** pipe theory 

 
Fig.1. Cavity with Linear Profile Perturbation 

 
Table I shows five different results for the estimation of the 

period for the circular cavity filled with saturated water of 
10Mpa, in which the vapor volume fraction is linearly 
perturbed with δα = 0.06(x/𝐿 − 0.5)  from base value of 0.5 
along the length x, as depicted in the Fig.1. The length (L) and 
the diameter (H) of the cavity are 10m and 0.5m respectively. 
It was found that the virtual mass coefficients, different 
models and mistakes in the documents are three main sources 
of the differences.  

 
2. Various Models 

 
Wallis’s intuitive derivation in his textbook [3], derives the 

interfacial force term by intuition in the rectangular channel as 
follows; 
Φg = αgαlg�ρl − ρg�H δαl

δx
      (1) 

Φl = −αgαlg�ρl − ρg�H δαl
δx

  (2) 
The most rigorous derivations are found in RELAP5 related 

documents [5, 6]. The results are the same as Wallis’ 
derivation. But circular pipe model is also derived as follows; 
Φg = αlαg�ρl − ρg� �

πgH
4sinθ

� ∂αl
∂x

  (3) 

Φl = −αlαg�ρl − ρg� �
πgH
4sinθ

� ∂αl
∂x

   (4) 
In TRAC [8] a simpler model is derived and the term is 

added only to liquid phase; 
 Φl = −�ρl − ρg�gH∂αl

∂x
   (5) 

 
3. Effects of the virtual mass coefficients 

 

The difference momentum equation with HCC model is 
written as follows; 

�1 + Cρm2

ρgρl
� �∂ug

∂t
− ∂ul

∂t
� = ⋯ ρm

ρgρl
�ρl − ρg�gH∂αl

∂x
     (6) 

Since the term (∂αl/ ∂x) roughly can be a function of the 
displacement of the wave, it can be understood as the 
oscillator equation with the inertia of �1 + Cρm2 /ρgρl�. If the 
virtual mass coefficient C  is not zero, then it effectively 
increase the inertia of the oscillator and the period turns out to 
be longer. The virtual mass coefficients of RELAP5 and 
SPACE are a function of gas volume fraction and shown in 
Fig.2. 

 
Fig.2. Virtual mass coefficients of RELAP5 

 
Table II Code Predictions of periods for experiment (seconds)  

 experiments Linear 
theory 

SPACE 
(C=0.5) 

SPACE 
(C=0.0) 

Air/water* 1.5 1.46 1.67 1.53 
Salt/water [9] 80.1** 87.7 112.2 80.1** 

*Mineral water bottle test 
**density is adjusted to match the values 

 
During this study it was found that if virtual mass 

coefficients are set 0.0, agreements between the calculations 
and the experimental results are much improved as shown in 
Table II. And linear theory developed in section 4 below 
perfectly matched with the code runs without virtual mass 
coefficients. 

 
3. Theory of Kelvin-Helmholtz Oscillator 

 
According to Milne-Thomson [4], the speed of long wave 

with wave number 𝑚 is; 

𝑐 = �𝛼𝑔𝛼𝑙�𝜌𝑙−𝜌𝑔�
𝛼𝑙𝜌𝑔+𝛼𝑔𝜌𝑙

𝑔𝐻    (7) 

And the speed of the wave in the channel with circular cross 
section is written as; 

c = �αgαl�ρl−ρg�
αlρg+αgρl

� π
4sinθ

�gH   (8) 

For the standing wave in the finite length of the cavity the 
period can be estimated as follow; 
𝑇 = 2𝐿

𝑐
      (9) 

Sometimes torus is better for the validation of the model 
because it can get away with the boundary condition effects. For 

H 𝛼𝑔 

𝛼𝑔𝑒 = 𝛼𝑔 + 𝛿𝛼 

𝛼𝑔𝑖 = 𝛼𝑔 + 𝛿𝛼 L 
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the standing wave in the torus the period can be estimated with 
following equation; 
𝑻 = 𝑳

𝒄
      (10) 

  
5. Validation of models against the KH oscillator 

 
Two geometries are used, rectangular torus and circular torus 

as shown in Fig.3.  
 

 
Fig.3. Rectangular and Circular Torus (L=10m, H=0.5m, 20 

nodes, αg = 0.5,δα = 0.001 sin(2πx) /L) 
 

 
Fig.4. Periods for rectangular torus 

 
Fig.5. Period for circular torus 

 
As one can see in Fig.4, predicted periods of rectangular torus 

by linear Kelvin-Helmholtz theory are perfectly matched with 
those of calculations. Similar comparisons are made for the 
circular torus as in Fig.5. Therefore it is concluded that the 
RELAP5 derivation of the HCC model is correct. 

The model used in TRAC or TRACE code has the problem of 
the dependency of the period on the gas volume fraction. As 
depicted in Fig.6, periods predicted by TRAC code become 
smaller as the gas volume fraction gets larger. This behavior is 
quite opposite trend predicted by theory and predicted by 
SPACE code. Therefore, it can be said that TRAC has some 
deficiency in its HCC model. 

 

 
7. Conclusions 

 
The HCC models have been scrutinized to lead to the fact that 

the RELAP5 model has strong foundations. It is the most 
important fact that the RELAP5 model is identified to be 
equivalent to the Kelvin-Helmholtz oscillator theory in its linear 
application range. 

It is also very important results of this study that the usage of 
virtual mass coefficients in the code strongly affects the 
behavior of the HCC model. Without the virtual mass 
coefficients RELAP5 and SPACE behaves exactly the same as 
the linear Kelvin-Helmholtz oscillator. 

 

 
Fig.6. 𝛼𝑔 dependency of periods for the rectangular torus 
 

REFERENCES 
 

[1] S. Y. Lee, et. al, “Formulation of time and volume 
averaged two-fluid model considering structural materials in a 
control volume”, NED, Vol-239 pp 127-139, 2009. 
[2] S. Y. Lee, et., al., “The derivation of two-fluid, three-field 
governing equations in porous media using time-volume 
averaging formulation and its application to develop a safety 
analysis code”, Proceedings of ICAPP’11 Nice, France, May 
2-5, 2011 Paper-11122. 
[3] G. B. Wallis, “One-dimensional Two-phase Flow,” 
McGraw-Hill, Inc, 1969. 
[4] L. M. Milne-Thomson, “Theoretical Hydrodynamics”, 
Dover Publication, 1968. 
[5] RELAP5/MOD3.3 Code manual, volume-I: validation of 
numerical techniques in Relap5/Mod3.0, Nuclear Safety 
Analysis Division, NUREG/CR-5535/Rev-1, December, 2001. 
[6] RELAP5/MOD3.3 Code manual, volume-III: validation of 
numerical techniques in Relap5/Mod3.0, Nuclear Safety 
Analysis Division, NUREG/CR-5535/Rev-1, December, 2001. 
[7] V. H. Ransom, “The RELAP5 two-fluid model and 
associated numerical methods”, June 1994, School of Nuclear 
Engineering, Purdue University, West Lafayette, IN 47907 
[8] TRAC-BFl/MODl, Models and Correlations, NUREG/CR-
4391, August 1992, Edited by J. A. Borkowski, N. L Wade, 
EG&G Idaho, Inc. Idaho Falls, ID 83415 
[9] http://www.youtube.com/watch?v=dECC_L1Tkdk 
[10] B. D. Chung, “Horizontally Stratified Countercurrent 
Flow”, private communication. 
[11] M. Ishii, et. al., “Thermo-fluid dynamics of two-phase 
flow”, 2nd Ed. Springer, 2011. 
 

http://www.youtube.com/watch?v=dECC_L1Tkdk

