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Overview

Overview Inserts Outer shell Cooling requirements
« Work at -25°C

+ Maximum 500 mbar pressure drop (leakless-mode)

Mounting plate

Cover

« Limited space
« Low temperature gradient

Front cooling

Boards
Vacuum insulation panel (VIP)
Crystals
Coolant
Inner shell Methanol 60% Water 40%

Property Value Units
Density 930 kg/m3
Dynamic viscosity 0.0077 kg/s/m

— Cp 3151 J/kg/K

N
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THE PROCESS IS THIS

Calculaie & Design Siimlullaite

NP NaES WRTETS

BWEC Cooling shell design
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Calculations

Thermal and fluid mechanics calculations of
the cooling shells

BWEC Cooling shell design 08.06.2017 6
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Thermal calculations

Heat sources

@ Electronics

@ Heat flow through the walls
@ Power to cool down

o

+70C

APFEL 1.5

®
®
O
o
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Thermal calculations

Electronics

@ 150 mW/crystal * 524 crystals =718.60 W
@ Applied in back side of crystals

@ Cables out of the detector are not taken into account

® S Q

BWEC Cooling shell design . 08.06.2017
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Outer face

Thermal calculatio

Heat flow through walls

Front face
A Back face
Worst case at /0°C
surrounding temperature
Inner face

Source Value [W]

Outer face 40.23

Inner face 11.25

Front face 16.63

Back face 18.59

Radiation 2192

A . © . *
BWEC Cooling shell design 08.06.2017
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Thermal calculations

Power to cool down
Tetnperature historyak center and surface of sphere for Bi= 10.0
@ Constant cooling flow  —
mgm I:IE | |
@ Initial temperature 30°C
0.5

@ Final temperature -25°C 04l

b
M.  centertemperature
b

by
b
-

surface bernperature

-
-
S

@ Time 24 h

i 0.1 0.2 e 04 0.5
Fo dimensionless time

8280 kg 262]
m3 - .
:m-Cp-AT:O'06 ms kg

t 24 h-3600s

- (55°C)

=83.00W

BWEC Cooling shell design
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Summary of heat sources

Stationary

Transient

Front face

Radiation

Total

Safety factor 1.5

BWEC Cooling shell design

16.63

21.92

199.30

.- ‘ O

Front face

Radiation

Total

08.06.2017

16.63

21.92

203.70
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Thermal calculations

Mass flow calculation Distance between pipes
« 0.3 °C between inlet and outlet (homogeneity) « 0.25 °C max temperature difference (homogeneity)
« 15 mm thickness
o __ P _03237kg 2088l P2 _ |8aTkt
C, - AT S min 8-k-t_AT—)L_ P

« 2 outer shells and 2 inner shells
« Quter shell 7.34 I/min L

« L=150 mm

BWEC Cooling shell design . 08.06.2017
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Fluid mechanics calculations

(Half outer shell)
Outer shell parts

6 pipes > d=13mm

- 9 front square connectors

« 4 pipes > d=10mm « 4 back elbow connectors

V=B TS

BWEC Cooling shell design

8.06.2017
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Fluid mechanics calculations

Pipe withd =10 mm Elbow of d =10 mm
8Q? 8Q%( L+ L,
Ap = (fD5>p = 11.37mbar Ap = — < PE q>p = 21.05 mbar
Pipe withd =13 mm Square connector (estimation)
_8Q*( LY\ _ _8Q%( L+Le\ )
Ap = ?<fﬁ>p = 3.99 mbar Ap = -2 hE p = 27.60 mbar
N 0
A4 ‘ © ° ~
BWEC Cooling shell design 08.06.2017
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Fluid mechanics calculations summary

Pressure drop (mbar) Amount Total Pd (mbar)

Straight d = 10 mm 1131 4 4548
Square connectors 21.60 5 138.00

291.62mbar < 500mbar I

o= * 2 PSS

BWEC Cooling shell design 08.06.2017
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3D design

An overview of the outer shell 3D design

BWEC Cooling shell design 08.06.2017 16



@ Hm Parmda @5}

Helmholtz-Institut Mainz

3D design

®
¢
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3D design

Front square connectors

Back elbows

NP NaES WRTETS

BWEC Cooling shell design
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Simulations /

Thermal and fluid mechanics simulations ]
Autodesk Simulation Mechanical & Autodesk CFD 2016

BWEC Cooling shell design 08.06.2017 19
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Thermal simulations

Outer shell

/ (Aluminum)

Front shell
(HDPE)

Inserts
(Aluminum)

Gap

(air 4mm)

Crystals
(PbWO04)

Inner shell
(Aluminum)

1 quarter dummy for simulations
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Thermal simulations

Only outer and inner shells

Termperature

[ .
-23.14596

-23.33964
-23.53331
_23 72698
-23 92065
-24.11432
-24.308
_24 50167
-24. 69534 -
-24 88901

-25.08268

Bl -25.08 °C

m 23.14°C @ Not front shielding

@ 2°C gradient

BWEC Cooling shell design 08.06.2017
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Thermal simulations

Back pipe with both inner and outer shells

Temperature
*C

-23.1597

-23.35392
-23.54813
-23.74234
-23.93635
-24.13076
-24 32497
-24.51818
-24.7134

-24 890761
-256.10182

° @ Back homogeneity
] -25.10 °C

mm 2316°C @ Not front shielding

@ 2°C gradient

BWEC Cooling shell design 08.06.2017
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Thermal simulations

Front shell, back pipe and both inner and outer shells

Temperature
°C

-24

-24.1
-24 .2
-24.3
-24.4
-24.5
-24.8
=247
-24.8
-24.9
-25

Out of scale -5°C

@ Front shielding
@ Less than 0.5°C gradient

@ Solid angle loss (further
for the IP)

BWEC Cooling shell design
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Thermal simulations

Possible 140W (STT worst elect. case) front without front cooling

*

° @ Huge temperature
gradient (7.13°C)

Temperature
“C

-17.87252
-18.58161
-19.3107

-20.02979
-20.74888
-21.48797
-22.18706
-22.90615
-23.82524
-24 34433
-25.0634%2
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Thermal simulations

Possible 140W (STT worst elect. case) front with front cooling

Temperature
"

-24

=241
=242
-24.3
-24 .4
-24.5
-24 .6
=247
-24 8

BWEC Cooling shell design

Out of scale 57°C

@ Good front protection
@ Less than 0.5°C gradient

° @ Solid angle loss (further
from the IP)
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Fluid mechanics Simulations (S) Stati;;rse;ss;re-mbar

Straight pipes and elbow i

4.00 mbar 12

08

04

-0.0121991

23.82 mbar

(S) Static Pressure - mbar (5) Static Pressure - mbar

23.484 11.6054
22
A 10
18 Lo
16
14 8
12 7
10 6
8 5
g 4
4

3
2

2
-0.340269

1

N Q ’."
. ]

8.06.2017 26
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Fluid mechanics simulations
Front square connectors

(3

BWEC Cooling shell design . 08.06.2017
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Fluid mechanics simulations
Front square connectors

(3

BWEC Cooling shell design . 08.06.2017
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Fluid mechanics simulations
Front square connectors

(©
-

BWEC Cooling shell design
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Fluid mechanics simulations |
(5) Static Pressure - mbar I:I'Ollt square con“ectors 25.0869

22

30.7928 20

28 18

24 (5) Static Pressure - mbar 16

26,6062 4

20 24 12

10

16 iﬁ 8

12 18
35.44 mbar 16
2 14
4 12

-4.64937

31.21 mbar

,‘ * >
BWEC Cooling shell design 08.06.2017
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Fluid mechanics simulations
Summary

Part Pressure drop/part(mbar) Amount Total Pd (mbar)
B L
Square conn 1 35.44 2 10.88
R i I R U
Square conn 3 30.28 1 30.28

BWEC Cooling shell design 08.06.2017
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Fluid mechanics calculations vs. simulations

Pressure Pressure
Total P
Part drop  Amount (o“tl?m)d Part drop  Amount T((I:li;’lal:)tl
(mbar) (mbar)
Straight | 4147 4 4548 Straight
d=10 mm ' ' d=10 mm 11.63 4 46.52
Straight Straight
Elbow Flbow
d=10mm 2109 ] w2 i=10mm | 2382 4 9528

P

Square \

216 2 55.20 Square
conn 1 conn 1 35.44 2 10.88
Square

0
21.60 ) 2 95.20 Square
conn 2 v Conn 2 ( 31.21 ) 2 62.42
Square
cgnn . 2156 1 27,60 Square 3028 : 3098

conn 3
Total 291.62 mbar Total 329.38 mbar
f * ¢ - *
BWEC Cooling shell design 08.06.2017
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Summary and future works

What is next?

BWEC Cooling shell design 08.06.2017 33
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Summary

@ Less than 0.3°C of gradient in the coolant temperature
@ Good homogeneity with front cooling
@ Low pressure drop:

Calculations Simulation

@ Different pressure drop values because of the square parts
(simplifications in calculations for complex geometry)

®
®
O
o

BWEC Cooling shell design . 08.06.2017
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Future works

@ Building an outer shell prototype (on process)
@ Make measurements for validating calculations and simulations
@ Tests for front cooling with existing prototype (on process)

@ Design inner shell with the same procedure

®
®
O
o

BWEC Cooling shell design . 08.06.2017
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Any questions?

You can write me
jjorgeri@uni-mainz.de

BWEC Cooling shell design
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Front cooling

Preparation in Outer shell and MP
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Front cooling

Preliminary design

@Parallel circuits (low pressure drop)

@Different diameter each branch
(homogeneity)

@3D printed (HDPE)
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Simulations

Velocity examples

BWEC Cooling shell design
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Thermal calculations

General inputs

Parameter B2 value B3 Units [~ |
Round Exterior convection film coefficient (h1) 2,17 W/m2K
Round Exterior convection film coefficient (h2) 2,28 W/m2K
Front Face convection film coefficient (h3) 1,55 W/m2K
Conductivity VIP 0,005 W/m°C
Counductivity aluminum 154 W/m°C
Total BWEC Lenght (depth, z) 0,356 m
Conductivity Glass fiber 0,288 W/m°C
Conductivity MP Isolation 0,063 W/m*°C
Conductivy plastic electronic cards 0,228 W/m°C
Aluminum emissivity 0,09
Stainless Stell emissivity 0,85

Outer temperature 70 °C
Crystal temperature -25 °C

BWEC Cooling shell design 08.06.2017
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Thermal calculations

Example
Parameter B value B2 units [~ |
Hot temperature 70 °C
Cold temperature -25 °C Q
Wall surface 0,463 mA2 %)
VIP thickness 10 mm o
Aluminum shell thickness 4 mm r-?
Air gap 5 mm
Spaltel ﬂ Spalte2 ﬂ Spalte3 ﬂ
VIP Resistance 4319654428 "C/W
Aluminum resistance 5,60994E-05 °C/W
Air convection resistance 1,393436912 "C/W
. +
| , -25C  Ryip Ru Rair 30C
Total resistance 5,713147439 °C/wW
Heat flow 16,62831233 W p —/\/\/\—/\/\/\—/\/\/\—
Temperature Aluminum sheet end 46,82949581 °C

BWEC Cooling shell design 08.06.2017
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Thermal calculations

Output summary

Total power 305,97 W
Distance between pipes 157,85 mm
Temp in coolant outer shell -31,16 °C
Tempin coolant inner shell -30,43 °C

Lower temperature out aluminum 46,83 °C

Lower Temperature in part without shell 59,00 °C
Coolant flow total 20,88 I/min
Coolant flow per outer shell 7,34 |/min
Coolant flow per inner shell 3,10 I/min

®
®
O
o

BWEC Cooling shell design . 08.06.2017




ﬁ HIM Panda (o

Helmholtz-Institut Mainz

Fluid mechanic calculations

Serial Pressure drop calculator T Y Tr—

Section shape Circular
Flow 7,5 I/min 0
@ InpUtS Pipe hidraulic diameter 13 mm 0
Total lengh 0,13 m
Coolant

Pipe rougness 0,01 mm
- Section s geometry
- length

NORMAL ELBOWS
* I'ocal elements Normal elbow 90° 0 .
° FIOW Normal elbow 60° "
‘ Va|\[e Normal elbow 45°

SHARPED ELBOWS

° Height Sharped elbow 90°C 2

Sharped elbow 60°C
Sharped elbow 45°C
SMOOTH ELBOWS | .I
Smooth elbow 90°C
Smooth elbow 60°C
Smooth elbow 45°C
LOCAL PRESSURE DROPS
Ts

Y's

Entries

Qutlets

Valve Kvs

OB

BWEC Cooling shell design 08.06.2017
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Fluid mechanic calculations

Serial Pressure drop calculator

Resuts _______Edvalue
o Outputs: value _Edlunis K

Flow 0,000125 m3/s
Reynolds e
Pipe hidraulic diameter 0,013 m
« Laminar/ Turbulent . 000
« Friction factor - R
P d Section area 0,00013273 m2
* Tressure arop Velocity 0,94174523 m/s
« Pressure difference
Reynolds Number 1478,66231
Regimen Laminar
Friction factor 0,04328236
Pressure drop 2760,56493 Pa
Pressure difference 2760,56493 Pa
Pressure drop 27,6056493 mbar
Presure difference 27,6056493 mbar

®
®
O

o

’ * >
BWEC Cooling shell design 08.06.2017
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Fluid mechanic calculations

Parallel calculator

Flow
@ Aim:
« (Constant flow through
all branches. Flow/4 [l Flow/4 Flow/4 Flow/4
Flow
@ Procedure:

« (Change diameter of branches.

’ * >
BWEC Cooling shell design 08.06.2017
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Fluid mechanic calculations

Parallel calculator RE e =

Section shape D1 Circular

@ Inputs: :

p Section shape d2 Circular
Coolant

« Different geometry for SECtiONS  Fiow in each 2 circuit 3,13E-05 m3/s .

o Lengths Total flow D:.l 1,25E—D4‘ m3/s
Number of pipeways 4

« Local elements Length s | 0.15]m
Lenght | 0,29

«  Number of branches o .

. ength L 0,4 m

° Helght Main hydraulic diameter D1 0,008 m
Secondary hydraulic diameter d2 0,008 m
D1 pipe roughness 1,00E-05 m
d2 pipe roughness 1,00E-05 m
T'S
Main number of T D1 1
Main number of T d2 0
NORMAL ELBOWS )

Main number of 90 elbow D1
Main number of 60 elbow D1
Main number of 45 elbow D1
Main number of 90 elbow d2
Main number of 60 elbow d2
Main number of 45 elbow d2

[ e IR o e R+ o]

BWEC Cooling shell design 08.06.2017
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Fluid mechanic calculations

Parallel calculator
FINAL RESULT OF PRESSURE DROP
@ 0 t t . Result n\falue ﬂ Units ﬂ
u pu s' Total pressure drop in common pipe 5,496660775 mbar
° Total pressure drop Total pressure drop 1035,314272 Pa
P d . f Id Independetn term due to high 0 Pa
¢ ressure rop In maniio Total pressure drop 10,35314272 mbar 4

« Different diameters

Resut K1 K2~ B2~ K12 K

Hydraulic diameter(mm) 10,00 10,86 11,62 11,67
Valve value KVs (m3/h;bar) 0,00 0,00 ) 0,00 i 0,00
Pressure remaining (mbar) 471 3,50 i 2,75 i 2,70
Pressure remainig after valve (mbar) 471 3,50 ) 2,75 i 2,70

BWEC Cooling shell design
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Front cooling test

Different materials

@ Aim:

« See the effect of different materials
in the front cooling

- Effect of different VIP “s configuration
20mm
2x10mm
- Validate thermal and fluid mechanic
calculation system.

BWEC Cooling shell design
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Front cooling test

Different materials

@ Layout

t
Front shell

M Manometerxz
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Cold nitrogen test

Cool down the nitrogen

@ Layout

Gas mass flow meter

Copper coil

Small chiller bath

BWEC Cooling shell design
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Dew point at 20°C

Calculations

Parameter Bl vValue B units - |
Round Exterior convection film coefficient (h1) 2,17 W/m2K
Round Exterior convection film coefficient (h2) 2,28 W/m2K
Front Face convection film coefficient (h3) 1,55 W/m2K

Conductivity VIP

0,005 W/m°C

Counductivity aluminum

154 W/m°C

Total BWEC Lenght (depth, z)

0,356 m

Conductivity Glass fiber

0,288 W/m°C

Conductivity MP Isolation

0,063 W/m°C

Conductivy plastic electronic cards

0,228 W/m°C

Aluminum emissivity 0,09
Stainless Stell emissivity 0,85
Outer temperature 20 °C
Crystal temperature -25 °C

)

Parameter _________________Hlvalue ___Eunits [

Total power

Distance between pipes

Temp in coolant outer shell

Tempin coolant inner shell

Lower temperature out aluminum
Lower Temperature in part without shell
Coolant flow total

Coolant flow per outer shell

Coolant flow per inner shell

214,04 W
188,90 mm
29,42 °C
-28,93 °C
9,02 °C
18,24 °C
14,61 I/min
5,13 I/min
2,18 I/min

BWEC Cooling shell design
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Psychrometric chart

i

130 135 146 145
=

NORMAL TEMPERATURES

S1 METRIC UNITS
Barometric Pressure 101,325 kPa

SEA LEVEL

15

t g/hg Dy Al

4

f !
T
x\:\\\;}\h\\\\ Y
‘ o H |
Dry Bulb Temparaturs °L 4
0.7 .30 035 05
3 Copyright  Carrier Lor)

Bebowe 0°C Properties and Enthaipy Deviatien Lines Are Far lee Voluma m g Dry Air

ratran_13:3
REVNE, 81 Cat. No. 194001 Pripted im .58 ° ° e
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Dew point at 20°C

Kapton heating

BWEC Cooling shell design
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Distance hetween pipes

@ All the heat received for the plate is transported by conduction

qcrax = qc + (52) dx + -+

qCiax — qC = (%) dx + -

9 aT
qCipax — qC = (5_ ka) dx + -

BWEC Cooling shell design 08.06.2017
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Distance hetween pipes

T\ P
() ” |
@ Boundary conditions X 2 ‘
@ Symmetry: Q(L/2)=0 :
@ T(0)=Te
T(x) = i °+A-x+B
ET ke x
T(0) P 0°+A4-0+B—>B=T
— . . - =
2 k-t ¢
or (L/2) D yacooa=t
S = — | — = e = —
0x / 2-k-t \2 2kt

BWEC Cooling shell design
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Distance hetween pipes

T Xty xtTe X L/2 i

A A

We want T(L/2) < Te+0,5

PL? N PL?
8-k-t 4-k-t

PL?
8'k't+Te= T€+0,5 PLZ A7 . 8ktAT
= - =
8-k-t P

T(L/2) = —

+Te=Te+ 0,5

BWEC Cooling shell design
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Termperature
°C
-4 601018
-6.658223
-3.719428
-10.77264
-12.82584
-14.88705
-16.94428
-19.00148
-21.05867
-23.11588
-25.17308

O

ETan da

Thermal simulations Out of scale

Temperature
°C

-4 601016
-6.636223
-3.715429
-10.77264
-12.82884
-14.88705
-16.94426
-19.00146
-21.058687
-23.11588
-25.17309
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Temperature
C

57.56953
4524124
40.891295
32.98466
2425637
15.82808
7.599793
-0.728496
-9.056785
-17.38507
-256.71336

ETan da

Thermal simulations Out of scale




-900 mbar

7m
@ -200mbar
T
_ )
Leakless mode - o
Heat axchanger Le -500mbar s
]
/ ) @/ P.b;qmw
Calorimeter L C —
il
"\\\K
-100 mbar
AP, + AP, =< 8O0 [mbar) 4m
. oo PR 300mbar
dflerence In sub-stmospheds mode
AP = Pressure loss due o flow V' in
hial exchanger
-50mbar
—
I Pressure Lo
- Height 4— | -S5O mbar
elg
. S o >
I Total static energy \ .
P Losses / , .
(Pt) 1= fxed vaive
2500 mbar 350 mbar
Om Om
2500mbar 350mbar
/ 1m=100mbar D
Control
pump phaly
-250 mbar
Om

-250mbar




