D

o

Thermal Mock-up Status

Carsten Niebuhr, Hua Ye,
Reimer Stever, Karsten Gadow, Christian Camien

DESY

19th International Workshop on DEPFET Detectors and Applications
Kloster Seeon, 10-13th May 2015



D

o VXD Cooling System

Belle I
C(i:r(c)jit Detector| Half | Layer| Type Side | Power [W] > SVD:
» APV25 surface@~0°C
1 1&2 | endrin bwd 90
up - g > PXD:
2 BXD 1&2 | endring | fwd 90 o
3 4 1&2 | endring | bwd 90 » Sensor < 25°C
own
4 1&2 | endring | fwd 90 > ASICs < 50°C
SHEXD] 260 Required cooling capacity of CO2
5 left 3-6 | endring | bwd 93 t 2.3 kW
6 right | 3-6 | endring | bwd 93 system 2- )
7 eft_| 36 | endring | fwd | 03 Dry Volume, dew point ~ -30°C
8 | oo |rignt | 36 |endring | fwd 93 Inner surface of CDC @room
9 left 485 | origami | bwd 68 temperature
10 right | 4&5 | origami | bwd 68
11 left 6 origami | bwd 96
12 right 6 origami | bwd 96
sum SVD 700 “\.
sum VXD 1060 -
plus 4 circuits for plus parasitic heat load \
Nz supply from the environment

2-phase CO, Cooling

» CO, is in the two-phase regime — liquid and gaseous state exist simultaneously.
» Heat removal by evaporating liquid CO, at the constant temperature and pressure.
» The temperature can be controlled and monitored by the pressure.
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o Thermal Mock-up : PXD

Belle I

4SCB (Support Cooling Block)

Thermal Dummy Ladders
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o Kapton fiber bending

Belle II
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D
Mount the thermal Dummy Ladders on




Mass flow v.s. Pressure drop

Belle II

The long and small diameter cooling lines cause
relative high pressure drops, which cause
temperature gradients. We measure the Pressure
Drop to the mass flow in our Mock-up.

N

Experimental setup

aul| X3|} Jajsuesy wig

By pass "
(super)
insulatior
4 mmQOD/
3 mm D
outlet tube
1.6 mmOD/ k ‘
1.0 mm ID 18 mm QD
concentric corrugated
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Belle I

NV SCB : Mass flow v.s. Pressure drop ‘

12— ———— .
—— bwSCB@-30C o B P on® I
R — WSCB@-30C = - ggggﬁgcc
g, 2 10 scega0c
“'g ] g. - —— SCB@-30°C
é s-_ _,a 0.8 :—
ERS 2 0.6~
S | = - )
s o 2 04 .
g > ]
2 5 A~ 02 -
— 1 T T T T T T T T T T 1 L L L A L . L . L 1 L ! -
) 08 09 10 11 12 13 14 15 16 17 O'%_g 1.0 1.2 1.4 1.6
Mass flow (g/s) MaSS ﬂOW (g/s)
f/b SCB, with flex line. Averaged SCB

» Big pressure drop happens in transfer flex line.

» Small difference of pressure drops in forward/backward SCBs.
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o Temperature

Belle II

Temperature on SCB surface, when T=-30°C, PT100 gives -24°C, when T=-20°C,
PT100 gives -15°C.

@T=-20°C;
PT100.

20: inlet -16.2°C

(thin pipe gives bad touch to PT100);
21: outlet -18.9°C.

-
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Thermal Mock-up : SVD

Belle II
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o Pipe bending

Belle IT
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Belle II
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Study of SVD Flat Layer.6

Arrangement > L6.8.x
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Pressure drop (bar)
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Pressure drop v.s. Mass flow

- Necrawm R - i T
[ L6@T=-20°C,P=60W ST 5:_ —— Le@T=-30"C,P=30W
[ — — L6@T=-20°C,P=90W =y ~ b —— L6@T=-30°C,P=60W
- =) - —— L6@T=-30°C,P=90W
h -
n = 10
- Q -
C ] b C i
= 4 Z 05 .
- wn n
- [«F] _
o fus i
n - & 0.0 -
: 1 1 | L 1 1 | L 1 I | 1 ! 1 : _0- " 1 ' 1 ' N " | " I ! 1 1 1 1 :
8 1.0 1.2 1.4 1.6 %.8 1.0 1.2 1.4 1.6
Mass flow (g/s) Mass flow (g/s)

» Higher heat power gives higher pressure drop
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Dry out

Belle I

When the vapor quality gets too
high, there will be no liquid film on
SOTERT o the capillary walls, then resultin a
SLUG _L WAVY J\'“TE“”'”E"‘“" oev SueEwaL R shane jncrease of the cooling block

SINGLE PLUG
LIQU|D FLDW FLOW le

FLOW FLOW ANNULAR FLOW N
= T
| temperature.
¥ = O x =1
Dry out
G L o ._-31‘0.0. 1000 900 800 700 €00 500 400 300 kg/m3
o6 200 == N3
=T 100 7-50 L | o \\ v, \,\NP\\;\ \
< [ %0 5 T ' = B Ny ANAY
4- = SO T A T v 1778 B\\\\i
: A0 30 WD 27 IS~ S NN
: SE TR
ol £ sl o\\a
- o y i v\ W
0 30 s 11 ;%};\
20 | / 20 .2
Sensors along the pipe |
—— —— —— —— ——t —— —— ——t ] )
/‘ 1074 ke/m3 30 HH
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 10 I & - ‘-"0
0 100 200 300 400 Lonth (mm) al [ ot Jos | o Tosl ol ok [ ab oz |k TTANUNLNEHE LR P
714 L1 ! A vl v L] 4 1 . B L WA EARIEA R A A S -_ TE 0
: 1 feve 1 Il
The d ry Out ha ppens In the Iast 6 Senso rS’ 80 100 120 140 150 180 200 220 240 260 280 30[;n‘3hlaoipv3!:)0/k::50 380 400 420 440 460 480 S00 520 540 560 580

where the temperature changes 5°C.
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Belle IT

A  Fotimate the minimum mass flow .

AP « %, where L is pipe length, d is diameter.

Assume : pressure drop is due to narrow bends in SCB, and due to pipe length in L.6.

Pressure drop of

Layer 4&5 : == « dp(L6@68W,-20°C)
BWD : (d(“”’)z*’v”"’""’s“’m’*d (SCB@9OW —200c)+(d““ye’”6))2* LOWD) i (L. 6@90W, —20°C)
" \d(bwa) Nbends(sch) p ! d(bwd) L(Layere6) p{L. !

FWD: similar way

T=-20C No. heat Min_massflow | Min_pressure drop | Mass flow @dp=1.76
(. (w flex line) bar (w flex line)
SCB 4 OW . 0.41g/s 1.76 bar 0.41g/s
BWD 2 93 W 0.42 g/s 1.49 bar 0.47 g/s
FWD 2 93 W 0.42 g/s 1.43 bar 0.49 g/s
L4&5 2 68 W 0.31g/s 0.83 bar 0.53 g/s
L6 2 96 W 0.43 g/s 1.33 bar 0.52 g/s

» At T=-20°C, total mass flow for the mockup> 5.66 g/s, gives the pressure drop of 1.76 bar.
» At T=-30°C, total mass flow for the mockup> 5.43 g/s, gives the pressure drop of 1.73 bar.
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Temperature

Belle IT

Thermal Camera 320X240
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o New NTC sensors

Belle II

For the dummy heater module:

AQcoz+ AQampient = PAt, AQ/At = cAT,

= &' (Todute — Tco2) + B (Tmodute — Tambient) = P -
For the NTC sensors:

a(Tnre — Tcoz) + B(Tnre — Tambient) + Y(Tnre — Tmodute) = 0

= Tnrc = kP + mTcoz + (1 - m)Tambient
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o Summary

Belle IT

What we have learnt
» Pressure drop to mass flow of SCB and Layer.6
» Temperature of dummy heaters.

» Bending work, assembly work ......

Next to do
» Build up the thermal mock-up.

» FBG (Fiber Bragg grating) temperature/humidity sensors
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VXD Cooling Pipe Line System
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VXD Cooling Pipe Line System

coc
oc VXD Li l t
s cooling pipe line system end 12
" ) "n; ' \parts in dfferent scales or only symbols [connactio
area) VXD VXD dock ar
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W volu VX0 VX0 VXD
and flange cold volume end flange
o —— = e
I I3
o — !
C— | - e
——
SVD [ |
o ____1] e
2. half shell |
Irght o )| -
Tllad — : p—————— i |
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total lenght: <E60mm fotal | b -573mn awd I.vrlghFr:Fn-iﬂnn E Fwd |3.|F.||Ih ] fotal lenght: 600mm fctal lenght: <11B0mm
HHE e — — P 488
dGHb  o— ] e—— PXD — ] S
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VXD Cooling
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