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troduction

“* Research reactor
> Small core, low pressure, low temperature, immersed in pool
> Various core design & configuration -
> Every single research reactor design is different H
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troduction

“* Research reactor
> Various types of fuel

36-Element Bundle 18-Element Bundle

Grapple Head

76.2mm
—Grapple Head Lock

Upper Endplate

~—Fuel Element

Spacer Plate

Cenfral Support Rod

_~Lower Endplate

HANARO 36 rod & 18 rod assembly
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Plate fuel assembly

Follower fuel assembly
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FRM-II fuel assembly
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“* Why we do this
» Backgrounds
v" TH correlations based on old data
v" Regulatory body's requirement
v" Position in research reactor(RR) field
» Our status & expectation
v" Become one of RR provider
v" Need to expand our knowledge bases on RR design
= Acquire our own design data/knowledge
= More accurate & reliable data to confirm our design safety margin
= Expand our capability to design higher power RR
v" Build up & establish our knowledge & experience
v" Establish & enhance our position as a RR provider
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hat iIs T-REX

% Test facility for Research reactor thermal—hydraulic EXperiment
» Thermal hydraulic experiment/test facility for research reactor
> Obijective
v" Thermal-hydraulic experiment/test focusing on the specific research reactor conditions
v" Study on thermal-hydraulic phenomena such as ONB, OFI & CHF which are major
parameters related to reactor design and safety
v KAERI own experiment/test data to prove & improve the safety of research reactor
> Current applications
v" A vertical narrow rectangular channel
= Single—phase pressure drop
= Single phase heat transfer
= CHF & ONB test
v" Natural convection study
= A horizontal narrow rectangular channel
= A vertical small rod bundle




hat is T-REX

: Facility specifications

Parameters Single Channel test Fuel Assembly test
Mass flow rate Max. ~2 kg/s Max. ~30 kg/s
Channel velocity Max. 15* m/s (single-phase flow) ~ 8.5* m/s
Flow direction Up / Down
Pressure Max. 10 bar
Electric Power 1.5 MW

DC rectifier Max. 45V, 18,000A
Heat flux* Max. 7.0 MW/m? (uniform)
High flux CHF test for various type channel Hydraulic test for a fuel assembly
PUIDOSE - arectangular channel - a plate type fuel assembly
P - acircular tube & non-circular tube - arod type(ex HANARO fuel)
- an annular tube - various types of fuel assembly

* Assuming test-section geometry : W,=62 mm, S=2.35 mm, L=600 mm

** JRTR/KJRR fuel assembly

Parameter Measurement device Measurement error

Mass flow rate Micromotion CMF100 0.05%~0.25% of Reading

Fluid temperature T/C 1.1K (T/C)

Wall temperature T/C, Pyrometer 1% of reading (Pyrometer)

Pressure Rosemount 3051S 0.11% of FS

Voltage DAQ device 0.07% of reading + 0.005% of range
Current Shunt & DAQ device 1% of FS
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hat is T-REX : Major components
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—REX : Performance
“» Comparison to other facility

10 m/s 18 m/s 15 m/s (21 m/s¥)
mm, $=2.35 mm) (W=53.6mm, S=1.6mm) (W=66.6 mm, S=2.35 mm)

Flow velocity g6 6

Flow rate ~ ~ ~
Rl 1.5 kg/s 2.0 kg/s 2.4 kg/s
7.0 MW/m?2
5.3 MW/m?2 7.5 MW/m?2
Heat flux _ ! _ _ (~ 9.0 MW/m?2¥)
(W;=62 mm, L=600 mm)  (W;=47.2 mm, L=600 mm) (W,=62 mm, L=600 mm)
Total power 640 kW 600 kW 810 kW
Pressure 0.15~1 MPa 0.2~0.9MPa 0.15~1 MPa

* Assuming SULTAN-JHR condition I



ectangular channel experiment

% Test—section design

Outer insulation
Inner insulation

-+ Busbar

Heater

- Inner insulation

-- Outer insulation
Pyrometer .-

... Flow channel (temperature meg

=

High-heating section
 Low-heating section

Cross—section view test section

Side view
Inlet/Qutlet TC =3 i E:i
o (after mixing) [ 5 [ L
:;2 Inlet/Outlet TC T4 | q :D Parameter Value
(before mixing) =1 Inlet/Qutlet PT -
-- B = Channel width (mm)  24.6 ~ 66.6
1 ! i ) Plate heater cu::m
I - ' (6664235 Heated width (mm) 20 ~ 62
Bakelite o 4 =
Insulation o . aE
o S wallTs) L C-shaped Edge Gap (mm) 2.35
I ] ﬂ D Length (mm) 600
Inlet/Outlet TC & 4 | Infet/Outlet PT - |$ Lower Plenum I . ) STS43O (h'g h)
(before mixing) [ k Air vent Heatlng mate”al STS41 O (hlgh)
(e i) , j_] STS304 (low)
<Front View:> <Side View=> <A-A Cross Section>

Details of narrow rectangular test section




ectangular channel experiment
“* Measurement method

> Optical sensor : wall temperature measurement

» Power increase method

Wall temperature (°C)

v" Troubles of T/C measurement

= Dependency on installation skill

= Measurement error by Joule heating

» Low response spe
v Pyrometer

* No dependency on installation skill

ed

* High response speed

v" Continuous increase

= Single—phase pressure drop

Pyrometer 1
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ectangular channel experiment : horizontal

“* A horizontal narrow rectangular channel

> Considering a virtual condition
v" Simulate a fuel assembly lying on the bottom of pool
v" Decay heat of fuel plate is removed by natural convection
v" Restrictive cooling condition

> Studying heat transfer characteristics
v" Cooling limits without CHF
v" Occurrence of CHF
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ectangular channel experiment : horizontal
“ Experimental apparatus

Design of experimental apparatus

Test section

Test section




all vertical rod bundle

“ Low power reactor for education & basic research

> ~ 50 kW cooled by natural circulation of pool water

> For education & basic research of developing country that want to get nuclear
technology

> Small core using vertical rod fuel

> Need to thermal-hydraulic experiment
v Finding the cooling capacity by natural convection =) design data
v" Checking coolability of the conceptual design
v" Finding design improve for thermal margin

> Design experiment apparatus
v" Real scale and real geometry

. . e Coolant Flow

v" Simulating real condition tot

Core
Box
Fuel Rod——

Lower ;
Reflector ™~
Grid
Plate

e

[ _ ]

Conceptual design Coolant path by natural conve
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all vertical rod bundle

“+ Design of experimental apparatus

> Effect of geometry
v" Flow path resistance of support structure
v" Design check by CFD analysis

Freeslip wall Opening inlet

(unit: mm) (unit: mm)

08

4 <Cross-section view> Y 4 <Cross-section view>

Grid plate hole

Model grid plate
2,550,361 nodes
12,160,101 elements

Original grid plate
7,473,095 nodes

30,576,683 elements
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- Cross’cut view

Cross-cut view




all vertical rod bundle

“+ Design of experimental apparatus

> Water pool & cooling system
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Conceptual design of experimental apparatus

T.C.: 60 EA
(wall)

MAIN-02-02

Up to 50 kW

CcT
(3-phase)

Power
meter

Design of cooling line

Volt.
(3-phase)
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- 25 (polycarbonate)

- 9 (S9)

Detail design of water pool




all vertical rod bundle

Pre—test : exciting power

Cooling system




ture Plans

“* Vertical rectangular channel
> CHF

v" Carry out experiment at up—flow & higher velocity
= Acquiring & build—up experiment data
= Comparing to existing correlations —) improving them —) new correlation
v Enhance T-REX performance & capacity
v" Develop & improve the experiment/test technology
> Single / two—phase pressure drop & heat transfer
v" Carry out experiment
= Acquiring & build—-up experiment data
= Comparing to existing correlations —) improving them —) new correlation

< Natural convection experiment

» Horizontal rectangular channel
v Experiment
= Effect of inclined channel
= Occurrence of CHF
> Small vertical rod bundle
v Experiment
= Natural convection cooling capacity by power

» Effect of local rod boundary condition
= Full core condition
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