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Overview

s COOLBUNT Study

m [arget Layout

= Highlights on computational support
= Experiments

m Data analysis and post-processing
m Diagnostics (SINQ, EURISOL,...)
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The Coolability of the
Rod-Bundle Target for SINQ
and/or ESS (COOLBUNT)

Objectives Procedure Results

Thermal-hydraulic Studies to evaluate and identify reliable
operational conditions

Integral calculations

i i to demonstrate reliable cooling
Analytical calculations

to demonstrate structural integrity

Numerical Calculations 4\

to establish procedure for
best-estimate safety margins
on target coolability and
structural integrity

Thermal-hydraulic Experiments

2D rod-bundle hydraulic tests

Flow field to identify optimum design of
Testing sensors the rod-bundle configuration for
high power ESS target

Calibration procedures
Testing measurement procedures

Investigation of various inlet and
bond it
Y

CoNuBo: 2D/3D rod-bundle
thermal-hydraulic and structural |
tests

Analysis of Operational Data

High-power experiments at SINQ




What is important to define before
talking about coolabilty and

structural integrity?
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MEGAPIE Peak Power
980 W/cm”3

Peak Power
Ca. 7200 W/ecm”3

EURISOL

Peak Power
Ca. 480 (640) W/cm”3
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SINQ ROD BUNDLE TARGET 9

L=428 mm

Water Flow(Inlet)
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Window Cooling
(water flow)
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Proton Beam

Rods filled with lead
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How is the target cooled?

fluchtend versetzt
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Bild 2. Quer- und Langsteilungsverhiiltnis bei Rohrbiindeln

h=43300 W/m2/K

Warmeatlas
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SIMULATIONS
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CFD MODELS
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Under development

Preliminary studies




EXPERIMENTS
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CoNuBo 0

6/2Q10 10:07
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CoNuBo 1&2

- A window for
bubles
observation

surface

Observation with
IR camera

=

I

Temperature;7000 W/m"2K;1 kW
1827.02

1680.22
1533.42
1386.63
1239.83
1093.03
946.23
799.44
652.64
505.84
359.05

Boiling: p=3 bar; T=406 K=133.54 C
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CONUBO 1.0 to CoNuBo 1.1 Ongoing Analysis

Mean value of calculated temperature from IR measurements over small area where thermocouple is placed and thermocouple measurements
52
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Cavitation? Why not!??

LTI Acceleration sensor 2, V.

Bl Acoustic emission, ¥

T
1
Time ['54]

Name
] Acceleration sensor 1,
L1 Acceleration sensor 2, .
:Acoustic emission, ¥

Mame
Bl Acceleration sensor 1, ¥
L. Acceleration sensor 2, ¥
:Acoustic emission, Y

|
109.6
Time [s]
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LIMETS
CONUBO 3.0

26/2/2010 17:02




ONLINE EXPERIMENTS

DURING OPERATION AT
HIGH POWERS
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pe "Acce@ratlon
s,pnsor No.2

Acceleratlon 3
sensor 'Ho 1
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SINQ Experiments T8

Target 8; 18.10-25.10.2009 —=— Thermocouple 5
—=— Thermocouple 6
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2200 -
2000 3
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CTOO07, Row 24, Experimental data
CTOO08, Row 34, Experimental data

CFX, h=20000 W/m'/K. T, =50 °C
CFX, h=20000 W/m“/K, T, =40 °C L8
CFX, h=20000 Wim*/K, T_ =43°C @ £
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SINQ Experiments T9
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Matches the
calculations done
with 2D CFX model
UCN (8s)-SINQ (800s)

1
1.3:43:00 13:43:10
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SINQ Experiments T10
Suggestion on Table




Results Lead-Zr: Single Rod (CFX

m 640 W/ecm”3; 5.4 cm; 40000 W/m”*2/K; 60
deg C

m [lead=699 K=426 degC; TZr=392 K=119
degC<423 K
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SINQ-CFX

640 W/cm”3; 5.4 cm; 20000 W/m*2/K; 60 deg C
Tlead=799 K=526 degC; TZr=446 K=173 degC>423 K >>> htc???

Temperature B ——— Temperature
799.44 > 446.64

751.81 s 434.40
704.18 “ - 422.15
656.55 = \ - 409.91
608.92 . 7 - 397.67
561.29 ) - 385.42
513.66 373.18
466.04 s , 360.94
418.41 = _ 348.69
370.78 < 336.45
323.15 324.21
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ESS-CFX (h=40kW/m”"2/K, t=50 degC)

Run sinq singlerod Zr lead cfx13 008
User Points

C: 1450 K=1177 degC

B: 1250 K=977 degC

p=10 bar; d<10.75 mm

1920 W/m”3

3 times
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A: 480 K=207 degC

T T T T T T
40 60 80
Accumulated Time Step

—— Monitor Point: flaeche {Temperature) Monitor Point: middle lead (Temperature) =——— Monitor Point: middle {Temperature)




SINQ- Preliminary results (ANSYS)
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40000 W/imA2/K; 50 deg C; lambdaZr=12.2W/m/K HEAT FLUX

Temperature

Type: Temperature
Unit: °C

Time: 1
26.04.2011 16:41

384.73 Max
348.22
Eililz
275.19
238.68
202.17
165.65
129.14
92.627
56.114 Min

Total Heat Flux

Type: Total Heat Flux
Unit: W/m?2

Time: 1

26.04.2011 16:03

4.4925e6 Max
4.0016e6
3.5108e6
3.0199%e6
2.5291e6
2.0383e6
1.5474e6
1.0566e6
5.6574e5
74895 Min

3119e+006

o MaX

2276324006 2207 3=+005

5.3481e+005 4
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Water Flow(Inlet)
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Rods filled with lead




