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Experimental Study on the Film Spreading Width of ECC Water in the Downcomer
with DVI under Late Reflood Phase of LBLOCA
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Abstract
ECC (Emergeny Core Cooling) water spreading width is experimentally studied for alocal scaling analysis
of DVI(Direct Vessal Injection) nozzle under the reflood phase of LBLOCA (Large Break Loss of Coolant
Accident) in KNGR downcomer geometry. For this, the spreading width of falling film on the outer wall of the
core barrel is measured in the 1/5, 1/7 scaled and full (1/1) scale test facilities. The width of water film is
obtained changing the diameter of the DVI nozzle for a given ECC water injection flow rate in the small scale
test facility. The shape of falling film of ECC water and hydraulic phenomena are observed and the spreading
width are measured by visual observations. From these, the scale and curvature effects on the spreading width of
ECC water are analyzed. Using them, the diameters of DVI nozzle in the 1/7 scaled air-water and 1/5 scaled

steam-water test facilities are determined to preserve the water film width.
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Parameter Linear Scaling Modified Linear Scaling
Length Ratio, [, I Ip
Area Ratio, a, I3 I3
Volume Ratio, 7, I3 I3
Time Ratio, 7, Ig 1y
Velocity Ratio, U, 1 I7?
Flow Rate Ratio, #, Iz 132
Pressure Drop Ratio, Dp, - Ig
Gravity Ratio, g, It 1
Pressure Ratio, p, 1 1
Temperature Ratio, 7, 1 1
Void Ratio, a , 1 1
Slip Ratio, S, 1 1
Aspect Ratio,/, / D, 1 1
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Authors Parameter
DVI Nozzle Size 0.05, 0.075, 0.100, 0.125 P .
’ ’ ’ ' Impinging Wall: Flat plate
D.H. Hwang (m) 0.200(1/1.08) B ; g P
[7] Injection _ . :
Velocity (m/s) 1.51~2.66 Film Thickness
DVANozé'e IS'ZG 1/4.66, 1/9.52, 1/23.0, 1/51.68
TS K ( Ire_a cale) Impinging Wall: Flat plate
-S. Kwon hjection 1.0~2.5 Blowing
etal. 8] Velocity (m/s) Attachment Ratio
Gap 1/4.66, 1/9.52, 1/23.0, 1/51.68
(Area Scale)
SH. vun DVI N(zrznz)le Size 0.0125
e.t ail [9] Imection Impinging Wall: Flat plate
' ) 0.42~1.24
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1.3m/s
(liquid film break-up)

0.6m
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Parameter

1/7 Test Section

1/5 Test Section

1/1 Test
Section

Downcomer

Barrel Diameter

0.582 m (1/7.07)

0.835 m (1/4.9)

4.115 m (1/1)

Downcomer
Barrel Height 3.0 m (1/1) 3.0m (1/1) 3.0 m (1/1)
Gap Size 0.0306 m (1/7.07) 0.052 m (1/4.9) 0.254 m (1/)
DVI DVI
Dge=0.0306 m (1/7.07) Dge=0.0526 m (1/4.9)
D,=0.0372m (1.20* Dg.) D,=0.0526m (1.20* Dg.;) 0.2159 m
DVI Nozzle D,=0.0306m (L.00*Dg,) | D,=0.0438m (1.00*Dg.,) (1/1)
D,=0.0264m (0.85* Dg) D,=0.0372m (0.85* D)
D,=0.0233m (0.75* Dgy) D,=0.0329m (0.75* Dey)
D=0.0186m (0.60* D) D;=0.0263m (0.60* Dgs)
Parameter 1/7, 1/5 Test Section 1/1 Test Section
Water Injection Type Turbine Flow Meter Type Mass Probar
Velocity (m/s) Uncertainty 0.5% Uncertainty 1.5%
Water Type Pt-100 WRTD Type Pt-100 WRTD
Temperature (°C) Uncertainty 0.5°C Uncertainty 0.5°C
Film Spreading Type Video Recording Type Video Recording
Width (m) Uncertainty 5.5% Uncertainty 10%
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UPTF Test 21-D
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S. DVI

Parameter KNGR 1/4.9 Scale 1/7.07 Scale
ECC Mass Flow
Rate (kg/s) 80 3.29 151 16 0.602
Diameter (m) 0.2159 0.0438 0.0438 0.0306 0.0306
ECC Injection
Velocity (m/s) 2.21 221 1.01 221 0.83

Modified DVI | ECC Injection | Modified DVI | ECC Injection
Diameter (m) | Velocity (m/s) | Diameter (m) | Velocity (m/s)

y D,=0.0526 0.70 D,=0.0372 0.56
Test Conditions D,=0.0438 1.01 D,=0.0306 0.83
D.=0.0372 140 D.=0.0264 111
D,=0.0329 179 D,=0.0233 143
D.=0.0263 2.80 D.=0.0186 225
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—4A—D5, v=2.255 m/s —=&—D5, v=2.804 m/s 0.2 ovi
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,,/I\I m v=0.811m/s
0.1+ 2

(a) 1/7 Scale Downcomer (b) 1/5 Scale Downcomer (c) Predicted Liquid Film Width

9. , DVI




KNGR 17, 15 vl

- 1/1
jet
DVI . ur o -
s - DVI
Reference
(1] , (I) - NSSS R&D (Vol. 7.1)",
1999.

[2] H.R. Choi et d., “ Large Break LOCA Analysis for KNGR using R5V 322Beta’, The 12th CAMP Working
Group Meeting, 1999.

[3] H.K.Cho et al., "Experimental Observation on the Hydraulic Phenomena in the KNGR Downcomer during
LBLOCA Reflood Phase", KNS Spring Meeting, Korea Nuclear Society, 2000.

[4] B.J.Yun et a., “ Air/Water Test on DVI ECC Direct Bypass during LBLOCA Reflood Phase: UPTF Test 21-
D Counterpart Test*, KNS Autumn Meeting, Korea Nuclear Society, 2000.

[5] B.JYun et al., “Air/Water Test on Direct ECC Bypass during LBLOCA Reflood Phase of KNGR “, KNS
Autumn Meeting, Korea Nuclear Society, 2000.

[6] B.J. Yun et al., “ Scaling Analysis of the KNGR DVI Test Facility”, 53121-DVI-FS0-DA001, Rev. 01, DS-3,
KAERI, 2000.

[7] H.D. Hwang, “ Air-Water Mixing Experiments for Direct Vessel Injection of KNGR”, Master Thesis, KAIST,



2000.

[8] T.S. Kwon et a., “ECC Water Spreading Width for Flat Plate”, KNS Autumn Meeting, Korea Nuclear
Saciety, 2000.

[9] SH. Yun et d., “Analysis of Direct Vessel Injection Impingement Flow”, KNS Autumn Meeting, Korea
Nuclear Society, 2000.

[10] C.Cornaro et d., “Flow Visualization of a Round Jet Impinging on Cylindrical Surface”, Experimental
Thermal and Fluid Science (20), 66-78, 1999



	분과별 논제 및 발표자

