Power absorber in CPS
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From meetings 12 and 26 June, 2020

SHIELDING AND MAGNET MODEL (Josh)

= Cu Core - was split into two pieces following advice from previous meeting
= No need to cut symmetrically, one side could be flat
= Ask Target Group about machining options
= Cooling of the Cu Core
= Action Iltem: Repeat cooling calculation using Josh's model (Gabriel)

= all cooling in W-Cu area: make flat, rectangular cooling channel outside (¢
= investigate optimal cooling by changing fractions of Cu and W-Cu areas u
» investigation includes both distance and water temperature (<100 degree
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CPS Core: Split vs Slot Shimmed, by Josh

CPS Core bifurcated on long axis CPS Core with slot and shim
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Cooling by water, by Gabriel

-
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Cooling by water

o Magnet Heat Transfer - Coil.xls [NON ) Magnet Heat Transfer - Coil.xls
= VAt A = o) = B & A = @
HOEH® « 0 & 9 RS A A | ) [100%l+] @ I HOE® x D & O RS A E i [100x[+] @
A Home Layout Tables Charts SmartArt Formulas Data Review A Home Layout Tables Charts SmartArt Formulas Data Review
| \ I | \ |
Edit Font Alignment Number Edit Font Alignment Number
5, [ v [l v[10 |v| = = ==||abcv =9 WrapText v | General 2 [&] Fin v Al bcv | = Wrap Text v | General
e . | | = == = p E . | F abc rap Tex
e OCIear' ‘B I U S v A MHE Merge ~ B2~ % | 9 2 B O Clear ¥ B I U Merge B2 % | 2 |53
H8 100 & c7 110 0 & w
T et i e Gl RS0 E 7 @ H T [ K FIA I C B E G H [ 1 T | K
1 Units Units Units = Units Units Units
|d 5 mm 0,016404 ft d 5 mm 0,016404 ft
L 15 m 15000 mm L 5m 5000 mm
_epsilon 0,000005 ft ~ |epsilon 0,000005 ft
Jnu 0,00001216 ft"2Isec “lnu 0,00001216 ftr2/sec
Coil Power [ Coil Power 10 kW
1 oo REAPd e, 7 ) [25AP d | £
2 N 2| 35 | =-2 —log,,
4 Voa43s L 37d 4 [2eAP 4 | Voa43z 3.7d
1 v V0433 1) =
11, 2.51 ‘ uf £P= ,]_‘__,”.: :7 | (_gpm \ 2
= 2 log L el “\ circuir | El 5 . 2 gl mm”—' 2
TV 37d o [1gAP d R Amd (o) vl e = 374 [Zgar 4 \¢ / i
1 v Vo433 £ ) _‘(w;,] h ¥4 Ix““” rE xm“““ -~ v Vouss L ’»u
i 3] ‘
= £ _ . 251 Z £ 2.51
: 3Td g AP o &* 3.7d " d |2gAP d
i v Vo433 L) = v Vo433 L |
d b
] 5
DeltaP f v Re q DT 5 | DeltaP f v Re
i - - q DT
_(psi) (ft/sec) (no units)  (no units) (ft/sec) (gpm) (deg.C) \2 DP o T - -
30 121954824 0001608 5567416 0032032 6814123 9192453 0646293484 1763905 6,814123 B e a5z s 000a15]. SO THETATS] TeskzEe| TR A ebeEATE] S e
1 35 131726266 0,001495 5650804 0031317 7.443594 1004163 0705996374 1614739 7,443504 = , 2 4 d : : : > 3
g 351 1317262661 00014551 06506041 0.031917] 743094 10041831 0.705996574]1 1614759 Jatet a 35 228156585 0000898 6093574 0,026931 13,90289 1875541 1318635831 28.81766 13,90289
] D O s s vl 40 2143909649 0,000845 6146081 0026473 1499088 2022314 1421827909 26.72616 14,99088
] o 2 I M R L SN T T Somrn [ 45 25870525 0000802 6192113 0026081 1601932 2161054 1519371267 2501035 16,01932
1 55 165127613 0001209 5835046 0029371 9.635272 1299827 0913868664 124.7444 9,635272 i 50 272699278 0,000765 6,233055 0,025739 16,9975 22630,12 1612147442 23,57105 16,9975
q MR T MR R T TP R IR o 55 286009415 0000733 6269892 0,025438 17,93248 2419145 1700827349 22,34207 17,93248
1 65 179512641 000119 5902457 0026703 1059566 14293,85 1004957392 1134376 L 60] 2.96727062] 0,000705] 6.303351] 0.025163] 16.62962 25401.98| 1.785935998| 2127736
d B e o o I o e 5 65 310925015 0000681 633398 0,024926 19,69393 26567,69 1867893618 20,34377
a T i | a2 5 70 322662137 0000659 6362206 0,024705 20,52843 27693.46 1947042942 1951678
d T e O o ot 1 Sooas o e T ooy 7 75 333987042 0000639 6,388367 0,024503 21,33632 28783.32 2,023667959 18.77778
i 85 205280559 0,000980 6,00983 0,027687 12,33701 16643 1170118503 97,42603 3 80} 3449403341 0000622 6.412733| 0024317 221201] 29840,67) 20380071871 18,1243
1 90 211231952 0000963 6,032559 0027479 1274269 1719027 1208595472 94.32436 | 85 3,55556357 0,000606 6,435528 0,024145 2288193 308684 2,170263313 17,5094
d O e e e T ot —greess i 90 365864473 0000591 6456933 0,023985 23,62362 31868,97 2240610347 1695966
] 100 222658028 0,000918 6074307 0,027102 1352493 1824553 1282788032 88.86893 L] 95 3,75690014 0000577 6477103 0,023836 24,34676 52844,53 2309199031 1645592
1 105 2,28156585 0,00898 6,093574 0,026931 13,90289 1875541 1,318635831 86,45298 | 100 385655017 0,000565 6,496165 0023697 2505279 3379695 2,376161001 15,99218
E d e e B e e el e 3 105 395178797 0000553 6.514232 0.023565 25.74286 34727.88 2.441612031 1556349
July 6, 2020 Woijtsekhowski 6



R R A LS R AR RS A== CPS Power Deposition Density[kW/cm3]-18.0<z<-17.50m
Bin Size= 0.5x0.5x5 mm Power = 0.64 kW
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Compact Photon Source

Permendur pole

2x20 mmZ2 opening .

Power 30 kW x 750 A

32 mmgap 2.0 Tesla Cooling water lines

W Cu power
absorber and
radiation shielding
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Thermal elongation and related stress

Copper thermal expansion, a = 17 -107° per deg. K

Copper Young module, £ = 1.2 - 10° kg/cm?

O0l=a-AT -1 ~17-107% x 400 x 200 = 1.4 mm

O'ZE°%ZO&°AT-E:

171079 x 400 x 10°% atm = 7200 ~ 10 x o,
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Thermal elongation and stress

PROBLEM 3: FIXED-FIXED BEAM

PREVIOUS HOME NEXT

The equations for all 3 thermal load cases are shown below, the colors represent temperature field (white is

high and black is low). The equations give the axial deformation u of the beam, the deflection w of the beam,

and the axial stresses in the beam.

Boundary Conditions:

u(x=0)=0
w(x=0)=0
B(x=0)=0
u(x=L)=0
w(x=L)=0
Bl=L)=0
Case A: Case B: Case C:
I | —
u(x) =0 u(x) =0 u(x) =0
a x* X
w(x) =0 w(x) =0 w(x)=—ﬁAT(ﬁ—2T+x )

x aEAT x? x
o(x,y) = —aE AT | oy (x,y) = —aE AT —| oy (x,y) = Z(12— - IZE + 1)

: L 2 H\ ‘12
! Buckling ! | Buckling |

:
..
L —————
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Reduction of the deformation risk
by a few design changes

Current shape Proposed shape - Y segmentation

Y\

Heat A central block of 12x12 mm?
flow with a 3x3 mm? hole
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Reduction of the deformation risk
by a few design changes

Current shape

Z-segmentation, 1 cm plates, 0.5 mm gaps

I II I )
T

max

oy~a-T - Ay/2=0.1mm

—
=
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A)
B)

D)
E)

G)

Reduction of the deformation risk
by a few design changes

1) Z-segmentation of the absorber

2) Moderate (2 atm) compaction pressure

3) Zn coating of the Cu plates for contact/sliding

4) Tilted bottom side by 0.2 degree, with a step at the end
5) Wider magnet gap => less up-down difference

6) 10-20 cm longer magnet, reduce field, lower T __,

Proposed development plan

Calculate field for longer magnet with wider gap
Calculate 3D power distribution for modified scheme
Calculate 3D temperature field in the absorber and poles
Calculate stress distribution in the segmented absorber
Design of a simplified test setup for temp. cycling

Built a prototype (without a magnet)

Test is with 5 seconds with 30 kW pulse

Wojtsekhowski
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