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1. Introduction 
 

The fundamental two phase pressure drop calculation 
methods in MARS vessel module were reviewed in this 
paper. Around the high void fraction region of two phase 
flows, simple approximated two phase friction multiplier 
was a source of unreasonable discrepancies. Therefore, 
basic Lockhart-Martinelli [1] correlation was adapted and 
implanted in to the MARS vessel module. The two phase 
multiplier was calculated under various mass flow rate 
conditions and compared to the simple method. 

 
2. Pressure Drop Discrepancy  

 
There are three ways to calculate the wall-liquid film 

frictions. The first way is that by applying the velocity 
gradient based on an approximate correlation for the 
velocity profile in the liquid film. Second way is that by 
assuming as wi ττ = , thus neglecting the gravitational 
force term in the liquid film momentum conservation 
equation. Finally, the third way is to use an empirical 
correlation to calculate the two phase friction pressure 
gradient and to assume that wall friction is imposed 
directly on liquid film. Among these, the third approach, 
which has been widely applied in two-fluid modeling is 
currently utilized in most of the best-estimate thermal-
hydraulic code for nuclear reactor transient analyses.  

MARS vessel module has been utilized the third way 
of calculating wall friction. The friction factors for 
laminar and turbulent regime are as follows. 
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Where, subscript k means each phase. D and ε 

represent the hydraulic diameter of flow channel and wall 
roughness, respectively. In the turbulent region, the 
engineering approximation to the Colebrook-White 
correlation was used. The friction factor in the transient 
regime is calculated by interpolation. These friction 
factors are the same to those of RELAP5 [2]. 

MARS vessel module has utilized the friction 
multiplier with a simple approximation of annular flow 

regime [3]. In the moderate void fraction value, the 
multiplier was  
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In order to check the validity of this approximation, 

vertical channel flow was postulated as in the Figure 1. 
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Figure 1. Schematic of vertical channel flow  
 
First, 3 mass flow rate cases are tested to investigate 

the pressure drop amounts under non-heating and heating 
cases. The degree of subcool is maintained at 18K for 
6.89 MPa. 

 
Table1. Pressure drop calculations for vertical flow 

 
As in Table 1, the pressure drop amounts for 1D and 

vessel are quite equal for the non-heating single phase 
flows. But in the heating cases, where the CHF occur, the 
pressure drops of 3D vessels are almost twice higher than 

Non-heating(adiabatic) Heating Mass 
flow 
(kg/s) 1D pipe 3D vessel 1D pipe 3D vessel

0.04753 41.7 41.5 26.3 64.7 

0.25 59.5 59.4 191 344 

0.65 176.0 176.0 559 1080 



those of 1D case. This result reveals that the pressure 
drop discrepancies are exist in the two phase region. 

Figure 2 shows the pressure drop between two nodes 
located at the middle of the vertical channel for adiabatic 
upward flows under saturated condition at 6.89 MPa. 
Various combinations of vapor and liquid phase mass 
flow rates have been injected from the bottom of channel 
with the total flow rate maintained.  
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(a) Mass flow rate of 0.04753 kg/s (G=380 kg/s-m2) 

0

5000

10000

15000

20000

25000

0.0 0.2 0.4 0.6 0.8 1.0

Void Fraction

P
re
s
s
u
re
 D
ro
p
 (
P
a

1D Pipe

3D Vessel

modified 3D

 
(b) Mass flow rate of 0.25 kg/s (G=2000 kg/s-m2) 
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(c) Mass flow rate of 0.65 kg/s (G=5200 kg/s-m2) 
Figure 2. Comparisons of pressure drop across a node 

in adiabatic upward two phase flow 

In that figures, tremendous differences have been 
observed after a certain value of void fraction.  

 

3. Modification of Two Phase Friction Multiplier 
 
In order to remove the discrepancies in the high void 

fraction region as in the figure 2, traditional Lockhart-
Martinelli correlation was implemented in vessel module 
instead of Equation (3). Both the film and vapor core flow 
were assumed as viscous dominant flow, thus the constant 
C in Equation (4) and (5) was determined as 5.0. 
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Based on this modification, Bennett’s CHF test series 

are modeled both with 1D and vessel modules. This test 
series is a vertical channel flow experiment with uniform 
heating beyond the critical heat flux criteria [4]. Besides 
the heating case, the adiabatic upward flows at certain 
qualities are also investigated. As the results, the pressure 
drops between two nodes are represented in figure 2 with 
the label of ‘modified 3D’.  

 
4. Conclusion 

 
The simple approximation of two phase friction 

multiplier model, which used in MARS vessel module, 
was a source of pressure drop discrepancies at high void 
fraction condition. The Lockhart-Martinelli two phase 
friction multiplier model has been implemented in MARS 
3D vessel module. This modification makes the pressure 
drop of vessel module similar to 1D calculation in high 
void fraction region of both adiabatic and heating 
conditions.  
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