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Two-fluid model with IATE
-———

Two-fluid Model:

a(akpk)
ot
a(akpkvk)
ot
a(05|<,0khk)
ot

T V-(0‘|<,01<Vk ) =1

+V. (ot PV ) =~ VP, + V'|:ak (Z + 7y )J + a9 + Vil + My,

D — .
+V.(apviche ) =—py F::ak + V'|:ak (qk + O )} +80 + 4+l

P(xp) 4 . ..
' I, = a; X Mean Interfacial Driving Flux

I
At2 p Atl2

1 Department of Nuclear, Plasma, and Radiological Engineering, University of Illinois 2




Challenges in 1-D codes
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Nuclear system codes ‘built’ for high pressure, high flow
Fullmer et al., PNE, 2016

Large error in void fraction under low pressure, low flow
Passive safety systems
Natural circulation

0.7 0.7
6 0.6 0.6
5 g_ 0.5 % g 0.5 i
4 S 0.4 ! S04
5 5 t E
: £03 £03
2 802 ‘ g 02
> >
1 0.1 0.1
0 . . . 0 2 0 . au
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Non-Dim. Axial Position, z/D, [-] Non-Dim. Axial Position, /D, [-] Non-Dim. Axial Position, z/D, [-]

Department of Nuclear, Plasma, and Radiological Engineering, University of Illinois

S|

(Wwog~) o
pajeay-un |

SIZ

palesH




Challenges in multi-D codes

* Phase distribution — Interfacial forces
Sharma et al., NED, 2017
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Exeerimental Caeabilitx: Heated annulus
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Facility Specifications

Geometry Vertical internally-heated annulus
Channel Length 5.03m

Heated length 3m

Annular gap 3.81cm (D), 1.91 cm (D;)
Pressure (gauge) 0~1MPa

Heat Flux 0 - 300 kW/m?

Velocity 0~5m/s
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Experimental Capability: Heated annulus
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Experimental domain

» Model development and benchmark

» Subcooled

* Condensation
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» System code validation: DOE- NEUP: Natural circulation
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Validation approach- NEUP

Technical Reviewers
L. Zou (INL)

: B.M. Golchert (WH -
Experimental olehert (WH) Computational
Lead: C.S. Brooks (UIUC) Lead: T. Kozlowski (UIUC)
Facility modification « T > Generate code input
Single-phase forced convection Inst. location Forced convection simulation
« Component frictional losses <— Inst. uncertainty ——>
» Heat loss characterization Post processing

A Natural circulation
data acquisition

Natural circulation
4—

S
Comparison simulation

}

Uncertainty quantification
* Forward
* Inverse
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tiphase Thermo-fluid ics Lal

Safety Relief Valve [
e
Geometry Vertical rectangular
f channel
Channel Dimensions 99.8cm x 1.27 cm x 1.27
Safety Relief Valve cm (variable)
Heated Surface 10.8 cm x 1.27 cm
Pressure (gauge) -0.08 ~ 1 MPa
Heat Flux 0~ 2 MW/m?
iy 1500
}T*Emzmg \
T \ CHF |
Pump % 1000 - CHE ;
. Critical heat flux measurement o
. Wall nucleation measurement Z CHF -
. Effect of gap thickness on boiling heat transfer E S00 ¢
. Sub-atmospheric boiling o AT, 0C
. High speed imaging, pressure, temperature. Zﬂ:‘;:f;fc
- Boiling surface engineering (coatings, laser- % s o a x  w = w0

texturing, wettability patterning, etc.) Wall Superheat, AT [CI
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