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Code validation

(1) LP*

(~101 CVs)

(2) CFD**

(~104 cells)

Experimental DB
(SPARC, PANDA, THAI)

Steam

-H2

Turbulent mixing

Air

Jet/plume

Complex phenomena

in containment

Experiment in

large scale vessel

Dome 21,998 m3 60~100 m3

Air He

*Uncertainty, **Calculation load

HSB model
(Hydrogen Stratification Breakup)

∆𝑍

𝑍0
= 1.6 𝐹𝑟0

0.8 𝛿1.1 τ0.4

Dimensional analysis

∆𝑧

𝑧0
= 𝑓 𝐹𝑟0, 𝛿, 𝜏
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He-air stratification 

ui

Mixing by

impinging jet

𝐹𝑟0 =
𝑈0
2𝜌𝑗

∆𝜌𝑔𝑧0

𝐹𝑟0,3 =
𝐶𝑠𝑐 𝑈0

2𝜌𝑗 + ∆𝜌𝑗𝑔𝑑𝑗

∆𝜌𝑔𝑧0
𝐶𝑠𝑐 =

𝑇𝑎
𝑇𝑗,0

y =
𝐴1 − 𝐴2

1 + 𝑒 Τ𝑥−𝑥0 𝑑𝑥
+ 𝐴2

Sigmoidal curve fitting

He concentration

distribution

measured 

in vol.%(z, t)

Air jet

Steam jet

DB expansion → THAI(steam jet impinging stratification)

Steam vs. air
modified for buoyancy and

condensation* of steam

*Correction factor of

density reduction 

Δz(t) = 99.8% of

atm. densityz

Free jet
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Initial stratified region

(z0, ρs)

19.2 m

15 m
Dome 21,998 m3

43.8 m D

Nozzle(0.5 m d)Steam generator

Compartment

z

H2O-H2H2O-H2

Cold leg

Containment SPARC PANDA THAI

1
∆𝑧

𝑧0
0~0.45

0~3.28(SM13)

0~2.93(SM17)

0~2.00(E20)

0~2.21(E23)
0~3.98

2 𝛿 =
𝑑

𝐷
0.0114 0.0294 0.0187 0.043

3 𝐹𝑟0,3
3.31

(Csc = 0.89)

1.85(SM13)

3.02(SM17)

1.52(E20)

2.92(E23)

4.5

(Csc = 0.82)

4 𝜏 =
𝑈0𝑡

𝑧0
0~889

0~15,232(SM13)

0~9,036(SM17)

0~35,071(E20)

0~13,763(E23)
0~2,637

21.9 m

SBLOCA
(0.05 m d)

Initial jet flow

(U0, ρj, Tj)

Atm(ρa, Ta)



Plume-like

region

z0 = 23.5 m

z = 28.9 m

𝐶𝑝
𝐶0

= 6.1841 𝐹𝑟0
Τ2 3

𝑑

𝑧 − 𝑧0

Τ5 3

4.8 m = 5𝑑 ∙ 𝐹𝑟0

1
0

.7
 m

Decay rate of concentration

Nozzle(0.5 m d)

MELCOR calculation*

Steam

H2
Mole fraction

in cold leg

Steam

H2

Mass flow rate

through small break

H
2

St
ea
m

Flow velocity

through small break

∆𝑍

𝑍0
= 1.6 𝐹𝑟0

0.8 𝛿1.1 τ0.4

Δz = 10.7 m

(8,600 s)

HSB model

Δz

8,600 s

8,600 s
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z



Uncertainty of stratification

H2O-H2

z0 = 6.0 m

Plume-like

region

MELCOR calculation

Plume correlation

Nozzle(0.5 m d)

Dome MELCOR

MAAP

MELCOR vs. MAAP

(1) Initial stratified region

(H2-Steam-Air)

Air

MELCOR
MAAP

Steam 18.7%

H2 3.2%
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Well mixed H2 in dome
(DP 6.0~34.2 m, MELCOR)

H2 decay with z
(DP 23.5~34.2 m, Plume)

z

D
ep

th
(D

P
)



Uncertainty of plume behavior

VelocityConcentration

Uj(z)

Up(z)

Cj(z)

Cp(z)

rjv

z0

rpc(z)

z

Jet-like

region

(lm < 0.5)

Plume-like

region

(lm > 5)

U0C0, ρ0

SjvSjc

SpvSpc

Nozzle(d)

(2) Condensation

(H2-Steam-Air)

(3) Confinement effect

(Plume Cp, Up)
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Correction factor(THAI)

= 1(No condensation)𝐶𝑠𝑐 =
𝑇𝑎
𝑇𝑗,0

4%

Free jet(Infinite environment vs. SPARC vessel)

= 0.89



Conclusion and future work

2018(1st year) Experimental database of stratified H2 mixing by jet(1)

2019(2nd year)

2020(3rd year)

DB expansion → Modified Froude number

Apply HSB model to SBLOCA in OPR1000
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“Development of dimensional analysis for hydrogen behavior in containment 

under severe accident”

Dimensional analysis(2) →
∆𝑧

𝑧0
= 𝑓 𝐹𝑟0, 𝛿, 𝜏

H2 Stratification Breakup model →
∆𝑍

𝑍0
= 1.6 𝐹𝑟0

0.8 𝛿1.1 τ0.4

(1) H2 stratified in dome, (2) Steam condensation

(3) Confinement effect → Validation exp. required

Uncertainty


