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I. Executive Summary

The purpose of this analysis is to examine the heat transfer characteristics of a local model of the lead area of the modular coil during and after an operational pulse.  Each pulse generates a tremendous amount of heat in the winding coils that must be removed by cooling tubes in the lead block such that the lead area return to a baseline cryogenic temperature of about 90 K (-183 C) within 15 minutes.  
II. Assumptions

· Initially temperature of all components = 80 K (-193C) 
· Heat from the pulse is imposed as a uniform volumetric heat generation (6.67 E7 W/m3  for 1 sec).  on the Cu/epoxy winding pack.  
· Heat transfer from/to the other copper jumpers is ignored since relatively thick pieces of G10 insulate them.

· Heat is also generated in the copper jumper and end copper connections.  Heat generation terms of 5.84E6 W/m3 and 2.64E6 W/m3 are applied to the copper end connector and the copper jumper, respectively, for one second.  This corresponds to 4.16 KAmps/turn at 2 Tesla for the winding.  The heat gen applied to the copper pieces are estimated on the high side as they were calculated with the max area available, (no holes, radius included).
· Cooling from the fluid in the tubing is imposed as constant temperature of 80 K (-193 C) throughout the 15 minute cycle(s).
· Radiation exchange with other surroundings is negligible.

· Material properties are temperature dependent (see table below in material property section)
III. Analysis Methodology and Inputs

For this study, the maximum temperature of the coil must return to approximately the same starting temperature of 80 K after 15 minutes.  Although, there is no definitive temperature limit defined, it is generally accepted that the temperature should reach steady state equilibrium of less than 95 K in the windings when considering ratcheting temperatures after each successive pulse.  This ensures that the liquid Nitrogen in the cooling tubes will not see a large delta T across its outer boundary and thus boiling will not occur.  To be conservative the same temperature limit is applied to the lead area.   The model is a representative 3d section of the lead area consisting of cladding, copper blocks, winding and insulation for a half of a jumper connection.      
Software and data files

The model is constructed in Ansys 11.0 and all of the preprocessing and post processing is done within the Ansys Workbench environment.    

Drawings and models

ProE model SE142C-050 was used to create the ANSYS model s in this study.
Material properties

The temperature dependent material properties are listed in Table 1. For modeling and meshing purposes it is necessary to model the epoxy layer between the copper chill plates and the copper triangular piece as thicker than it is in reality.  Otherwise, an extremely large mesh is produced.  The glue is 0.05” thick in the model and is approximately 0.02”. Thus, the conductivity has been multiplied by 2.5 to account for this scaling factor. 

Table 1: Material property data 


[image: image1.emf]Material Properties

Cp (J/kg K)

80 K 100 K 150 K 200 K

Winding cable 171.4 212.3 270.1 300.7

Cu Cooling Plate 205.1 255.3 324.1 359

Insulation 348.9 413.7 537 626.8

SS Tee 215.3 275.5 362.1 416.4

glue 348.9 413.7 537 626.8

K (W/m K)

80 K 100 K 150 K 200 K

Winding cable (x, y direction) 7.5 7.5 7.5 7.5

Winding cable (z direction) 300 300 300 300

Cu Cooling Plate 529.3 461.5 418.1 407

Insulation 0.227 0.252 0.396 0.322

glue (4 * insulation) 0.91 1.01 1.58 1.29

SS Tee 8.114 9.224 11.17 12.63

Density (kg/m^3)

80 K -200K

Winding cable 7028

Cu Cooling Plate 8900

Insulation 1200

SS Tee 8030

glue  1200


Model setup

· The Cad models and the real world lead region pictures are also shown in Figure 1 for reference.  Only half of the lead terminal area is modeled as it is symmetric about its central axis.  A detailed view of the elements and model are shown below in Figure 2.  There is some question as to the thickness of the epoxy layers in the lead region.   The manufacturing plan is to have the copper cladding touch the copper triangular piece with little to no gap between the to of them.  There is most likely a slight gap between the two pieces that the epoxy would be pumped into during potting.  To be conservative this gap is estimated at a rather large0.02".  The other interface where uncertainty arises is the contact between the winding insulation and the vertical copper piece.  Here, the thermal contact resistance is estimated at a conservative 10e-4 m^2-K/W. (ref Fundamentals of Heat and Mass Transfer, 4th ed, 1996 pg 81).


[image: image2]
Figure 1:  Cad and real world views of lead area
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Figure 2: FEA Model and Mesh
Thermal analysis setup

A transient thermal analysis was run on the representative lead section shown above.  Initially, all temperatures are set to -193 C (80 K), cryogenic conditions.  The heat generation term of 6.67E7 W/m3 is applied to the winding cables for one second and then the model is allowed to cool by means of a constant temperature of -193 C (80 K) applied to the cooling tube pad area on the cladding, indicted in Figure 2, for 15 minutes.  The process is then repeated with the final nodal set temperature from the previous 15 minute cycle used as the beginning temperature set of the next cycle.  This process is carried out for 10 cycles so that a steady state equilibrium can be reached and the effect of ratcheting is known.   
IV. Results

[image: image4]
Figure 3: Model temperature distribution after 1 second.

[image: image5]
Figure 4: Model temperature and profile distribution after 15 minutes.

[image: image6]
Figure 5: Jumper temperature and profile distribution after 15 minutes.

[image: image7]
Figure 6: Winding distribution doing the first pulse and cool down.


[image: image8]
Figure 7: Ratcheting of lead jumper

V. Discussion

· Questionable contact between copper strip and winding cable shown in picture.  A conservative contact resistance was used to model this interface.
· A conservative epoxy thickness was also used between the claddings and the triangular copper strips, who may in fact be pressing against each other in reality with little to no epoxy separating them.
· The entire model cools to within 5 degrees after the first shot but the terminal only cools by 0.5 degrees from its peak value after the shot. 

· The ratchet is only 20 degrees for the terminal after 10 cycles and begins to reach equilibrium after about the 8th cycle.

· In order to eliminate the heat ratcheting we would have to actively cool the leads by dripping LN2 over them or by allowing convection (forced or natural) around the lead region.  However, any amount of convective cooling coefficient would help.
· Given that the modular coil itself (shown in the Appendix) ratchets by 12 degrees, the lead area may be acceptable as currently designed as it only ratchets by 20 degrees. 

· A future effort would be to include the cooling from the windings if the temperature rise is deemed unacceptable. This could be done by extending the winding form in this model, then mapping the cool down to the end of it.  
Appendix: Modular coil cooling Analysis: for reference only.
The results from the earlier modular coil analysis are shown below in Figures 8-10. 
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Figure 8: Temperatures during the 10th shot for a 15 minute cool down period
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Figure 9:  After 10th cycle fro a 15 minute cool down period (winding and tee isolated)
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Figure 10: Temperatures ratcheting for a 15 minute cool down period















Single jumper isolated in CAD 
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Cad Model of Leads











T = 30 sec





T = 300 sec





The curve is beginning to level off after the 8th cycle.





The Ratchet is about 20 degrees after the 10th cycle. 





T = 60 sec





T = 1 sec





Temperature rise less than 7 degrees for the jumper but there is very little cooling from conduction here.





After 15 mins the model cools to -187.3 C (delta T of 5.7 degrees)





Conductor sees a 44 K rise


Terminal block rises by 3.6 degrees









[image: image13.png]I SE140-101_ANAL Rev: main/WIP/0/6+ (Active) - Pro/ENGINEER (S/a]]

e 1

SIMPLFD REP: ANALYSIS

INSER T MODE

metry; using defaul




[image: image14.png]


[image: image15.png]


[image: image16.png]Workbench [ANSYS Multiphys

i [roject] | ) Model Smuaton]  x L

| Fie et view Unts Toos Heb || 1 (5 bl (6 | @ b [ | Elvewanshsis - fsove - | tA b

[ Rrraonle(craaamaaxnOd-

[Resst_0 (utoscoe) v @~ B @ 7 | w0 mw | wopeke

= ~ ?@selection -~ Q visbilty ~

ok Convrson [pcesterton Slo st -0 s -

Outine for Model ®
T Model ~ | Temperature 2 MSYS
B Geometry Type: Temperature

A Coordinste Systens Units°c
@ comectons T 1
8 vesh Max: 148,66
/(@] Transient Thermal Vins 153
/72 kil Condiion

/AL Analysis Sttings g
9 Temperature 2

8. oterl et Generaion
8 oternl ek Generation 2
8 oterml ek Generation 3
5. et Fow s
3. best Fow 2

715 st Fow 4

15359

1 Tenperatre L
B Commands
=/ Solution
/(31 Solution Information 16837
/B Temperature.
/@ Temperature 2 az

8 Tenperaure
80 Tenperaure 4
78 Tempersines 722
8 Tenperaure &

80 Tenperaure 7

chart 2 8315
Detais o “Temperature 2 ® ¢
[E[scope = 0 y
Geometry [AlGodes
= |Definition 193
Type Temperatire
Diplay Time 1s
| Results Geometry A/ == APrint Preview A\Report Preview, ]
Hirimum ECRS
— e Tinelne. B Tabular Data
= Tine [51 ][ Miimum [°C1 [ Madnum °CL
Viinam carson | EPORTEE] [ o [0 1] @ s0ames 2sec o) [ eI -
Maximum Occurs On |142C046_ANALT1SS, 130 X 0z s 182,34
Information 148,65 EERET) -177.51
04 1 17234
05 1 16859
160 06 -1 16438
07 1 160,29
19335 0 -1 156.32
0. s 0. @5 s es 70 son TR v

155, 148,66

L 2 1 -193.02 -155.4
\ Hessages Timeline | 12| 12087 13502 15644

press Fi for Fiob [ [0 o Messages [No Selcton [t (m, kg, W, °C, 5, ¥, A)




[image: image17.wmf]-200

-190

-180

-170

-160

-150

-140

0

150

300

450

600

750

900

Time (sec)

Temperature (C)

max temp

[image: image18.png]Workbench [ANSYS Multiphys

ds [Project]

© Model [simulaior]

| Fie et view Unts Toos Heb || 1 (5 bl (6 | @ b [ | Elvewanshsis - fsove - | tA b
[ Ry RR@-(seaaamgaax i
Jnem 0. (huto scae) S @B | w|
= ~ PBselection ~ Q visbity ~
e converson [accolraton e -0 s
Outin for "ol »
5 @l Model ~ | Temperature2 MSYS
/& Geometry Type: Temperature:
K Coondnate Systems Uni o
@ Connections Time: 900
7 tesh Max: -187.34
/(@] Transient Thermal Vin: -193.02
/73 Tl Condiion
A dinalysi Settings 16734
79 Tempercture 2
T8 IncermalHeat Generation
D8 Interal Heat Generation 2 e
V8 Interal Heat Generation 3
5. Heat Flow 53
S beat Flow2
5 Heat Fon 4
31 Temperature 16924
B Commands
-l Solution
/31 Solution Information B
8 Temperature
78 Tempersture 2 E5
78 Tempercture 3
78 Tempercture 4
78 Temperature s o113
V8 Tempercture 6
78 Tempercture 7
A chart v e1.76 .
Detals of “Temperature 2 »
=/ scope. -192.39 / >
Geometry [AiBodies ;
= Definition 5302
e Tenperatire
Display Tie 00, 5
(5[ Results Geometry A/l i= ) Print Preview \Report Preview, |
Vi sz
e Timeine B TabudarData [
Minimum Occurs On_|EPORYL7ES] | animation - W0 || 101 | @ 10Frames | 2 sec (auo) TJZMZ%WM =
Wiaxinum Occurs On [ SE142C 051181, 196] a00, oo F
Information 4665 EERET) 775
04 1o, 17254
s 1o 16659
120 06 1o 16438
07 o, 16029
193,36 0.5 -193, -156.32
0. s o WS s e 7. o oM e
153 -u4ees
[ 2 ] 15302 1554
s i & g
press i for Felp [ [0/ Messages [io Selecton [etric (m, kg, 1, °C, 5, ¥, &) Y




[image: image19.wmf]-193

-192

-191

-190

-189

-188

-187

-186

0

150

300

450

600

750

900

Time (sec)

Temperature (C)

max temp

min temp

[image: image20.png]Workbench [ANSYS Multiphys

ds [Project]

© Model [simulaior]

Fie Edt tiew Unis Toos Help || 1 (5 el [ | @ Do () | (Caew hnaysis - fsawve - | tE md
[RernERAScra@a@ma a®sd-

-®- 8-

[ o

= Diselcton @ Visbiky

J
| &
JResu\t 0. (Auto Scale)
[
I

Unit Conversion [ acceleration e =0 mjs -
Outine for Mack ®
G Ve ~ | Temperature s MLSYS
£4(0] Transient Thermal Type: Temperature.
/720 Intial Condition Unit °C
Analysis Settings Tine: 500
b R— Max: -187.34
7B, InternalHeat Generation Vi -167.41
7. InternalHeat Generaton 2
7. InternalHeat Generaton 3 18734
T, eat Fiow
. Heat Fon 2
x% >
U, eat Flow 4 e
X3 Temperature
VB Commands TS
il Solution
/31 Sobtion Information
18 Temperature 5736
78 Temperature 2
780 Temperature 3
780 Temperature 4 8737
780 Temperature s
78 Temperatre o
78 Temperature 7
Chart
Chart 2 16738
Chart 3
< s 18739
v
Detals of Temperature 4 ® A
= [Scope 874 y
Geometry |1 8ody
= [Definition —ta7.41
Type Temperature
Dislay Time |90, 5
(5|Results Geometry {0 5 == )\Print Preview )\Report Preview, 1
Vinimum 187,41 C
Maximum |-187.34 °C Timeiine 2 Tabular Data 7
Information | animation po-| w1 |0 101 | @ 10Frames = 250c (Auto) || Tmels1 ([ lnimum [°C1 [ Maximum (°C1 ~
01 128 192,65
900, 0z s -192.23
18676 FERNET) 19175
04 2 19133
e 0.5 -192.28 -190.87
191, 06 5214 15041
07 o9 18335
-152.86 0.5 -191.85 -189.49
0. 15 z0. @5 s es 70, s0n o )
I 3 19157 gt
2 -191.17 -188.28
© e e —Ren e B v
Press F1 for Help [ 207 o Messages [io Selction [etric (m, kg, 1, °C, 5, ¥, &) Y




[image: image21.png](1N AN5¥5 Workbench [ANSYS Multiphysics

©) Mo [Simustion] X 4

| Fie et view Unts Took Heb || 1 (5 bed (6 | @ Do [ | Elvewanshsis - fsove - | tA b
(R rnERAlecraaama a® a0

[Resst_0 (utoscoe) v @v B - 7 | w0 o |

=] ~ ?@selection -~ Q visbilty ~

| unit Conversion  acceleration o ] o mjs? -

& Geometry

2K Coordinste Systems
A8 Connections

A8 Mesh

5] Transient Thermal
/72 kil Condiion
/AL Analysis Sttings
9 Temperature 2
8. oterl et Generaion
8 oternl ek Generation 2
8 oterml ek Generation 3
- /@ solution
/3] Solton Infrmaton
8 Temperature
8 Temperature 2
8 Temperature 3

Temperature
8 e
Chart 2 e
153 16157 7.4 771 -187.72Min
148,32 Max 157.29 16586 17443 153
| I S — E
b ‘ ‘ ] 2N 4
0.0m 0050 0.100m)
[ )
Detas of “Temperature® ® 0.025 0.075
[E[scope
Geometry |1Body Geometry Aiorksheet \Print Preview AREport Preview, |
= |Definition Tinelne 2 Tabuler Dot 2
Type Temperature aimaton o P = S Tine (51 ][ Mnimum [°C1[[v Meximum| A
il e 1.5 enman b [ 9 s e R
5| Results 1 12.967_-189.92 156,25
= e 4832 15983 -189.96 -157.43
i 21535 18993 15335
Mainun |-148.32 °C o 2522 067 632
Information 635 1299 -166.73
5.237 18971 721
17 61439 18964 173,64
75785 18957 7701
a0 93,003 -189.51 160,29
11424 -189.46 18339
14176 -189.44 16613
19284 178,05 189,44 168,33
o 125, 250, ES £ s, 750, £ 21435 -t90.62 189,45

21322 19171 18951
%312 -192.38 -189.62
45302 19264 m74 ¥

[ 2z 1

\ Messages. Timeline.

press Fi for Fiob [ [0 o Messages o Seection [rerc (m, K, G, 5, ¥, )




[image: image22.png](i ANSY5 Workbench [ANSYS Multiphys ®
ncsx_trans leads [Project] | () Model[Simuetion] X ap
| Fie ede vew unks Tooks v || 1 03 [ B | @ Do [ | Clnewanayss - fsobe - | 1A st
[-[r v hAlels+aqamaaEeid-
JResu\t 0. (Auko Scale) T ®-B-8- 5 | ®mw|
= = Gseection ~ @ vty ~
| unit Conversion ~ acceleration v o o mjs? -
Outine for Madk 2
@ o] = | temperature MSYS
Coordnate Systems Type: Temperature
8 Connectons Uit °C
i esh i
4[] Transient Thermal M 148,66
/720 Intial Condition Min: -184.3
Analyss Settings
b R— 148,66
7R, tnternal Heat Generation
7. tnternalHeat Generation 2
7. toternal Heat Generation 3 BB
6B, Heak Flow
Y oot Flow 2 o
5B ek Flow 4
X Temperature 2 %
VB Commands 160,54
il Solution
/3] Sobtion Informtion ons
8 Temperaurs 4 =
780 Temperature 2 [
78 Temperature 3 e
780 Temperature 4
78 Temperature's
8 Temperaturee 7242
78 Temperature 7
Chart v
< 5 17638
A
Detals of Temperature” ®
e3¢ \
[E[scope B
Geometry |1 Body [
= |Definition 043
Type Temperatire
Display T |1. 5
5 Results Geometry A1N/oil== ) Pint Preview ;Report Preview,
Vinimum [ 184.3 °C
T o 5o Tinelne. B Tabular Data 2
aformation srimation m 1 10Frames = 25 (uro) [ JTme 1[I i 1]V Harimum ocl ~
nformat Jécmsin - m [ T S
0z 0 16234
14866 05 19004 7751
160 04 o1 17234
05 -2t 16859
160 06 -187.3 16438
07 s 160,29
19203 05 7 156.32
0. 15 z0. @5 s es 70, s0n bo —|roos Fon
1843 14866
[ 2 ] 107 1554
s, Demios—Lss g

press Fi for Fiob [ [0 o Messages [No Selcton [t (m, kg, W, °C, 5, ¥, A)




[image: image23.png]Workbench [ANSYS Multiphys

©) Mo [Simustion] X 4

ds [Project]

UnitConversion  Acceleation -0 [ mis* -

| Fie et view Unts Toos Heb || 1 (5 bl (6 | @ b [ | Elvewanshsis - fsove - | tA b
(R rnERAlecraaama a® a0
[Resst_0 (utoscoe) v @v B - 7 | w0 o |

= ~ ®sclection + Q Visbilty +

|

o8 EPOX[785] ]
Coordnate Systems

8 Comnctions

2 esh

5] Transient Thermal

/72 kil Condiion
Anlysis Setings

4 Temperatune 2

8. oterl et Generaion

8 oternl ek Generation 2

8 oterml ek Generation 3

5. st Fow

3. best Fow 2
5. st Fon
B4 Temperature
B commands

/i@ solution
/31 sslution information
/% [
/8 Temperature 2 [
V8 Temperature 3
V8 Temperature 4
V8 Temperature s
V8 Temperature s
V8 Temperature 7 Temperature
Unit °C
Detals of Temperature” 2| Tmera
= [Scope Max: 162,83
= [Definition 15258 16041 168.25 176,08 16748
14866 1565 16433 7216 a0
HLC oreonee {0 N S R S
Dislay Time |30. 5
5 Results Geometry Aol Print Preview AREport Preview, I
Vinimum 187,48 °C
Information [cmaton D[ W0 |01 | @ toFrames = 2o ) [Ty T I
s0. 0z 0 16234
-148.66 ;\I 03 -190.04 17751
160, 04 o1 17234
05 -2t 16859
; 07 s 160,29
-152.03 05 7 156.32
0. s z0. w5 s es 70 s0n bo —|roos Fon
1843 14866
[ B ] 107 1554
s Demios—Lss g
Press F1 for [ [0 o Messages [No Selcton [etric (m, kg, 1, °C, 5, ¥, &) A




[image: image24.png]Workbench [ANSYS Multiphys

ds [Project]

Fie Edt View Unis Toos Hel || ]

=

© Model [simulaior]

ewanyss - fsobe - | A

lo BB

RA R REE WSS Qae

Qa0

- ®- 8-

[ o

= Diselcton @ Visbiky ~

J
| &
JResu\t 0. (Auto Scale)
[
U Converson accolraton -0

Outlne for

oc

< EPORIL7E5] []
Coordnate Systems

8 Comnctions

2 esh

5] Transient Thermal
/72 kil Condiion
Anlysis Setings
4 Temperatune 2
8. oterl et Generaion
8 oternl ek Generation 2
8 oterml ek Generation 3

5. st Fow

:g, Heat Flow 2

3 Heat Flow 4

X3 Temperature

j% Commands
-l Solution
/31 Solution Information

78 Temperatire
78 Tempercture 2
78 Tempercture 3
78 Tempercture 4
78 Tempercture 5
V8 Tempercture 6
78 Tempercture 7

Chat v
< >

Detalls of “Temperature’ 2

o s -

[E[Scope

Geometry |1 Body

=) Definition

Type Temperature

Display Time [60. 5

=) Results

Temperature
Type: Temperature

Uniti °C

Time: 60

Max: -170.8

Min: -187.39

160,41

15258 -166.25

148,66 1565 16433

-176.08 -187.39

150

Geometry {10112 APiint Preview \Report Preview,

Winimum [-187.39 °C

D - ~ 250 () | Tme 1] M =1 [[v Meximum [l ~
Information eninsion - m [ 1011 | @ sor 2sec () | T o)
“te0, 0.4 -189.1 -172.94
= 07 -isess G023
19208 0.8 -185.77 -156.32
[ 2 ] 17 554

s, e & g

Press F1 for [ [0/ Messages [io Selecton [etric (m, kg, 1, °C, 5, ¥, &) A




[image: image25.png]Workbench [ANSYS Multiphys

©) Mo [Simustion] X 4

ds [Project]

Fie Edt tiew Unis Toos Help || 1 (5 el [ | @ Do () | (Caew hnaysis - fsawve - | tE md
[RernERAScra@ama a®sd-

0. (Auto Scale)

T®-E-®-F |wm|

= Diselcton @ Visbiky ~

UnitConversion  Acceleation -0 [ mis* -

J
| &
Reaie
[
I

Outine for Madk 2
Coordnate Systems
8 Comnctions
2 esh
/(@ Transient Thermal
/720 Intial Condition
Analysis Settings
53] Temparatire 2
7R, tnternal Heat Generation
7. tnternalHeat Generation 2
7. toternal Heat Generation 3
6B, Heak Flow
Y oot Flow 2
5B ek Flow 4
X3 Temperaturs v
VB Commands
/i@ solution
/31 Soltion information
D Temperature
8 Temperature 2 [
V8 Temperature 3
V8 Temperature 4
V8 Temperature s
V8 Temperature s
V8 Temperature 7 Temperature
Unit °C
Detals of Temperature” 2| meram
= [Scope Max: -185.33
= [Definition 15258 16041 168.25 176,08 18676
14866 1565 16433 7216 a0
HLC e {0 N S R S
Dislay Time |300. 5
5 Results Geometry Aol Print Preview AREport Preview, I
Pinimum 186,76 °C
B L Tinelne. B Tabular Data 2
Information [ acimaton B[ M |1 01| @ toFrames = oo (o) | [Tme 1[I Hiimum =1 [ Maximum [°C1 ~
01 15203 16749
s00. 0z 0 16234
14866 05 19004 7751
160, 04 o1 17234
05 -2t 16859
160 06 a3 16438
[ 07 -isess G023
-152.03 05 7 156.32
0. 15 z0. w5 s es 70 s0n bo —|roos Fon
1843 14866
[ B ] 107 1554
s Demios—Lss g
Press F1 for [ [0 o Messages [No Selcton [etric (m, kg, 1, °C, 5, ¥, &) A




[image: image26.wmf]-195

-190

-185

-180

-175

-170

0

2000

4000

6000

8000

10000

Time (sec)

Temperature (C)

max temp

min temp

[image: image27.png]{0\ AN5Y5 Workbench [ANSY5 Multiphysics

© el i) ¢ I

| Fie edt vew nts Toos reb || ] (% led [ | @ Do [l | Clnewsnayss + fsohe | £
[ Ry RR@e-(seaaa@aax i
JResu\t 0. (Auto Scale) c@-E-®- | womw |
= ~ PBselection ~ Q visbity ~
| Unit Conversion  Acceleration v o 0 mjs? -
Outin for Hock! [
/(@] Transient Thermal Type: Temper
/73 Tl Condiion Uni o
T analysi setings Time: 9000
9 Temperature 2 Max: -174.72
B, Internal Heat Generation Min: -174.99 =y
B InernalHeat Generaton 2
B Inernal Heat Generaton 3 17472
3 Heat Flow
. Heat Fon 2
B, Heat Flow 4 17475
x; Temperature
B Commands )
4/ Solution 17475
53] Souten Information
/B, Temperature - Global et
B Temperature - Global 1
8 Temperature
8 Temperature 2 704
780 Temperature 3
780 Temperature 4
78 Temperature 5 1747
78 Temperature 6
78 Temperature 7
,- Chart 1749
A chart 2 v
< >
17493 v
Detals of Temperature 4' » P
=] Scope
Geometry |1 Body 17496
= Definition
e [Temperatire s
Diplay Time 2000, 5
(5[ Results Geometry Aol Print Preview AREport Preview, |
Virimum [-174.93 °C == e a
Maximum |-174.72 °C MIEITD CHEE)
Information animetion B[ |[01 01| @ [10Frames vl 25ec auto) r‘wﬂﬂ' G| PG
w00, [t 317 1606
7109 1 fose  -en -1eez
12 |12087 191 -teez2
15 |15 19081 -te6i14
104 14 [z0as0 19043 16604
15 [z6029 o1 16794
15266 076 10968 -te7.es
0. s oz . s 62so) 00, Lee 169,24 16775
s.106 1008 a7
& [ [10 12 [18 161620 .20 -100.38 o752
6,122 -1, 16739
Message: 11200 -167.66 16724 v
press i for Felp [ [0/ Messages [io Selecton [etric (m, kg, N, °C, 5, ¥, A) Y




_1176897897.ppt








Temperature after the 10th shot

Temperature after the 10th cool down
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		Material Properties

		Cp (J/kg K)		80 K		100 K		150 K		200 K

		Winding cable		171.4		212.3		270.1		300.7

		Cu Cooling Plate		205.1		255.3		324.1		359

		Insulation		348.9		413.7		537		626.8

		SS Tee		215.3		275.5		362.1		416.4

		glue		348.9		413.7		537		626.8

		K (W/m K)		80 K		100 K		150 K		200 K

		Winding cable (x, y direction)		7.5		7.5		7.5		7.5

		Winding cable (z direction)		300		300		300		300

		Cu Cooling Plate		529.3		461.5		418.1		407

		Insulation		0.227		0.252		0.396		0.322

		glue (4 * insulation)		0.91		1.01		1.58		1.29

		SS Tee		8.114		9.224		11.17		12.63

		Density (kg/m^3)		80 K -200K

		Winding cable		7028

		Cu Cooling Plate		8900

		Insulation		1200

		SS Tee		8030

		glue		1200
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