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ABSTRACT

This study presents the design and preliminary verification of URILO-II, an experimental facility developed for integral effect
test of nuclear safety technologies, while also providing a platform for thermal-hydraulic training through experimentation and
observation. URILO-II was modeled on the OPR1000 power plant, the most commonly operated in Korea, scaled down to 1/8
height and 1/10 diameter. The refrigerant R134a was utilized to simulate two-phase flow of OPR1000 under 26.5 bar pressure.
Scaling analysis indicated that similarity for the two-phase flow was secured, but distortion in single-phase flow heat transfer
and temperature distribution was identified due to the refrigerant’s low single-phase heat transfer rate. Adjustments in power
or flow rate were deemed necessary for accurate accident simulations. To check scaling design values, Comparative and CFD
analyses were conducted, with resulted in an 8.5 % lower pressure drop. Further research will extend preliminary verification

through system code analysis.
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Table 1 Dimensionless numbers for single—phase flow”

Parameter Equation
Length ratio lin
Area ratio ap
Voulme ratio Lirtin

Time ratio No. = ((l(,/u(,)/(t?/as))l
Q, = (a.l,/p,Cu,AT,),

R=gBATI, Ju?

Heat source No.

Richardson No.

Biot No. = (h,(S/ ks)j
Stanton No. St; = (4hl,/ Pfc;f“od),;
Friction No. = (fl/d+ K),
Pump characteristic No. F, = gAH,/u?

Table 2 Dimensionless numbers for two—phase flow”

Parameter Equation
Phase change No. Noen = <4q051 [du,pji /.y)(pf!]/ 2,)
Subcooling No. N, = (Ai,/ i/g)(pfg/ /’g)
Froude No. Ny, = <u2/ gl,a )(Pf/ Pry)
Drift-flux No. Ny ( ol )
Time ratio No. ( L/u,) (" /a, ))1
Thermal inertia No. Nyi = (o, ]796/ Pr p/d),
i _ fl) _A+alpn/e) (i)
Friction No. Ny ( 4 )| 0+ 2Au/u)® |\a
Orifice No. N, K[1+:U“/2(pfq/pq)]( )
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Fig. 1 Schematic overall design of URILO-II
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Fig. 2 Schematic design of primary system and safety
injection system of URILO-II
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Table 3 Scaled design operating conditions of URILO-II
compared to OPR1000
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Table 4 Scale analysis results for single—phase flow
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Ideal Actual Distortion
Parameter OPR1000 | URILO-II Ratio Parameter Ratio Ratio N
P) () (M/P) (M/P) (M/P)

E=AEH(100 %), MW 2815.0 1.70 1/1654 Zlo]H]| 1.0 1.0 1.0
EAEH((10 %), MW 281.5 0.17 1/1654 S& WA Y| 1.0 1.0 1.0
AA 4=, bar 1724 35.0 1/4.93 Time ratio No. 1.0 1.6 0.64
=3 ¢, bar 155.14 26.5 1/5.85 Heat source No. 1.0 13 0.77
AA ex, C 3433 100 1/3.43 Richardson No. 1.0 1.0 1.0
LA 9 ex C 296.0 61.0 1/4.85 HTC Ratio (Z7 0.049 1/23.3 0.88
A 23 2w C 3273 75.0 1/4.36 HTC Ratio (\W3) 0.074 1/13.7 0.99
A Q) diEhy], kikg 1316.2 288.4 1/4.56 Biot No. (& 0.017 1/54.8 1.05
A & gy, kikg 1497.3 312.6 1/4.79 Biot No. (45) 0.026 1/31.1 1.23
LA Q)& exxl C 313 14.0 1/2.24 Stanton No. (5% 0.019 1/70.9 0.74
EAIQT U] EZSE, kikg 3144 34.5 1/9.11 Stanton No. (\15) 0.029 1/40.3 0.87
A% 5 (100 %), ke/s 15,332.5 70.5 1/195.8 Friction No. 1.0 1.0 1.0
AZ S (10 %), ke/s 1,533.2 7.05 1/195.8 Pump characteristic No. 1.0 1.0 1.0

A WA G4 mis 4,791 1.568 1/3.05 ‘M: Model (URILO-II), P: Prototype (OPR1000)

Table 5 Scale analysis results for two—phase flow

Ideal Actual Distortion
Parameter Ratio Ratio Al
(M/P) (PM)

Phase change No. 1.11 1.08 0.83
Subcooling No. 1.0 0.98 1.02
Drift Flux No. 1.02 0.98 1.00

Froude No. 1.02 0.98 1.00

Exit quality ratio 0.95 1.10 1.00

Void fraction ratio 1.0 1.03 0.97

Thermal inertia No. 1.09 0.81 1.13
Time ratio No. 1.0 1.6 0.64

Orifice No. 1.0 1.00 1.00
Friction No. 1.0 1.00 1.00
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Table 6 Boundary Conditions and mesh information

Domain Parameter Value
Cold leg nozzle inlet | Mass flow rate | 17.625 kg/s, 61 C
Hot leg nozzle outlet | Pressure outlet 2.65 MPa
Core heater Rod Power 10.89 kW
RPV
Wall roughness Roughness 40 um
Fluid domain 3,335,510
Mesh
Solid domain 2,200,020
Inter. leg nozzle outlet | Pressure outlet 2.61 MPa
Hot leg nozzle inlet | Mass flowrate | 35.25 kg/s, 75 C
U-Tube outer surface Heat flux -37.604 kW/m2
SG
Wall roughness Roughness 40 pum
Fluid domain 1,938,315
Mesh
Solid domain 4,681,476
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normal operating conditions (100 % thermal power)
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