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Spray systems in french PWR

Spray nozzles

SPRAY NOZZLES
LOCATED AT THE TOP OF THE
CONTAINMENT

Réservoir [}

~ 500 nozzles

Flow rate280 kg/s per ramp

AN\ N ' » Temperature20 - 60°C

Enceinte de confinement d’un réacteur a eau sous pression de 900 MWe
@ Bréche
@ Transport vertical
@ Transport horizontal et sédimentation
@ Obturation des filtres Source IRSN
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Spray systemsd main phenomena

products
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O0State of t he art o

Large scale ACode validation

A few information on spray droplets A Mainly lumped parameter codes

A reduced information on gas distribution g,ult:or depressurisation study or aerosol wash-

Experiment NUPEC CSE CVITR

Volume (m”"3) 1300 751 6500

Compartments 25 6

Temperature 182 ) 49
(wall, sump, gas) (23 A liner)

Concentratiijon 029 (elium) s o 14

Other 10 « flow » measurments

Number of nozzles 21 12 4-16

Spray flow-rate (kg/s) 19 3 18-30

AR T RS
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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,

l.e. with more detailed measurements,

especially on droplets
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w Spray effects ondistribution

Degressurisation Gas mixing

‘ SARNET SPRAY BENCHM

TOS;AN 1ﬁ MISTRA MASP

M

TOSOQAN 11BMISTRA MARC2b

TOSQAN 101 MISTRA MARC2b
-
(Heat and mass transfer Momentum exchangD
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1| SARNET Spray benchmark participations

TOSQAN

TOSQAN MISTRA
INSTITUTION| TOSOAN 101 TOSOAN 113
AREVA GASFLOW _ INSTITUTION MASPN MARC2B
CEA TONUSLP - CEA TONUSLP | TONUSCED
EDE NEPTUNE | NEPTUNECFD EZK GASFLOW | GASFLOW
CFD
FZK GASFLOW GRS ASTEC, -
IRSN ASTEC ASTEC COCOSYS
TONUSCFED IRSN ASTEC :
JS| CEX CEX | ASTE ASTE
ASTEC ASTEC S STEC STEC
Univ. Pise FUMO FUMO UV MELCOR -
Contributions | 7 LP, 1 CED | 1 LP, 2 CFD
VEIKI GASFLOW | GASFLOW
Contributions | 5LP, 6 CEFD | 3 LP, 4 CED

11 organisations, 9 different codes, 28 participations

IRSH
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]l TOSQAN facility :
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: 20T 60°C

Circuits

Gas injection (air, hel i um,
Steam injection

Spray nozzle

Gas instrumentation level

Pressure

Gas temperature > 100 thermocouples
Gas velocity, turbulence: -LDV & PIV

Gas concentration: -Spontaneous Raman

A : Spectroscopy (SRS)

Steam injection -Mass spectrometry

before spray activatio

Droplet instrumentation level
Droplet size measurements
Droplet temperature

SUMP, water drained Droplet velocity measurements

IRSH
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MISTRA faC|I|ty (Mitigation -Stratification )

Instrumentation under spray

conditions:
4
@) | \|@ AThermocouples
AMass spectrometry
% Awall condensation mass flow
/ rate at 6 locations
i A 105° P1
0 345° PO
& JE5°P3 jﬁ‘“\;ﬁ o
W | o -
‘) . IE%E#F>.° geee = | N9
3 25°P2 | = s
w o e@e>TBLC: | N7
o
¢ 4 » P N6
} N5
: e N4
Volume: 99.5 m3, TBLC (T —2 ‘ TBLC Zg
Internal diameter: 4.25 m L ; i
Height: 7.38 m No
EERE —

Constant wall temperature
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Description of the tests 24
Test MS: -
Pressurization of the vessel with steam
Tests MASP1 and MASP?2.
A 0A 2100s:
Depressurization by heat and mass losses s
A 2100A 3900 s:
Depressurization by spray activation
Test MASPO:
Depressurization by heat and mass losses

2

18

Pressure (bar)

14

TOSQAN

M5-MASPnN Tests Test sequence 7]

//

~"Stop of steam injectiong: 13H01 \

e ' i /’ﬂ Spray :
13H35 -
i\ 14H05

/

:‘A >
Air Steam steady- state:
10H45 - 13H01

/

|

Time (hh:mm:ss) \\f

04:57 06:09 07:21 08:33 09:45 10:57 12:09 13:21

Description of the calculations : 3 different initial conditions definitions

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

A Part B: 1D initial conditions for gas temperature and steam concentration
taken from the experimental data of the M5 steady -state

A Part C: Initial conditions of the M5 test.

IRSH



condensation mass flow rate on cold

H——#p
A

bottom condenser. Qcbottom(kg/s)

MISTRA

SARNET SPRAY BENCHMARK

TOSQAN

M5-MASPN Test® Main results

MASP2-pressure depressurization
LP and CFD calculations and experimental data

2.5
¢ PE_voiel0658_bar
——P_GRS_ASTEC
2.3 + P_GRS_COCOSYS
— P_JSI_ASTEC
— ——P_CEA_TONUS_LP
S 2.1 ——P_LEI_COCOSYS
o ~—— P_UJV_MELCOR
5 — P_ISRN_CPA_ASTEC
GE)_ 19 —— P_FZK_GASFLOW-CFD
A S I . > e J/.’.m_—.
]
\-———_
1.5
[0} 1000 2000 3000 4000 5000
time(s)
0-61 130
¢ TG540 v0ie10217 °C
x TG520 voiel0215 °C
0 r “loaheen
-540- -GRS-par
1400 /WO/TOEO 5000 6000 \ TG540-COCOSYS-LEI-partA
o _femenss
o . — |
* Qcbottom-exp o | 100 % - TG520 ASTEC, GRS _PARTC
— Qcb_ASTEC_GRS _PartA :é \ —TG540_ASTEC_GRS_PARTC
- - - ©
— Qcb_COCOSYS_LEI_PartA g 90
—Qcb_COCOSYS_GRS_PartA &
2 80
Qcb_MELCOR_UJV_PartA
— Qcb_COCOSYS_LEI_PartB 70
——Qcb (kg/s)_ASTEC_GRS_partC o
time(s] - Qcb_COCOSYS_LEI_PartC o | | | | | | | | |
-500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

time(s)
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TOSQAN 101 Tesd Test sequence

Temperature (°C)

TOSQAN

140 1,8
%\L Constant pressure: 16
final equilibrium reached after ~ 4000 s
-+ 1,4
10N
—~~ LUV
@ j — 1,2
2 =
~ S
Q 8 -1 =2
© . ©
0 = ‘Injected spray mass flow-rate =
% = ‘Injected spray temperature 089
ﬁ - 'Mean gas temperature <
4 — Relative pressure 1 0,60'
= 01
L dunstan i, pamiipeiii e S e R A i j 0’4
20)
/LU J 1 0,2
C I I I I I I O
-600 400 1400 2400 3400 4400 5400

Time (s)



MISTRA SARNET SPRAY BENCHMARK TOSQAN

TOSQAN 101 Tesd Main results

Total Pressure Local variables

B L I N D SARNET Spray Benchmark - TOSQAN 101 test
TOSQAN Spray Benchmark - TEST 101 TOSQAN axis - R12 =0 m - Final equilibrium
0.65
3

Steam
I s ~— concentration

——FZK GASFLOW
0.45 +{ —+FZK GASFLOW - PART B
——JSI CFX case 1

N

Steam Volume Fraction

JSI CFX case 2
0100000 SR —o—JSI CFX - PART B
0.40 —=— VEIKI GASFLOW
= VEIKI GASFLOW - PART B
—+—EDF NEPTUNE - PARTB - r=5cm

Pressure (bar)
[y
)l

l 035 —+— EDF NEPTUNE - PARTB-r=0
—~ GASFLOW (2D) : ‘ ‘ ‘ ‘
~= TONUS-CFD (2D) 0 : 2 3 4 s
=% GOTHIC (2D Height (m) SARNET Spray Benchmark - TOSQAN 101 test
0,5 —+— CPA/ASTEC (0D) [ Z14, final equilibrium
——TONUS-LP (0D) 120
x Experiment ol _ ,/:
0 T T T T T T T T T . ® [] P DAY, L TN
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 G H ‘
OPEN o :
SARNET SPRAY BENCHMARK - TOSQAN 101 Part B - Total pressu T g as g © EXPERIMENTS
_ g - JSI CFX
2.7 £ —— FZK GASFLOW
* IRSN EXPERIMENTS a |RSN CEA TONUS-CFD  [~661
26 ——FZK GASFLOW 1 © —+ VEIKI GASFLOW Lse |
—4FZK GASFLOW - New data —+EDF NEPTUNE
25 —+ VEIK| GASELOW Y A AREVA GASFLOW
_ -o- VEIKI GASFLOW - New daté 08 0.6 0.4 02
E 24 - JS| CFX CASE 1 [l SART!\:jiI' ieray ‘Ben;T;T:rk »ITosqF?E 101 test Radius (m)
E: 2 3 | +‘]S| CFX CASE 2 I 0 Q axis - , Final equilibrium
? ——JSI CFX - New data 2]
85, | ~+ EDF NEPTUNE - New data || . .
[ Q
E N |
21 z 5| © EXPERIMENTS-211004 \‘\ a
E ® EXPERIMENTS - 281004
2 M :_% 10 |RSN CEA TONUS-CFD \‘\. U d ro p I et
g 12 —4- EDF NEPTUNE 3 4 —
g o JSI CFX case 2 i
1.9 T T T T T ® 14 - FZK GASFLOW (Uz_Gas)
S . —e- VEIKI GASFLOW (Uz_Gas)
0 1000 2000 3000 4000 5000 6000 5 16 AREVA GASFLOW (Uz. Gas)
Time (s) 18
20 .

Height (m)
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1| Thermalhydraulic part dMain conclusions

A Quite accurate results for depressurization of an
alr-steam mixture by sprays in the open exercise

A A lot of sensitivity calculations have been
performed

A Differences observed on local data in the spray
zone

A Efforts should be put on the modelling of droplet
evaporation /spray structure interaction
(separate effect studies)
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1| MARC2B Tesb Test sequence

MARC2b Test (july 16th)
HELIUM MOLAR CONCENTRATION on R2 axis (r=951 mm from center)
34
0

32 A A - A
—~ 30
a\ﬂ ©CG120:z=614 mm CG220:z=1160 mm
- KCG320:z=1586mm +CG520:z=2634 mm
g 28 ] ACG920:z=6409mm CCG1020:z=7059 mm
= Injection Level
g2 =i
o
o 24 # P &
S 22
£
2 20 n
2, + + +

16 » » » ¥

14 <>\ T O T <> T T <> T T T T 1

82000 82500 83000 83500 84000 84500 85000 85500 86000 86500 87000 87500
time from helium injection (s)

IRSH
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Helium concentration
t=0s and t=600s




