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Spray systems in french PWR

SPRAY NOZZLES 

LOCATED AT THE TOP OF THE 

CONTAINMENT

~ 500 nozzles

Flow rate: 280 kg/s per ramp

Temperature: 20° - 60°C

Spray nozzles
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Fission

products

wash-out

Hydrogen 

mixing

Spray systems ðmain phenomena

SPRAY

SYSTEMS

Pressure

reduction
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ôState of the artõ

Å Large scale

Ą few information on spray droplets

Ą reduced information on gas distribution

ÅCode validation

ĄMainly lumped parameter codes

ĄFor depressurisation study or aerosol wash-
out

Experiment NUPEC CSE CVTR

Volume (m^3) 1300 751 6500

Compartments 25 6

Temperature 182
(wall, sump, gas)

5 49
(23 Ą liner)

Concentration ôpointsõ29 (helium) 14

Other 10 « flow » measurments

Number of nozzles 21 12 4-16

Spray flow-rate (kg/s) 19 3 18-30
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Objective of new activities on SPRAY

To propose an experimental database 

on smaller scale facilities

for detailed spray calculations and validations, 

i.e. with more detailed measurements, 

especially on droplets
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Spray effects on H2 distribution

Heat and mass transfer

Depressurisation

LOCAL LEVELS

TOSQAN 101

GLOBAL LEVELS 

MISTRA MASPnTOSQAN 101

Momentum exchange

Gas mixing

LOCAL LEVELS

TOSQAN 113

GLOBAL LEVELS 

MISTRA MARC2bTOSQAN 113

MISTRA MARC2b

SARNET SPRAY BENCHMARK

THERMALHYDRAULIC PART DYNAMIC PART

Pressure

reduction

Hydrogen 

mixing
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SARNET Spray benchmark participations

INSTITUTION TOSQAN 101 TOSQAN 113

AREVA GASFLOW -

CEA TONUS-LP -

EDF NEPTUNE-
CFD

NEPTUNE-CFD

FZK GASFLOW

IRSN ASTEC
TONUS-CFD

ASTEC

JSI CFX
ASTEC

CFX
ASTEC

UJV MELCOR -

Univ. Pise FUMO FUMO

VEIKI GASFLOW GASFLOW

Contributions 5 LP, 6 CFD 3 LP, 4 CFD

INSTITUTION MASPn MARC2B

CEA TONUS-LP TONUS-CFD

FZK GASFLOW GASFLOW

GRS ASTEC, 
COCOSYS

-

IRSN ASTEC -

JSI ASTEC ASTEC

LEI COCOSYS -

UJV MELCOR -

Contributions 7 LP, 1 CFD 1 LP, 2 CFD

TOSQAN MISTRA

11 organisations, 9 different codes, 28 participations



Introduction and Objective
Benchmark participants
Experimental Facilities
Thermalhydraulic part
Dynamic part
Conclusion



MISTRA TOSQANSARNET SPRAY BENCHMARK

- 12

TOSQAN facility

Steam injection

before spray activation

Spray nozzle

SUMP, water drained

Gas instrumentation level
Pressure

Gas temperature > 100 thermocouples

Gas velocity, turbulence: -LDV & PIV

Gas concentration: -Spontaneous Raman 

Spectroscopy (SRS)

-Mass spectrometry

Technical characteristics

Vessel
Volume: 7 m3, Height: 4.8 m, Diameter: 1.5 m

Wall temperature controlled

Experimental condition range
Pressure: 1 to 7 bar

Temperature: up to 160°C

Steam injection: 1 to 30 g/s

Spray injection: 3-50 g/s

Spray temperature: 20 ï60°C

Circuits
Gas injection (air, helium, é)

Steam injection

Droplet instrumentation level
Droplet size measurements

Droplet temperature

Droplet velocity measurements
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MISTRA facility (Mitigation -Stratification )

Constant wall temperature

Volume: 99.5 m3, 

Internal diameter: 4.25 m

Height: 7.38 m

Instrumentation under spray 

conditions:

ÅThermocouples

ÅMass spectrometry

ÅWall condensation mass flow 

rate at 6 locations
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Description of the tests

Test M5:

Pressurization of the vessel with steam

Tests MASP1 and MASP2:

Å 0Ą 2100 s: 

Depressurization by heat and mass losses

Å 2100 Ą 3900 s: 

Depressurization by spray activation

Test MASP0:

Depressurization by heat and mass losses

Description of the calculations : 3 different initial conditions definitions

Å Part A: Homogeneous initial conditions deduced on the M5 steady-state

Å Part B: 1D initial conditions for gas temperature and steam concentration 

taken from the experimental data of the M5 steady -state

Å Part C: Initial conditions of the M5 test.

M5-MASPn Tests - Test sequence
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Air Steam steady- state: 

10H45 - 13H01

Spray : 

13H35 - 

14H05

Stop of steam injection : 13H01
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 MASP2-pressure depressurization

LP and CFD calculations and experimental data
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M5-MASPn Tests ðMain results
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TOSQAN 101 Test ðTest sequence
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Constant pressure:

 final equilibrium reached after  ~ 4000 s
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TOSQAN 101 Test ðMain results
Total Pressure Local variables

SARNET Spray Benchmark - Tosqan 101 test

TOSQAN axis - R12, Final equilibrium
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IRSN CEA TONUS-CFD

EDF NEPTUNE

JSI CFX case 2

FZK GASFLOW (Uz_Gas)
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SARNET Spray Benchmark - TOSQAN 101 test

Z14, final equilibrium

30

40

50

60

70

80

90

100

110

120

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Radius (m)

G
a

s
 t

e
m

p
e

ra
tu

re
 (

°C
)

EXPERIMENTS

JSI CFX

FZK GASFLOW

IRSN CEA TONUS-CFD

VEIKI GASFLOW

EDF NEPTUNE

AREVA GASFLOW
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SARNET SPRAY BENCHMARK - TOSQAN 101 Part B - Total pressure
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SARNET Spray Benchmark - TOSQAN 101 test

TOSQAN axis - R12 = 0 m - Final equilibrium
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Thermalhydraulic part ðMain conclusions

Å Quite accurate results for depressurization of an 

air-steam mixture by sprays in the open exercise

Å A lot of sensitivity calculations have been 

performed

Å Differences observed on local data in the spray 

zone

Å Efforts should be put on the modelling of droplet 

evaporation /spray structure interaction 

(separate effect studies)
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MARC2B Test ðTest sequence
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MARC2B Test ðMain results

Helium concentration

t=0s and t=600s


