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Beryllium Target Section

Beryllium
Target
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Design Requirements/Speé

» Berylium Target
» 6cm diameter
» 40 cm length
» 300W power absorption
» Max Temperature 66C
~ Water cooled
» Tungsten absorber
» 15.24 cm square
» 10cm length
» 5.2KW power absorption
» Max Temperature inside 1000C (factor of 3 to melting)
>

Water cooled - separate Chiller system required
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\
Tungsten Absorber Thermal Analyst

» Power absorption data provided by Vitaly
Baturin

» Modelled in ANSYS Static Thermal
» Shows maximum delta T of 117C

» Outer Surface cooled with water under 100C
» Maximum Tungsten Temp 216C
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3D Rendering - cooling plates on
4 sides - Max water temp less
than 50C - 4 circuits

Copper
cooling plates

Copper
cooling tubes
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H ©- KLong target System cooling water - tanabe [Compatibility Mode] - Excel
File Home Insert Page Layout Formulas Data Review View Acrobat Q Tell me what you want to do... Tirmothy Whitlatch F_}_ Sha
B
138 v I =3.8*3BS7/H38
A B | c | D | E | F | G | H J | Ko L oM M | 0 |

1 |KLong 6KW total, 4 circuits chilled water for Tungsten absorber
2 | Units Units Units
3 |d 4.7 mm 0.01542 ft 0.0047 M ID of tube Heat Exchange with water 2
4 L 10 m 10000 mm Twater = 374197617 C
5 |epsilon 0.000005 ft eld= 0.000324 Nug = 65
6 |nu 0.0000155 ft*2/sec  at 5°C K= 0.623 W/N
7 _|Coil Power 1.5 kW 1500 W Pr= 4.84 extr
8
9 | ( h= Mud K/D VAN
10 2eAP d £ 251
111 v=—2 o Tlegy ot Y—— h= 5367.185111
71 0433 L | 37d g [2gAP 4 _
13 4 v 0433 L q= hA(Tw-Twall) =
14 | - b - A= piDL use
15 [ gpm \_v:vd"
16: L -2 log 3 id — \efrcuit ) 4 P=mCpdeltaT Twall = 84.73880412 C
17 |7 dd 4 l'ia:j; ;_* (BT (), gl g sec 3.8 factor=  1kg/s=15 83gpm
18 L v : / —‘"\;JT-J"’ -’*Wx i Cp= 418 KJ/Kg'K —
19 ( 3 KW=KJ/s=(kg/s)(kj’kg*C)C —
20 y ®

3 e 21 Re=Xd 38P

21 T e - AT =——
| 37d ol v
= d [1gaP d 7
= | vy043 1) 254

24

2 I l

26 |DeltaP 0433 L L v Re q DT h nl 1l

27 |(psi) (fisec) (no units) (no units) (ft/sec) (gpm) (deg.C) \i DP l

28 14 031283255 0.008153 4.177392 0.057305 1.306824 1300.075 0.109519797 52.04539 P!

29 28 044241203 0005791 4.474563 0.049946 1.9796 1969.376 0.165902543 3435752 14} v

30 10 0.83608015 0.003105 5015785 0.039749 4193599 4171.94 0351449057 16.21857 4193599 10

- 2 I ¥
31| 20 118239589 0.002221 5306721 0.03551 6.274645 6242.238 0525853378 10.83952 6.274645 20 i I
32 | 40 167216031 0.001596 5593672 0.03196 9.353517 9305.209 0.783881541 7.271507 9.353517 40 5w Yo
33| 45 177359384 0.00151 5.641937 0.031415 10.00651 9954.825 0.838605949 6.796994 10.00651 45 £
34 | 50 1.86953206 0.001437 5684973 0.030942 10.62824 10573.35 0.89071097 6.399382 10.62524 50
35| 55 1.96078176 0.001374 5723784 0.030523 11.22309 11165.13 0.940563244 65.060199 11.22309 55
36| 60 2.04796976 0.00132 5759113 0.03015 11.79449 11733.57 0.988449918 5766605
37 65 213159451 0.001271 5791523 0.029814 1234518 1228142 1.034601013 _ 5.50937
38 20 118239589 0.002221 5306721 0.03551 6.274645 6242.238 0.5258533?8| 10.83952_|
39| 75 22896998 0.00119 5849241 0.029228 13.39301 13323.84 1.122415311 5.078334
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Berylium Target Water Cooled
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KPT Status

» Cooling System

» Separate Local 6 Kw chiller to be purchased

» Manifold with 5 circuits (4x tungsten absorber,
1x beryllium target)

» 95% Complete Final Design Drawings
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Hall D Tagger Hall
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Pavel 64 Keyhole Model 52Kw
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C: Static Structural
Equivalent Stress
Type: Equirvalent (von-hdises) Stress

Unit: Pa
Tirne: 15

162023 T:51 PM
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CPS Cooling Spreadsheet

H ©- CP5 Absorber cooling water_v1 - tanabe [Compatibility Mode] - Excel
File Home  Inset  Pagelayout  Formulas Data Review  Wiew  Acrobat Q' Tell me what you want to do...
011 ~ S =U5*06/{D3/1000)
A | B C | D | E | F | G | H | | J | K | L | M | N | o | E

I
KLong CPS 52KW total, 2 circuits LCW
2 | Units Units Units
d 30 mm 0098425 ft 003 M 1D of tube Heat Exchange with water at
L 2m 2000 mm Twater = 35.34604143 C
epsilon 0.000005 ft eid = 5.08E-05 My = 62

nu 0.00000929 f*2/sec  at 37°C K= 0.623 WIMK

: Coil Power 26 kKW 26000 W Pr= 4.84 extrap
f= 0.021383537 frictior

A
1
2|
3|
4|
b
6
7
8 |
9
10 , [eaPd, s . 231
v=-2]———log ) —+ ——— -
l 04B L 2374 4 gaPa h= 1506222762
13| L
14
15|
16

h= Nud K/D WIMA

v 10433 q= hA(Tw-Twall) =
A= piDL use L
. 55t { gom | ‘xd"
. ) 2m | _,
6| [——==-2log , 2 \eireuit] 4 P=mCpdeltaT Twall = 64 04507772
17 [ 374 4 [2gAP d PR sec 3.8 factor= | 1kg/s=15.83gpm
18 v 0433 L mn Cp= 418 KJ/Kg™K
19| b KW=K./s=(ka/s)(kj'kg"C)C
20 | s 251
il 574 4 fozara
227 Z ==
23 v Y0433 L) 254
24 | »
2 e a l .
26 | DeltaP 0433 L L v Re q h ™
27 |{psi) (ftisec) (no units) (no units) (ftisec) (gpm) (deg.C) v DP ol
23 | 018 0063369586 0.000388 6823268 0021479 4323877 45810.38 1476371438 6692083 - .
29| 28 249933016 0.000109 7.926986 0015906 19.81716 209957.0 67.66493856 1460136 o | M
30| 8 422463904 69BE-05 8312191 0.014473 3511601 3720452  119.902282 0.324004 35.11601 8 Al ol
31 20 667974084 4.92E-05 8616129 0.01347 57.55351 G09764.6 1965142767 0502762 57 55351 20 5
an | AN 0 AACCONND 7 0OC NE 0 0AN447 N N40040 07 220N0 0OANLE £ NOA CLOAAAE A 24TANC 02 29nn0 an = e
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Thermal Stress - copper
absorber C101 Full Hard

Strain = Alpha *delta T

Stress = Youngs Modulus * Strain

Strain = 1.674ee-5/C * 175C = .0029
Stress = 1.26 ee11 Pa * .0029 = 365 MPa
Allowable yield stress = 283 Mpa

vV v v v v VY

Model Shows a little lower
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CPS Cost Estimates

Klong Compact Photon Source - Pavel

Component

Copper absorber
WCu absorbers
Lead Bricks
borated poly sheets
Iron core

Iron shield

Barite concrete (CPS and beamline)
Adjustment components

Support Structure

Rail System

Water Cooling System

Beamline Plus girder

Radiator (3 position remotely)
Magnet

Power Supply

Machining of shielding components
Concrete pier

Temperature sensors and wires
Vacuum Pump and controllers

PLC modules and shielding

Total Materials

qty Lbs
1
20.4
3421.73
71.5875
1
1

2045.71
3
1
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Kg
3194
510
88965
11454
3436
38678

126167

2202.7

274607

1450.1
231.54
40390
5200.1
1559.9
17560

57280

1000

124671

cost ea $

33000
1,400
52

800
17180
193390

10
2800
30000
4000
5000
10000
15000
110000
100000

15000
20000
200
20000
1500

Fab cost $ Total cost $

0 33,000
28,560

2000 179,930
28635 85,905
0 17,180

0 193,390

10,000 30,457
8,400

30,000

4,000

5,000

10,000

15,000

110,000

100,000

15,000
20,000 -
4,000
20,000
7,500
917,322
678,422



CPS Reauired Design Manpower

KLONG CPS Design
Days # # FTE FTE FTE

Duratio
Task n Eng Des Eng Des Facilities
Design new beamline
Beamline layout 10 0.1 1 0 0.04
Perm Magnet setup 2 0.1 1 0 0.01
Vacuum pump setup 2 0.1 1 0 0.01
Final Beamline drawings 25 0.2 1 0.02 0.1
Component procurement 200 0.05 0.05 0.04 0.04
Design CPS
Design Concrete Base 30 0.2 1 0.02 0.12 0.12
Design rails 15 0.3 1 0.02 0.06
Design support structure/strongback 25 0.4 1 0.04 0.1
Design adjustment system 25 0.1 1 0.01 0.1
Design magnets 65 0.4 1 0.1 0.26
Procure Magnets and Power Supplies 250 0.1 0.1 0.1 0.1
Design radiator 25 0.1 1 0.01 0.1
Design shielding 120 0.2 1 0.1 0.48
Test Magnets 5 0.2 2 0 0.04
Design alighment system 45 0.2 1 0.04 0.18
Design cooling system 30 0.4 1 0.05 0.12
Procure all shileding components 200 0.1 0.05 0.08 0.04
Procure rails, strongback and cooling 200 0.1 0.05 0.08 0.04
Procure radiator components 80 0.1 0.05 0.03 0.02
Installation Drawings 40 0.1 1 0.02 0.16
Totals 424 0.76  2.11 0.12
Duration in months 21.2
Des required for duration (ave) 1.20
Eng required for duration (ave) 0.43
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CPS Installation

KLONG CPS Installation

Task

Remove old equipment
Crates
microscope
Hodoscope
Beamline

Install CPS
Install Concrete Base
Install rails
Install support structure
Install magnets
Install Power Supplies
Survey and alignment
Install radiator
Install partial shielding
Test Magnets
Survey and Alignment
Install remaining shielding
Install cooling system
Install Perm Magnet
Install beamline & windows
Install New Girder
Setup and test controls
Final Survey

Totals

Duration in months

Techs required for duration (ave)
Eng required for duration (ave)

Techs with overhead for safety and training

Hall D K-L

.ge on Lab

Days

Duration

U W w v,

20

150
o5
2.61
0.18

3.13

0.1
0.1
0.1
0.2

0.1
0.3
0.3
0.2
0.1
0.2
0.3
0.2
0.2
0.2
0.2
0.4
0.2
0.2
0.1
0.1
0.1
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0.002
0.0012
0.0012

0.004

0.004
0.0048
0.012
0.008
0.002
0.0016
0.0024
0.016
0.004
0.0016
0.016
0.016
0.0032
0.004
0.0012
0.008
0.0008

0.114

FTE

Tech

0.06
0.04
0.02
0.06

0.04
0.05
0.12
0.12
0.06
0.01
0.02
0.32
0.04
0.01
0.32
0.12
0.05
0.06
0.04
0.08
0.01

1.63

0.12

FTE

Facilities S&A

0.01
0.02

0.01
0.01

0.01

0.01

0.01

0.01

0.07




Civil requirements

» Collimator Floor Capable of supporting additional 100+
Tons

» Tagger Hall Floor Capable of supporting additional 120+
Tons

» Facilities will re-evaluate when final weight is determined

» Facilities to install concrete pier
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o Existing Pair
Existing Target Assy Spectrometer Magnet
1 Proposed MRI
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Status

Collimator Cave Final Drawings 95% Complete
Preliminary Thermal Analysis Complete for CPS
Integrated Installation Plan Needed

Beamline Requirements set

Flux Monitor in Conceptual Phase - Proposed MRI will fit

vV v v v v Vv

CPS Design Work to start Following ERR Approval
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Backup
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Cave Layout Elevation
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