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ABSTRACT 

Paper describes simulation of MASPn experiments, which were performed in the 
MISTRA test facility, with lumped-parameter code COCOSYS. MASPn experiments belong 
to the SARNET spray benchmark, which was initiated in the Containment Atmosphere 
Mixing work package. The objective of this benchmark is to evaluate the spray modelling in 
the containment codes.  

The paper presents developed MISTRA nodalisation scheme for COCOSYS code, and 
the results of performed analysis. It is shown that a clear specification of experiments initial 
conditions is needed to perform the simulation of the experiments. The performed parametric 
analysis shows that in the simulation the heat losses through the external walls behind the 
lower condenser installed in the MISTRA facility determines the long-term depressurisation 
rate. 

1 INTRODUCTION 

In the event of severe accident in a Pressurized Water Reactor (PWR) spray systems 
could be used to boost gas mixing in case of the presence of hydrogen and to avoid 
overpressure in case of a pipeline break. In order to evaluate the ability of containment 
modelling codes to simulate the spray behaviour and the interaction with gas atmosphere, 
SARNET (Severe Accident Research network) initiated the spray benchmark in two test 
facilities: TOSQAN and MISTRA [1]. Lithuanian Energy Institute participated in the 
benchmark by simulating MASPn tests performed in the MISTRA facility. 

There were performed three MASP tests – MASP0 as reference case without spray 
activation and MASP1, MASP2 tests with depressurisation of the containment atmosphere by 
spray. Lumped-parameter code COCOSYS [2] version2.3v11 was used for the analysis.  

In this paper the developed nodalisation scheme of MISTRA test facility for COCOSYS 
code and the obtained results are presented. The performed analysis showed that a clear 
specification of test initial and boundary conditions is essential in order to perform the correct 
simulation of the experiments. The performed parametric analysis revealed importance of the 
conditions in the so-called “dead-end” volume behind the condensers, installed in MISTRA 
test facility. 
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2 EXPERIMENTS 

The purpose of MASPn experiments is to study containment depressurisation due to 
interaction of spray with thermally stratified containment atmosphere. There were three 
experiments – MASP0, MASP1 and MASP2 – performed in MISTRA test facility. Each 
MASP experiment followed M5 experiment, during which the steam release into the facility 
took place and the stratified atmosphere was created. MASP1 and MASP2 experiments can be 
divided into two phases – phase of the depressurisation due to the thermal losses (0 s – 
2100 s) and spray phase (2100 s – 3900 s). MASP0 experiment is a reference case and has 
only one phase – depressurisation due to the thermal losses (0 s – 3900 s). Detailed 
description of experiments can be found in [3]. 

 
2.1 MISTRA test facility 

Experimental MISTRA facility is a vertical stainless steel cylindrical vessel with curved 
bottom (Figure 1). The free volume of the cylinder is ~99.5 m3, internal diameter – 4.25 m, 
height – 7.38 m. Vessel is thermally insulated with 20 cm of rock wool. Three cylinders with 
controlled surface temperature are inserted inside the vessel. They are called condensers. 
Condensers are not perfect cylinders, but regular polygons with 24 sides. Inner diameter of 
every condenser (corresponding cylinder) is equal to 3.8 m. Condensers are situated between 
1.285 m and 7.28 m of cylinder height. The height of lower condenser is equal to 2.187 m. 
Medium and upper condensers have height equal to 1.784 m. Condensation occurs only on 
surfaces of condensers facing inside of MISTRA facility. Outside surfaces are insulated with 
2 cm synthetic foam layer. Further description of facility can be found in [1] and [3]. 

 

 
Figure 1: Schematics of MISTRA test facility [1] 

 
2.2 Benchmark specifications 

MASP-n benchmark was performed in two parts: 1) part A, where specification only 
mean values of gas temperature and steam volume fraction were given (Table 1), and 2) part 
B, where the steam content and temperature stratification conditions were specified. The 
stratification conditions, that are present prior starting MASPn experiments were created 
during M5 test performed before each MASPn test. The stratification of steam content and 
gas temperature are presented in Figure 2 [4]. One could see that after M5 test the temperature 
gradient is created between elevations 1.25 m and 4.5 m. Temperature difference in this 
region is 40 oC. The stratification of steam volume fraction changes from 0.25 at elevation of 
1.25 m to 0.6 at elevation of 3.5 m. The spray droplet size distribution were not given in the 
specification, a value of around 1 mm was specified [3]. 

 



405.3 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 

Table 1: Part A specifications [1] 

Parameter MASP0 MASP1 MASP2 
Pressure 2.4 bar 2.4 bar 2.4 bar 
Mean gas temperature 124ºC 124ºC 124ºC 
Steam volume fraction (deduced from mass 
balance) 

0.45 0.45 0.45 

Air mass ~115 kg ~115 kg ~115 kg 
Water temperature in the nozzle - 40ºC 60ºC 
Droplets mass flow-rate - 0.87 kg/s 0.87 kg/s 
Temperature of lower condenser 80ºC 80ºC 80ºC 
Temperature of medium and upper condensers 140ºC 140ºC 140ºC 
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Figure 2: Additional experimental data in part B specification [4] 

During the phase of depressurisation due to a thermal losses pressure drops from initial 
value of 2.4 bar to ~2.2 bar in first ~500 s and then slowly decreases (Figure 3). At the end of 
MASP0 experiment (~4000 s) the pressure decreases down to ~2.03 bar. During MASP1 and 
MASP2 tests the sprays were activated after 2100 s. Until this time the pressure behaviour in 
all tree cases is very similar and small differences are caused by the different conditions that 
appear after M5 tests. After spray activation the pressure drop appears. In MASP1 experiment 
the pressure after 4000 s is ~1.6 bar and in MASP2 experiment is ~1.45 bar. The different 
pressures in case of MASP1 and MASP2 experiments are due to different temperature of 
injected water.  

 
Figure 3: Experimental results [3] 
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3 NODALISATION SCHEME 

Experiments were simulated with lumped-parameter code COCOSYS version V2.3v11. 
Developed nodalisation scheme of the MISTRA test facility (Figure 4) consisted of 31 nodes, 
which were connected by 50 atmospheric junctions. Water film flow along condensers was 
modelled with 4 junctions. Condensers were simulated by 14 structures, walls of containment 
– 11 structures. This nodalisation scheme was developed on the basis of MISTRA facility 
nodalisation, which was used in the frames of ISP-47 (International Standard Problem) 
project [5]. In order to better reflect the atmosphere stratification at the level of lower 
condenser the previous nodalisation was refined. In the current nodalisation at the level of 
lower condenser there are four vertical subdivisions instead of two in the previous ISP-47 
nodalisation.  

As can be seen from Figure 2 the gradients of both temperature and steam volume 
fraction are created in the region between 1 m and 4 m of the facility height, which 
corresponds to the level of lower condenser. Consequently, this region is subdivided into four 
vertical parts (instead of two, like regions of middle and upper condensers) in order to 
simulate the temperature and steam fraction gradients in more details. 

Nodalisation scheme includes 3 radial nodes in the central part of the containment and 
one in the “dead-end volume” behind the condensers. There are 8 vertical levels with detailed 
radial subdivision. The sump is simulated by a single node defined below the lower 
condenser. The fixing flanges are not considered in the developed nodalisation and this could 
have an impact on the results. The heat transfer through convection, radiation and 
condensation was considered. 

Several paths of the spray droplets were identified according to nodalisation. Fraction of 
the total water inlet mass flow of the spray system related to each spray path was calculated 
according to the part of the cone base area which corresponds to the given path. In the 
benchmark specification the diameter of the spray droplets was defined as 1 mm. The spray 
model, which is implemented in COCOSYS code, simulates only monodisperse droplets, i.e. 
does not allow droplet size distribution.  
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Figure 4: Nodalisation scheme for COCOSYS code 

 

4 CALCULATION RESULTS 

Base case initial and boundary conditions were set accordingly to part A specification 
[1], where the gas stratification was not identified. When using mean gas temperature and 
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mean steam volume fraction as homogenous initial conditions for vessels volume the 
calculated pressure drop in MASP0 case (Figure 5) was too high compared to the 
experimental results (Figure 3). Calculations showed that after 4000 s the pressure would drop 
to almost 1.8 bar, but in experiment it was over 2 bar still. This result shows that experiment 
has to be simulated using gas temperature and steam fraction gradients for initial data. 

MISTRA nodalisation was modified to include gradients from the part B specification 
(Figure 2) [4]. But with such conditions the relative humidity at low elevations is greater than 
100% and it is not possible to perform calculations (Figure 6) with such conditions. 
Nevertheless, it should be noted that with such temperature and steam volume fraction 
distribution the mass of air in facility is 115.7 kg and corresponds to the specification (see 
Table 1). Considering that the better definition of experimental boundary conditions was not 
available it was decided to perform parametric analyses with slightly modified conditions in 
order to start calculations and study the effect of these conditions on the results. As well there 
were performed several analyses to study the effect of modelling assumptions.  

 
Figure 5: Pressure evolution using homogenous initial conditions 

 

 
Figure 6: Relative humidity obtained with conditions from part B specification 

 
At first it was chosen to reduce the steam volume fraction at lowest elevations of the 

facility from 25% to 20%. This helped to start calculations but the obtained depressurisation 
rate (Figure 7) was not much different from the one received assuming homogeneous mixture 
in the facility (Figure 5), i.e. they are significantly different from the experimental values.  
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Figure 7: Pressure evolution with decreased steam volume fraction at low elevation 

 
The next step was to investigate the influence of modelling parameter – loss coefficient 

in junctions – on the depressurisation rate. The loss coefficient was changed from 1.0 in base 
case to 0.5 and 1.5 as different variants. The results showed that variation of the loss 
coefficient in junctions does not influence the results significantly (Figure 8).  
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Figure 8: Pressure evolutions with different loss coefficients 

 
Later it was decided to perform variation of initial temperature and steam volume 

fraction at lower and upper elevations. At first the temperature in lower part of containment 
was defined 85°C instead of 87°C, then the steam fraction at low elevation 18% instead of 
20% and then the steam fraction at high elevation 55% instead of 60%. These values were 
taken considering the measurement errors. Only the variant with 55% of steam volume 
fraction at high elevation made more significant influence on the results (Figure 9). But the 
pressure was still too low compared with experiment and, furthermore, such change of gas 
content changes the facility air mass and it becomes noncompliant with the test specification.  
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Figure 9: Pressure evolutions with different initial parameters 
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The characteristic length of the structure is another modelling parameter, which was 

changed to investigate the influence on the calculations results. This parameter is not well 
defined in the modelling methodology. According to COCOSYS User’s manual [2] it is 
defined as the height of the vertical wall, while in different reports it is suggested to use 0.01 
or 0.05 for all vertical walls. The performed analysis showed that this parameter had 
significant influence on results, but the calculated pressure was still too low compared to 
experiment (Figure 10). The variation of this parameter leads to 0.1 bar pressure difference at 
the end of calculations. 
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Figure 10: Pressure evolutions with different characteristic length values 

 
The last tested assumption was simulation of the external walls of the test facility. The 

calculations were performed assuming that there are no external walls, i.e. the 
depressurisation is determined only by the heat transfer to the lower condenser. The obtained 
results showed that the calculated depressurisation rate is similar to the measured (Figure 11). 
After further examinations it was determined that only structures behind the lower condenser 
determined the heat loss through external structures and the depressurisation rate in the long-
term. 
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Figure 11: Comparison of pressure evolutions calculated from base case and 

calculated without external structures, MASP0 
 
For the final analysis of MASPn experiments it was decided to decrease the area of the 

junction behind the lower condenser. The area of the junction was selected in such way that 
the calculated depressurisation rate due to heat loses, i.e. MASP0 test, comply with the 
measured results best. In the case of MASP0 experiment, pressure reaches ~2.2 bar at ~500 s 
and stays a bit over 2 bar at ~4000 s (Figure 12), i.e. results are similar to the experiment 
measurements (Figure 3). MASP1 and MASP2 experiments’ spray phases reach similar 
pressure value at the end of the spray phase, but in the beginning of the phase the pressure 



405.8 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 

decreases too slow compared to the experiment and, accordingly, too fast in the second part of 
the phase.  
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Figure 12: Pressure evolutions calculated with decreased junction area behind lower 

condenser 

5 CONCLUSIONS 

The analysis of MASPn experiments was performed using the lumped-parameter code 
COCOSYS. The influence of different experimental parameters and modelling assumptions 
were investigated in order to determine the most important parameters that influence the 
depressurisation rate during the experiments performed in the frames of spray benchmark in 
MISTRA test facility.  

The performed analysis showed that a clear definition of the initial and boundary 
conditions, including developed gas stratification, of the experiment is required in order to 
develop a nodalisation, which could be used for simulation of experiments.  

None of the considered modelling parameters (loss coefficient in the junctions, 
characteristic length of structure) had major influence on the calculated results.  

Variation of the atmosphere stratification conditions could not reproduce the measured 
depressurisation rate.  

The performed simulations of MASPn experiments and obtained results show that the 
calculated heat losses through the external walls behind the lower condenser installed in the 
MISTRA facility determines the long-term depressurisation rate. 
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