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0.5 inch antenna



SS surface Al gasket surface Cu surface #1 Cu surface #2

Cu surface #3 Cu surface #4 Cu surface #5



(W) ,P = 0.5W 200 kW

0.267
0.071
0.072

0.508

0.092

0.107

0.00061

Total  = 1.12W

Losses in surfaces:

Highest losses in SS and Al surfaces. 
Direct electrical contact between coupler Cu insert and acc. cavity flange will reduce losses significantly.

Losses with direct contact: Cu #4 + Cu #5 = 0.108W



0.75 inch antenna.



(W), P=0.5W 200kW

0.352

0.093

0.093

0.120

0.139

0.0008

0.598

Total  = 1.396W 

Losses with direct contact: Cu #4 + Cu #5 = 0.140W

Losses in surfaces:



Wall 4K, W 70K, W 293K, W

0.6mm 0.38 3.8 -4.2

0.8mm 0.51 5.1 -5.6

Rough estimates of static losses



Thermal simulation 200 kW, TW, 
Air 6g/s.

Case “4K” “50K” “293K”

50K 0.26 W 4.0 W -0.86 W

70K 0.47 W 3.6 W -0.79 W

Case “4K” “50K” “293K”

50K 2.09W 30.4W 5.8W

70K 2.33W 30.0W 5.9W

200 kW, TW

Static



“4K” “50K” “293K”

Static 0.27 W 4.9 W 0.36

200 kW, TW 2.97 W 19.8 W 11.4W



“4K” “50K” “293K”

Static 0.27 W 4.7 W 0.40 W

200 kW, TW 1.16 W 19.8 W 11.4W

No gap between cavity flange and coupler flange.
Project 4_inch_thermal_4_200kW



“4K” “50K” “293K”

Static 0.21 W 4.9 W 0.37 W

200 kW, TW 0.79 W 20.6 W 11.4W

Penetration of shield in to coupler port 16.8mm, 97.3 mm ID of SS tube, full flange contact.
Project “5inch_thermal_2a”



5mm longer penetration of shield in to coupler port (21.8mm), 97.3 mm ID of SS tube, full flange contact.
Project “6inch_6_thermal”

“4K” “50K” “293K”

Static 

200 kW, TW 0.63 W 20.4 W 11.4W



“4K” “50K” “293K”

Static 

200 kW, TW 0.53 W 20.4 W 11.4W

10mm longer penetration of shield in to coupler port (26.8mm), 97.3 mm ID of SS tube, full flange contact.
Project “4inch_7_thermal”



10mm longer penetration of shield in to coupler port (26.8mm), 101.3mm ID of SS tube, full flange contact.
Project “4inch_8_thermal_a”

“4K” “50K” “293K”

Static 0.22 W 4.8 W 0.39 W

200 kW, TW 0.46 W 20.2 W 11.4W
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Total cryogenic loading to 4K for 200kW, TW
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Da =  97.3 mm, Ds = 67.1 mm.
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New slides of 07/23/2020



RF configuration of 200 kW coupler

“C:\CST_projects\IARC_coupler\DIR_iris\Total_vac_part_materials_holes_cold_copper_acc.cst”File:

Parameters of materials:

“copper”,  5.8E+7 S/m

“cold copper”, 2.5E+8 S/m

“Stainless steel”, 1.6E+6 S/m

“Al”, 7.2E+7 S/m

“Super Cond.”, 5.8E+20 S/m 

“Ceramics”, Loss tng = 1E-4



“C:\CST_projects\IARC_coupler\DIR_iris\Total_vac_part_materials_holes_cold_copper_acc.cst”File:

52.3 133

Part Losses, W 

“Cold copper” 13.35

“Stainless steel” 0.16

“Al” 3.5E-4

“Antenna” 171.8

“Ceramic” 17.17

“Outer cnd,  vacuum 11.80

Losses for 200 kW, TW



File: “C:\CST_projects\IARC_coupler\DIR_iris\Total_vac_part_materials_holes_cold_copper_acc_longer_30mm”

Part Losses, W 

“Cold copper” 15.25

“Stainless steel” 0.34

“Al” 2.3E-3

“Antenna” 180.1

“Ceramic” 17.29

“Outer cnd,  vacuum 11.76

Losses for 200 kW, TW



File: “C:\CST_projects\IARC_coupler\DIR_iris\Total_vac_part_materials_holes_cold_copper_acc_40mm_isert”

Part Losses, W 

“Cold copper” 12.58

“Stainless steel” 0.24

“Al” 5.3E-4

“Antenna” 171.7

“Ceramic” 17.3

“Outer cnd,  vacuum 11.80

Losses for 200 kW, TW



Thermal configuration of 200 kW coupler



Air, H5



Nb NbTi

Al

SS Cu

Ceramic, 26 W/m/K

50K strap, 4.2 W/m/K

RT strap, 0.76 W/m/K

H1 = 165 W/m2/K (200kW)

H2 = 68 W/m2/K (200kW)

H3 = 140 W/m2/K (200kW)

H4 = 33 W/m2/K (200kW)

H5 =5 or 10 W/m2/K (200kW)

Water, 2000 W/m2/K



52.3 133

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1.cst” 

50K strap, 2.1 W/m/K

P = 0 kW

50K



16352.3

50K strap, 4.2 W/m/K

P = 0 kW

File: “C:\CST_projects\IARC_coupler\DIR_iris\ Teplo_Total_vac_part_materials_1_0kW_TW_cold_copper_8_50K_straps_30mm_longer” 

50K



13340

File: “C:\CST_projects\IARC_coupler\DIR_iris\ Teplo_Total_vac_part_materials_1_0kW_TW_cold_copper_8_70K-straps_water_40mm_insert_static” 

70K strap, 4.2 W/m/K

P = 0 kW



133
52.3

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1_200kW_TW_cold_copper.cst” 

50K strap, 2.1 W/m/K

P = 200 kW, TW



133
52.3

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1_200kW_TW_cold_copper_8_50K-straps” 

50K strap, 4.2 W/m/K

P = 200 kW, TW



16352.3

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1_200kW_TW_cold_copper_8_50K_straps_30mm_longer.cst” 

50K strap, 4.2 W/m/K

P = 200 kW, TW



13340

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1_200kW_TW_cold_copper_8_50K-straps_water_40mm_insert.cst” 

50K strap, 4.2 W/m/K

P = 200 kW, TW

50K

T_straps = 50K



13340

70K

50K strap, 4.2 W/m/K

P = 200 kW, TW

T_straps = 70K

File: “C:\CST_projects\IARC_coupler\DIR_iris\Teplo_Total_vac_part_materials_1_200kW_TW_cold_copper_8_70K-straps_water_40mm_insert.cst” 



Window temperature, 200 kW, TW.

0 W/m2/K

0 W/m2/K



2000 W/m2/K

0 W/m2/K

Window temperature, 200 kW, TW.



2000 W/m2/K

165 W/m2/K

Window temperature, 200 kW, TW.



Antenna temperature,
200 kW, 10% refl.

Position, mm
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200 kW, 10% reflection.
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Air

Thermal-stress deformation
Plots normalized at Max. Stress 100 MPa

Water
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Air

Water

ASME BPV Code Section VIII Division 1,2

Code Section II Part D Mandatory Appendix

S= min
𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

3.5
,
2

3
∙ 𝑌𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

σ𝑚𝑎𝑥~40.5𝑀𝑃𝑎

σ𝑚𝑎𝑥~42.7𝑀𝑃𝑎

For ceramic allowable stress is defined 

by ultimate (tensile) strength value

For 98% 𝐴𝑙2𝑂3 σ𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 ~ 200 𝑀𝑃𝑎

σ𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 ~ 57𝑀𝑃𝑎

Stresses along blue line

Stresses along blue line



Stresses in window for 200 kW, 10% reflection.

Air, Air

Max. stresses in copper sleeve: ~ 110 MPs
Max. stresses in ceramic: ~ 40.5 MPa (stretching)

Water, Air

Max. stresses in copper sleeve: ~ 60 MPs
Max. stresses in ceramic: ~ 42.7 MPa (compressing)



Air part of coupler.

File: “C:\CST_projects\IARC_coupler\Dir_waveguide\W3_materials.cst”

Copper, 5.8E+7

Al, 3.56E+7

Kapton, loss tng 1E-3





P = 0.5W, TW, max E = 550 V/m, max H =  1.7 A/m

P =200 kW, full reflection, max E = 7.0 kV/cm, max H = 0.022kA/cm



Losses, 200 kW, TW and full reflection:

Case Total lss, W Inner cnd, W Waveguide, W Kapton, W

TW, 201.6 82.6 102.0 2.34

Full rfl, 0dgr 325.6 149.2 137.6 4.40

45 dgr 222.0 102.4 86.4 1.18

90 dgr 224.8 92.8 104.0 0.008

135 dgr 332.4 125.6 180.8 1.57

180 dgr 480.0 182.0 271.2 4.96

225 dgr 584.0 228.4 322.4 8.18

270 dgr 582.4 238.0 304.8 9.36

315 dgr 476.0 205.2 228.0 7.80



File: “C:\CST_projects\IARC_coupler\Dir_waveguide\Total_RF_1.cst”



Parameters of materials:

“copper”,  5.8E+7 S/m

“cold copper”, 2.5E+8 S/m

“Stainless steel”, 1.6E+6 S/m

“cold Al”, 7.2E+7 S/m

“Super Cond.”, 5.8E+20 S/m 

“Ceramics”, Loss tng = 1E-4

“Al”, 3.56E+7 S/m

File: “C:\CST_projects\IARC_coupler\Dir_waveguide\Total_RF_1_acc.cst”

“Kapton”, Loss tng, 1E-3



4K

50K

293K

Water
(2000 W/K/m2)

Water

Water

Water

Water

Total geometry, thermal configuration.



H1

H2

H3

H4
H5

H6

H7

H8

H9

H10

H11



Nb NbTi

Al_10K

SS Cu

Ceramic, 26 W/m/K

50K strap, 4.2 W/m/K

RT strap, 0.76 W/m/K

H1 = 165 W/m2/K (200kW)

H2 = 68 W/m2/K (200kW)

H3 = 140 W/m2/K (200kW)

H4 = 32 W/m2/K (200kW)

H5 =10 W/m2/K (200kW) Water, 2000 W/m2/K

Al, 237 W/K/m

Kapton, 5 W/m/K

H6 = 10 W/m2/K (200kW)

H7 = 2000 W/m2/K (200kW)

H8 = 165 W/m2/K (200kW)

H9 = 5 W/m2/K (200kW)

H10 = 2000 W/m2/K (200kW)

H11 = 2000 W/m2/K (200kW)



200 kW, TW

T along ceramics

T along antenna

Losses in antenna 228 W

Losses in ceramics 19.4W



200 kW, 10% reflection, 0 dgr

T along ceramics Losses in antenna 281 W

Losses in ceramics 33.7W

T along antenna



200 kW, 10% reflection, 45 dgr

T along ceramics Losses in antenna 269 W

Losses in ceramics 28.7W

T along antenna



200 kW, 10% reflection, 90 dgr

T along ceramics Losses in antenna 247 W

Losses in ceramics 19.8 W

T along antenna



200 kW, 10% reflection, 135 dgr

T along ceramics Losses in antenna 226 W

Losses in ceramics 11.4 W

T along antenna



200 kW, 10% reflection, 180 dgr

T along ceramics Losses in antenna 220 W

Losses in ceramics 9.2 W

T along antenna



200 kW, 10% reflection, 225 dgr

T along ceramics Losses in antenna 232 W

Losses in ceramics 14.1 W

T along antenna



200 kW, 10% reflection, 270 dgr

T along ceramics Losses in antenna 255 W

Losses in ceramics 23.4 W

T along antenna



200 kW, 10% reflection, 315 dgr

T along ceramics Losses in antenna 275 W

Losses in ceramics 31.5 W

T along antenna



200 kW, 10% reflection:

Max. window temperature:  ~ 317 K  (44 C).
Max. power loss in ceramic (loss tng. 1E-4): ~ 32 W.
Max. antenna temperature: ~ 395 K  (122 C).
Max. power loss in antenna: ~ 280 W.
Max. temperature of antenna tip: ~ 353 K ( 80 C )


