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LIEBE project:

WP3 — Construction and tests
Project coordination meeting — 30/01/2015

M. Delonca on behalf of the WP3 contributors
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Outline

- Design:
« Modifications since the Design Study report
« Remaining open points

- Prototyping:
« LBE shower tests — results
« HEX test — plan
« Other prototype to be planned

- Open points/conclusion
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Design...

... modifications since the
Design Study report and open
points
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Proposed design — at the review

: Irradiation
& volume
(container)

Diffusion
chamber

Filling
tank
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Proposed design — modifications (1)

HEX

Weight too high: an
important part comes
from the LBE in the diff
chamber and in the HEX.

- . o_.-"{}."
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Proposed design — modifications (2)

- HEX - detailed design — design validated by numerical analysis

Temperature Temperature

temp wat1 temp Ibe
3.730e+002 8.732e+002
3.657e+002 8.666e+002
3.584e+002 8.600e+002
3.511e+002 8.535e+002
3.438e+002 8.469e+002
3.365e+002 8.403e+002
3.292e+002 8.338e+002
3.219e+002 8.272e+002
3.146e+002 8.206e+002
3.073e+002 8.141e+002
3.000e+002 8.075e+002

[K] [K]

@ 600 °C — CFX analysis
L

Velocity
velo wat

3.165e+000
2.374e+000
1.583e+000

7.922e-001

1.488e-003
[m s*-1] Q

Part built by

CFX analysis
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Temperatures repartitions foo LBE and water

additive Velocity streamlines fro LBE and water @ 600 °C
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Proposed design — updates (3)

-« HEX — part already ordered for test — should be received next
week
Part tested at 16 bars by the company
X-ray analysis provided as well
Chemical treatment for finer roughness inside the channel
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Proposed design — updates (4)

- Coupling of the pump part and the main loop part — system proposed
1. positioning of the trolley regarding to the front end,
2. coupling of the trolley thanks to pre-guiding and guiding system,
3. translation of the engine/magnets part thanks to an actuator and sliding guide.
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Proposed design — updates (5)

- Coupling of the pump part and the main loop part — system proposed
1. positioning of the trolley regarding to the front end,
2. coupling of the trolley thanks to pre-guiding and guiding system,
3. translation of the engine/magnets part thanks to an actuator and sliding guide.
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Proposed design — open points

- Open points on the design:
Monitoring elements to be implemented,
filling procedure,
emptying procedure,
coupling to the Front end

- Simulations remaining:
Shock waves coupled with flow (?),
Casserole integrity,

And validation of proposed design with prototype!
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Prototyping...
... LBE shower test -

results
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Prototypes — LBE shower test (1)

- What is the proper spacing with LBE?

(1) UpperTank

(2) Upper Vvalve

\ (3) Column Pipe

(4) Middle Valve

(5) Grid Plate

Vacuum
pump

(6) Bottom Tank

(7) Bottom Valve Camera

ourtesy D. Gregler &J.M._Mendonca, CERN
. STI 30/01/2015
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* Volume of LBE per shower
known (between the upper
and middle valve)

* 4 grids to be tested (different
spacing from 1 mm up to 0.4
mm), holes diameter of 0.1
mm.

« 5 showers
(repeatability)

« Camera to take picture (3 per
second)

per  grids

Grid samples
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Prototypes — LBE shower test (2)

. Observations:

s A8 RSV

- Tha 2 After the serie of shower
Shower at start. Shower at the end. Clogging visible

. Shower feasibility proven: smallest spacing between holes of 0,5 mm for 0,1 mm holes
. Oxidation prevent a proper operation of the grid (analysis of the grid foreseen)
. Size of droplets vary between the start and the end of the shower
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Prototypes — LBE shower test (3)

regimes created

100
\ \ \\md induced

, 1cmn;.
10 ‘\ :
gobbllnq %2

dnppuu.

vinvs)

0.1 E o % . , 4, X
100nm I um 10gm 100um Imm Gobb”ng Jetting

!

Hoeve et al. (2010) and C.Clasen et al (2008)

Limit velocity between the two

regimes: v* = \/Z =0,62=
pr s

with y the surface tension of the liquid  Gobbling 0to 0,62 m/s ~1,2mm ~1mm
(N/m), p the liquid density (kg/m3) and r Jetting > 0,62 m/s ~ 0,4 mm ~0,4mm

the nozzle radius (m)
Good agreement between theory and experimental data (considering the measurements

and post processing errors).
To obtain sm droplets, the outlet velocity should be > 0,62 m/s (jetting regime).
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Prototyping...
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... HEX test - plan
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Prototypes — HEX (1)

- HEX —test proposal — from Sevan Kelpentidjian
- Ecal mobil unit will be borrowed from CV department

Heaters

Opening for On the ECAL unit:

filling

- Pump up to 7,2 md/h
and 4 bars

- HEXupto7kw

- Control of inlet and
outlet temperature

- Demineralized water

Opening
Thermocouples

pump

ISOLDE cooling circuit:

- 0,8m3h
- 10 bars

HEX bloc with diffusion chamber, heating elements,
feedthrough for thermocouples and openings.
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Dimensioning of an HEX:

Prototypes — Hex (2)

B o ATZ - ATl . 1
Wlth ATlm_@ andH = i_l_l
M AT, R T h,
. Planned tests:
. Test of the HEX bloc at 16 bar with air @ CERN
. Test of circulation of water inside the HEX channels, without LBE
. Test with LBE at various T and under vacuum
- Expected results:
. Control of inlet and outlet water temperature to estimate the power extracted
. Verification of mechanical integrity of the HEX bloc
P=mx*Cv=(T,—T,)
Tipwater Tourwater AT e water Piost Al sima Psimu difference temp (%) difference P (%)
200 test test #VALUE! calcul 4,2 3636 #VALUE! #VALUE!
300 test test " HVALUE! calcul 3,6 3221 r #VALUE! " BVALUE!
400 test test " HVALUE! calcul 3,7 3139 " #VALUE! " HVALUE!
500 test test " HVALUE! calcul 3,4 2930 r #VALUE! " HVALUE!
600 test test " HVALUE! calcul 3,0 2562 r #VALUE! " AVALUE!

Since there is no circulation of LBE, the velocity of water must be lower than for the LIEBE target to be in the same
cooling condition for the water.
Might be difficult to assess with precision the power extracted!

CERN @ EN .
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Prototyping...

planned

... other prototypes to be
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Pr

ototypes — tests to be planned before

the full loop test

I}CERN%?

Prototyping of coupling procedure for the main loop target and the
pump/engine one — CERN

Prototyping for the coupling of the target with the front end (including the
coupling of the monitoring elements and water for the HEX) — CERN

Prototyping to assess the behavior of the pipes if the LBE freeze inside (open
point from the panel review) - ?

Testing of the pump (care to be put on cavitation issue) — IPUL

Testing of the robot compatibility in all situation (even in case of break up of
the main loop) — CERN

Testing of the leak tightness system — CERN

Testing of the stability of LBE flow in Y-divider - ?
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Open points - conclusion
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Open points - conclusion

Design still requires some finalization,

Many prototypes to do,

17 recommendations have been given by the panel review: to be
discussed today,

Other points?
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Thank you for your attention!
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Back up slides...
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TkW heat load
delta T=0.8°C

SRR SRR

Pressure
switch
7.2m3/h @18°C P=4.5bar return temperature=18.8°C Electro-valve
deltaTin time=<0.1"C P=0.5 bar(a) Safaty
valve
Wacuum
) il (I Temperature E pump
SENSOr
By-pass for Flow regulation .'::heﬂ’
0.5m3/h N
Manomater @— Ill— Mixad-bed filter FLC
[ |:|
_~—PID for oullet temperature regulation d}
Temperature m |
s =
Visual
Chilled water Chilled water heat leweal
1.54m3/h exchanger indicator
@ 6°C ; deftaP=70mbar (heat sink #2)
Fridge evaporator Purrip
heat sink #1) 7.7m3/h deltaP=5.36bar
Temperature { 4
SEnsar F'|n=ﬂ.4l:lar Pout=5.76
= = = = = Heater for E'
| temperature tunning 5 2
| | E Kﬁ\‘m‘“— DOrain valve
| | Erequency drive for flow and = CMS ! ECAL- MOBILE WATER COOLING UNIT SANTOS. M
| | pressure regulation g @
T CIRCUIT PRINCIPLE SCALE 11
Power to be removed either by fridge unit or chilled water ={19-18)x4184{J/Kg.K) x 2(Kg/s)=8368W 18092002
Heater Power= 12104 2} CERN/ST/CV 127.42.01
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