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ABSTRACT 

 
The presented work focuses on the break flow prediction in RELAP5/MOD3 code, 

which is crucial to predict core uncovering and heatup during the Small Break Loss-of-
Coolant Accidents (SB LOCA). The code prediction has been compared to the IAEA-SPE-4 
experiments conducted on the PMK-2 integral test facilities in Hungary. The simulations have 
been performed with MOD3.2.2 Beta, MOD3.2.2 Gamma, MOD3.3 Beta and MOD3.3 frozen 
code version. 

In the present work we have compared the Ransom-Trapp and Henry-Fauske break 
model predictions. Additionally, both model predictions have been compared to itself, when 
used as the main modeling tool or when used as another code option, as so-called “secret 
developmental options” on input card no.1. 

1 INTRODUCTION 

Since several analyses during the past few years proved that the original Ransom-Trapp 
break flow model has certain deficiencies and its predictions do not match experimental data, 
the older Henry-Fauske break model has been again coded into RELAP5/MOD3. At first it 
has been put in as an option, with the Ransom-Trapp model being considered the main 
prediction tool. After a longer testing period it has been established that the Henry-Fauske 
model performs better for various test cases, so it has been introduced into the code as the 
main modeling tool, while Ransom-Trapp model was still kept as a user option in the code. 

During the recently completed assessment program for the application of the RELAP5 
code to the proposed advanced passive design of Westinghouse (the AP600), two 
shortcomings of the default Ransom-Trapp choking model were observed: 
o Two-Phase Critical Flow at Low Pressure: if the slip ratio is not forced to be nearly 

unity, the values calculated using the default choking model could be as much as an 
order of magnitude lower than the homogeneous equilibrium values. 

o Subcooled Break Flow: for thin orifice plates (used to model the break) and liquid 
conditions near the saturation point, the default choking model predicted values of the 
critical flow that were 40-50% less than those observed experimentally. 
The most serious shortcoming occurred at low pressure (P ~ 2 bar) and low quality 

conditions. Another significant, but less serious, shortcoming of the default critical flow 
model was observed when the experimental break configuration was a thin orifice plate (t ~ 
10 mm) and the flow was slightly subcooled. 

In addition to the above discussed shortcomings of the default critical flow model, 
several users have reported problems noting apparent discontinuities in the predicted critical 



217.2 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 

flow values for the single-phase to two-phase transition and for the appearance of a non-
condensable gas in a two-phase mixture. Also, several users have reported that the default 
critical flow model predicted values that were considerably “noisier” than those predicted by 
earlier versions of RELAP5 employing the Henry- Fauske critical flow model. For these 
reasons, a modified form of the Henry-Fauske critical flow model was re-introduced into the 
RELAP5 code. 

In the case of IAEA-SPE-4 experiment simulation of the PMK-2 facility the main goal 
of the analysis was to study the adequate modeling of the hexagonal core channel with 19-rod 
bundle and the phenomena during the core uncovering. The most adequate break model has 
been adopted from numerous previous analyses. 

Special attention has been paid to the influence of the break model, coded in different 
RELAP5 code versions. The proper break flow prediction is crucial for triggering all the 
following events, leading to core uncovering and dryout. 

 

2 THEORETICAL BACKGROUND 

2.1 Ransom-Trapp Model 

The two-phase choking model employed in RELAP5 is based on the model described 
by Trapp and Ransom [2] for non-homogeneous, non-equilibrium flow. They developed 
analytic choking criteria using a characteristic analysis of a two-fluid model that included 
relative phasic acceleration terms and derivative-dependent mass transfer. During the original 
development and implementation of this model, both frozen flow and thermal equilibrium 
assumptions were employed to test the analytic criteria. Comparisons to existing data7.2-1 
indicated that the thermal equilibrium assumption was the more appropriate and is thus 
assumed in the following development. 

The two-fluid model employed in the development of the RELAP5 two-phase choking 
criteria includes an overall mass conservation equation, two-phasic momentum equations, and 
the mixture energy equation written in terms of entropy. This equation set includes interface 
force terms due to relative acceleration, since these terms have a significant effect on wave 
propagation. Energy dissipation terms associated with interface mass transfer and relative 
phase acceleration have been neglected in the mixture entropy equation. The characteristic 
velocities of the system of equations are the roots (λi, i < 4) of the characteristic polynomial 

 
0=− BAλ           (1) 

 
The real part of any root λi gives the velocity of signal propagation along the 

corresponding path in the space/time plane. If the defined system of equations is considered 
for a particular region defined by 0 < x < L, the number of boundary conditions required at L 
equals the number of characteristic lines entering the solution region. At x = L, as long as any 
of the λi are less than zero, some information is needed at the boundary to get a solution. If all 
λi are greater than or equal to zero, no boundary conditions are needed at L and the solution 
on 0 < x < L is not affected by conditions outside the boundary at L. This situation defines the 
choking criteria: 

 
jiallforandjfor jj ≠≥≤= 040 λλ       (2) 

 
Further detailed derivation of the choking criteria can be found in [2]. 
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2.2 Henry-Fauske Model 

The steady state, one-dimensional momentum equation for one-component, two-phase 
flow can be written as 

 

wllvv dFumumdAdP ++=− )(
..

       (3) 
 
For high velocity flows in a converging nozzle, the wall shear forces are negligible 

compared to the momentum and pressure gradient terms, allowing the mass flux at the throat 
to be approximated by 
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At critical flow, the mass flow rate exhibits a maximum with respect to the throat 

pressure. Equation (3) and (4) can be combined to give an expression for the critical flow rate 
for an isentropic homogeneous mixture with flashing. 
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Embedded is the assumption that the two phases move with the same velocity, that is, 

that the slip ratio is unity. While at low pressure this is certainly not the case, Henry & Fauske 
argued that the effects of thermal non-equilibrium were more important and that the effect of 
slip could be ignored. Equation (5) then serves as the choking criterion, but to evaluate the 
critical mass flux, the quantities in this expression must be evaluated at the local conditions 
occurring at the throat. Thus, it is assumed that the phase velocities are equal. For normal 
nozzle configurations, there is little time for mass transfer to take place, and it is reasonable to 
assume that the amount of mass transferred during the expansion is negligible. Similarly, the 
amount of heat transferred between the phases during the expansion is also negligible, so that 
the liquid temperature is essentially constant. Since wall shear, heat transfer with the 
environment, and interfacial viscous terms were neglected, the system entropy during the 
expansion was assumed constant. 

The above assumptions eliminate the need to calculate the liquid specific volume and 
the quality at the throat, and also provide a relation for the vapor specific volume in terms of 
the throat pressure and the upstream conditions. It remains to evaluate the throat pressure and 
the three differential terms. Putting all of the above assumptions into Equation (5), the final 
expression for the critical value of the mass flux is further determined in [2]. 

 

3 PMK-2 FACILITY ANS SPE-4 EXPERIMENT DESCRIPTION 

PMK-2 is a 1:2070 volumetrically scaled, full height (except for the lower plenum and 
pressurizer), full pressure and full scaled power integral test facility. On the secondary side 
the steam/water ratio is kept as in the original VVER-440 plant. The reference plant, the 
Hungarian Paks NPP is a 6-loop PWR (VVER-440), but the model is only 1-loop.  
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The IAEA-SPE-4 
experiment, conducted on 
the PMK-2 integral test 
facility, started from full 
scaled power and primary 
loop flow and at nominal 
primary and secondary 
pressure, with the steam 
generator filled almost up 
to the steam line 
connection. The initial 
conditions for the test are 
given in Table 1, where in 
the first column the actual 
SPE-4 test conditions 
prior to the transient 
initiation are identical for 
all the calculations, while 
values achieved after the initialization process are listed in the second column. All the 
parameters were matched closely by RELAP5, except for the primary temperatures, where 
certain discrepancies point at temperature measurement inaccuracy of about ± 1 K, as 
reported in the test documentation [1]. 

The transient was initiated by opening the break valve at the top of the external reactor 
vessel downcomer. There was an orifice with 3.2-mm diameter inserted in the break line, 
which corresponded to a 7.4% break in the original VVER-440 plant. Steam generator has 
been isolated in the first 6 seconds of the transient by closing the valve in the main steam line 
and the feedwater line valve. 

 

4 RELAP5 MODEL DEVELOPMENT 

The hydrodynamic model consists of 101 volumes, connected with 104 junctions. There 
are 102 heat structures with 408 mesh points connected to it. The 48 control variables and 14 
trips represent the measurement system and controls. The model has been developed at “Jožef 
Stefan” Institute (JSI) during the past few years for the purpose of simulating the IAEA-SPE 
experiments ([3], [4] and [5]). System nodalization is presented in Figure 1. 

There were 8 different cases analyzed, using 4 different RELAP5/MOD3 code versions 
(MOD3.2.2 Beta, MOD3.2.2 Gamma, MOD3.3 Beta and the frozen version MOD3.3) 
performing 2 different calculations with each version, where either the Ransom-Trapp or 
Henry-Fauske break flow model was switched on. In MOD3.2.2 Beta version the Ransom-
Trapp model is the default and the optional Henry-Fauske model had to be introduced setting 
on the “Option 50” on the input card 1. In all the later three RELAP5/MOD3 code versions 
the Henry-Fauske break flow model is coded in as the default, while the optional Ransom-
Trapp model had to be switched on by setting on the “Option 53” on the input card 1. 

 

Table 1: Initial conditions for the IAEA-SPE-4 test 
 

Parameter SPE-4 RELAP5 
Core power (kW) 665.12 665.12 
Upper plenum pressure (MPa) 12.33 12.33 
Cold leg temperature (K) 540.1 540.9 
Hot leg temperature (K) 566.7 566.6 
Loop average temperature (K) 553.4 553.75 
Upper head temperature (K) 536.8 534.5 
Pressurizer relative level (m) 1.32 1.32 
Primary flow (kg/s) 4.91 4.91 
Acc. no.1 pressure (Mpa) 6.05 / 6.04 6.05 / 6.04 
Acc. no.1 relative level (m) 1.465 / 1.855 1.465 / 1.855 
Secondary pressure (MPa) 4.56 4.56 
Feedwater flow (kg/s) 0.35 0.3495 
Feedwater temperature (K) 494.2 494.2 
SG relative level (m) 2.62 2.62 
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Figure 1: Nodalization of the PMK-2 facility for RELAP5 analyses of IAEA-SPE-4 test 

5 RESULTS 

The predictions of the same break flow model were first compared for all the considered 
RELAP5/MOD3 code versions. It was established that when using the Ransom-Trapp model, 
the break flow prediction is almost identical for all code versions whether it was the default or 
the optional model (Figure 2). In the case of Henry-Fauske model it appears that slightly 
better prediction was achieved with both MOD3.2.2 code versions, especially with MOD3.2.2 
Gamma (Figure 3). 

This can be even more clearly seen in Figure 4 and Figure 5. Since the main goal of the 
SPE-4 analysis was to analyze thermal-hydraulic processes in the core, fuel rod temperature 
was compared between different code versions. It was again shown that all the calculations 
using Ransom-Trapp model, with the small exception in MOD3.3 Beta, predict the timing of 
the core heatup and the peak cladding temperature very close to each other (Figure 6). 
Comparing the code calculations using Henry-Fauske model reveals, that the start of the core 
heatup and the peak cladding temperature was predicted most accurate with MOD3.2.2 
Gamma, except that the time when the peak cladding temperature was reached, was slightly 
earlier than in the other 3 calculations (Figure 7). 

Observing reactor vessel level prediction this might be even considered the most 
accurate prediction, since in all calculated reactor vessel levels were considerably 
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underpredicted (Figure 8 and Figure 9) and as expected, the core heatup begins earlier. This is 
still unsolved issue in RELAP5 code and does not have direct connection with the break flow 
prediction, but rather with wall and interfacial drag in the core bundle region. 

Further investigation of the differences between experimental results and code 
prediction showed, that the amount of liquid in the primary system was predicted sufficiently 
accurate by all the code versions, except that the missing liquid could be detected in the hot 
leg loop seal on the side of the steam generator (Figure 10 and Figure 11). These 
discrepancies origin from steam generator modeling and are not subject of the present 
analysis but are planned to be further investigated. 

 

Figure 2: Integrated break flow (Ransom-
Trapp model predictions) 

Figure 3: Integrated break flow (Henry-
Fauske model predictions) 

Figure 4: Integrated break flow (MOD3.2.2 
Gamma predictions) 

Figure 5: Integrated break flow (MOD3.3 
predictions) 

Figure 6: Fuel rod temperature (Ransom-
Trapp model predictions) 

Figure 7: Fuel rod temperature (Henry-
Fauske model predictions) 
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Figure 8: Reactor vessel level (Ransom-Trapp 
model predictions) 

Figure 9: Reactor vessel level (Henry-Fauske 
model predictions) 

  

Figure 10: Cold collector level (Ransom-
Trapp model predictions) 

Figure 11: Cold collector level (Henry-
Fauske model predictions) 

 

6 CONCLUSIONS 

The comparison of predictions of different RELAP5/MOD3 code versions has been 
made for the case of IAEA-SPE-4 experiment, performed on the PMK-2 integral test facility. 

It was shown that the break flow predictions using Ransom-Trapp break flow model do 
not vary much in different RELAP5/MOD3 code versions. The same was observed when 
using Henry-Fauske break flow model. It was noticed that even slightly better results were 
obtained by both MOD3.2.2 code versions, especially MOD3.2.2 Gamma. Nevertheless, 
differences in the results were not so significant that reliable judgement could be made about 
which break flow model performed better in the SPE-4 experiment analysis. 

Most of the other parameter values were similarly predicted in all the 8 calculations. 
Some differences in peak cladding temperature prediction do not originate from the choice of 
break flow model, since mass balance prediction was almost identical in all the cases. It is 
common to all the predictions that the reactor vessel level was underpredicted, since some 
primary liquid remained trapped in the hot leg loop seal. This remained an unsolved issue 
concerning steam generator primary side model. 

In spite of the underpredicted liquid level in the core region core heatup occurred 
approximately at the same time as in the experiment, which points on inability of the 
RELAP5/MOD3 code to completely describe the processes occurring during level depletion 
within the fuel bundle. 

It should also be mentioned that most of the previous SPE-4 calculations during the 
model development phase were performed with MOD3.2.2 Gamma code version. Thus there 
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may be some user effect involved, since the facility model may be “tuned” to this particular 
code version. 
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