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High Pressure Subcooled Boiling Test (1)

B Subcooled boiling expected in the NPP
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High Pressure Subcooled Boiling Test (2)

-Pressure :1.5 bar

<SUBO>
-Fluid : water
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High Pressure Subcooled Boiling Test (3)

B Development of multi-sensor optical fiber sensor probe

i
§ §
water air
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High Pressure Subcooled Boiling Test (4)

« Sensor test in the 2 phase natural circulation boiling loop

0.30

0.24 -

o
N
[e]

Void fraction [-]
©
o

0.06 -

0.00

) Max 400 °C

& ]

&-

0

20 40 60 80 100 120
Pressure [bar]

140 16

QOFP signal (V)

Velocity [m/s]

©
w

o
Ao

o
-

0.0

o
~

T T T T T T T 10 T T T T
T CLD-PSD model
_ | £ 4| ®
[
©
L i % 6+
c
L Q- 8 4+
£
O ol i
L 1= 2 &
= =
1 | | L L | I 0 1 L 1 1 I 1 1
0 20 40 60 80 100 120 140 160 O 20 40 60 &80 100 120 140 160

Pressure [bar] Pressure [bar] 4



High Pressure Subcooled Boiling Test (5)

E PHIBO (PNU High Pressure Boiling) test facility

« Max. P & T : 150 bar, 340 °C
« Max G : 5,000 kg/m?s

Dimensions
in mm

1
27 —>

Cross section
of Test Section




High Pressure Subcooled Boiling Test (6)

B Bubble parameter distributions
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Subcooled Boiling in a 4 x 4 Rod Bundle Channel (1)

E 4 x 4 Rod bundle subcooled boiling test
 To investigate the effect of bundle in the low pressure condition

« Experiment apparatus outlet
- Flow channel : 85 x 85 mm »
- Heater diameter = 16 mm, Pitch = 21 mm
- Heated length(Z) = 590 mm ,D,, = 14.01 mm lo
;
« Measurement
- The local data was measured with 4—sensor OFP
- Measuring location : Z/D,, =41.4, number of measurement points : 466 o
P/D=1.31 ]
16mm -8
-
2 :
o
o
;7 T
£ " .
A / I .
& 5 ) i
g .)®—F_
2, a
85mm
. q'= 143.4 kW/m? .
<Cross-section of channel> <4-sensor OFP> G = 2495 kg/m?s <Test section> 7



Subcooled Boiling in a 4 x 4 Rod Bundle Channel (2)

E Bubble parameter distributions
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J.Y. Bak et al.,, /nternational Communications in Heat and Mass Transfer (2023)
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Subcooled Boiling in a 4 x 4 Rod Bundle Channel (3)

16mm 21

Z
7

Z

B CFD benchmark calculation

« Development of optimized wall boiling and bubble size models
« Code : STAR-CCM+
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Subcooled Boiling in a 4 x 4 Rod Bundle Channel 4
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Boiling in an Inclined Downward
Wall-heated Rectangular Channel (1)

B Background : EU-APR1400 adopts core catcher.

B Research Goal

« Experimental study of flow boiling in an inclined
rectangular channel with downward wall heating

B Test Section

* 40 mm x 40 mm x 3.6 m rectangular channel with 2.8 m
downward facing-heated wall

« 10° inclination from horizontal plane

— “ ‘7. B &=
| i oW f
i e, e
P

BT
i

Inclinable Boiling Channel "‘

A\

<Concept of core catcher> <Test facility>
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Boiling in an Inclined Downward
Wall-heated Rectangular Channel (2

B Experimental Results

Heating section

ecﬁoﬂ

Flow dif
(1,820 mim)

" 4s-OFP
4S-OFP ;' (Lheated/Dh- 38. 0)

4S-OFP (Lhealed/Dh_ 22 8 '

(Lneated/Dn=

7.7) % ﬁr‘
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High-speed light
camera
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<Axial location for measurement>

High-speed
camera

(Lheated/Dh = 40 8)

Bottom view

Side view

<Movie from experiments>

<Mass flux=153 kg/m?s, T,

inlet

=90 °C, q"=97 kW/m?>
J. M. Moon et al., Applied Thermal Engineering (202
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Boiling in an Inclined Downward
Wall-heated Rectangular Channel (3)

2 mm

w

® : Measurement points

. 1
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.

* Local bubble parameter distributions elow directio” o
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Droplet Parameters for LBLOCA Reflood Phase (1)

B Background

« Droplet flow affects significantly the cooling of fuel rod and water level in the core
under the LBLOCA.

B Research Goal

« Establishment of experimental database and modeling of droplet parameters.

Gas Interfacial wave

==« Steam Flow S b 1400 . . . . .
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D let . % o . f-... o ks Lol T
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.. ... E
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o B = B .
. d E
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< Droplet flow during LBLOCA reflood phase>



Droplet Parameters for LBLOCA Reflood Phase (2)

g, (s

B Optical Fiber Sensor for Local Droplet Parameters
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Droplet Parameters in a Vertical Pipe (1)

E Droplet Flow in Air-water Vertical Pipe

« Test section and experimental conditions

Inlet diameter : 19.05 mm
Channel length : 3.9 m (204.7D)
Flow pattern : annular-mist flow

DN NI NN

Pressure : 1bar

10 1
Finely dispersed 1

J(/s)

0.1 L )

0.01 Lo o —

1 10 100

Exp. range min max
ji (m/s) 0.02 0.05
je (M/s) 20 40

< Experimental conditions> < Experimental apparatus > <Measurement section>
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Droplet Parameters in a Vertical Pipe (2)

 Experimental results
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Droplet Parameters in a Rod Bundle Channel (1)

E Droplet parameters in the intact and deformed 2 x 2 rod bundle channel

» Atmospheric air-water annular-mist flow conditions

* Intact and deformed bundles

65 mm

45 mm

] 22.5mm |

a2 T

Slope length

Blockage length

Inclination ! |
angle i’ g

Slope length

K. Khasawneh et al., /nternational Journal Heat and Mass Transfer (2022), Int. J. Multiphase Flow (2023)
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Droplet Parameters in a Rod Bundle Channel (2)

e Results for deformed bundle
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Droplet Parameters in a Horizontal Pipe (1)

E Experiment for Droplet Parameters in the Horizontal Pipe

« Experimental apparatus bl @ i s
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Droplet Parameters in a Horizontal Pipe (2)

R

v Flow condition : jt=0.022 m/s, j;=28.0 m/s
v Contours for droplet parameters at L/D=105.0

R

9.100E-04
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Summary and Conclusions

Local optical fiber instrumentations were developed for the measurement
of bubble and droplet parameters in the wide range of flow and pressure
conditions.

Local bubble parameters were obtained in the subcooled boiling tests
such as the high pressure annulus, 4x4 rod bundle and downward wall
heated inclined channels.

Local droplet parameters were produced from the air-water vertical and
horizontal tubes and also 2x2 intact and deformed rectangular channels
for the LBLOCA reflood phase.

The established experimental database can be used for the benchmark of
CFD codes and development of models and correlations for them.
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