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Motivation

e earn

— How to apply fundamental principles to sample
environment problems

— How to obtain useful quantitative models

e Work smarter
— Evaluate concepts before cutting metal

— Compare observed and calculated data to better
understand system behavior
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Starting Point

e Classic reference guide
— Simple examples

— Useful tables

e Setup companion spreadsheets
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2 Dehye Table Sample |
22 theta/T |U-Uo/T |TiFe) U-Uall/m
23| 0.2 231 2000 4620C
24 [ [ oa 2138 1000 21380
225 06 19.76 667 13172
26 0.4 18.24 500 9120
2 1 1681 400 G724
28 12 16.47 333 5157
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Problem 1: Cooling with Liquid
Nitrogen and Helium

e Need to cool a 10kg hunk of iron
— Initially at 293K

e How much liquid helium required ...
—to cool to 4.2 K?
— If pre-cooled to 77K with LN2?

St OAK RIDGE NATIONAL LABORATORY ~. ﬁ/ SNS
UT-BATTELLE U.S. DEPARTMENT OF ENERGY SPALLMIDN N[UIRUN SOURCE
Santodonato - September 2006 - SE Workshop 4




Problem 1: Cooling with Liquid
Nitrogen and Helium

e Need to cool a 10kg hunk of iron
— Initially at 293K

e How much liquid helium required
—to cool to 4.2 K? 490 liters
— If pre-cooled to 77K with LN2?

e 6 liters LN2

e 125 liters LHe
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1 | Cryogen Consumption Calculator

Z Debye Table
4 |mass [g] 10000 e e A 02 231
5 |Debye Temp 400 How many liters? 04 2138
_ B |molar mass 565 493.2 0.6 19.76
[l Temperatures 0.8 18.24
8 |Tiinitial} 293 1 16.81
9 [Tifinal) 42 12| 1547
10 1.35 14 .54
Bl Cryogen spec | 14 1423
12 |latent heat 2.6 a6 13.07
13 18] 1199
14 |Reference 2 11
15 [Latent Heat of Vap [J/iml] 22 10.08
16 |Helium 26 24 923
17 [Mitrogen 161 26 8.44
OAK RlDGE NAT'( 18 |Debye Temperatures [K] |g/mol 238 773
19 | Copper 310 3.5 3 7.07
U.S. DEPARTM 20 AILEEinum 380 27 35 566
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Problem 2: Cooling with CCR

e 2a: What is CCR cooling capacity?
— Temperature dependent
—Vendor info limited
— We need to measure it ourselves
— Fit to function

ed Data
Observ CCR Cooling Capacity Fit
o e = y = 11.863Ln(x) - 24.307
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P ro b I em 2 b Cold Head Cooling a9 05

1000

e How long for the CCR

————

= k — Stage 1
" = — Stage 2
to cool itself? 0
1 | | ase
0 30 680 90
t[min]
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Problem 2b

observed Cold Head Cooling

1000
e How long for the CCR i
- g — Stage 1
to cool itself? " . S
. 10
5.2 K base
1 T T temperature
0 30 80 90
A O i 05 0 V= Y| O =) | H | t[min]
1 |Cooling CCR + Load
2 |Using fitted cooling capacity
3 |Debye heat capacity Calculate
4
5 23 27878261
B Cooling Simulation
7 |Debye Temperature [K]
8 |Maolar mass [g] G3.64 1000
9 |Load mass [g] 0
., oo e
x
3 10
|
: 1 . -
Calculation Parameters
17 [Start Temperature 293 0 a0 ) . B a0
18 [time step [sec] 40.00 time [min]
19 |Base termperature )
il
21| [V/mol'K]
22 | theta/T Cv
23| 0z 2489
24 0.4 2474 863
5| 0.6 245 575
26 |Reference 0.8 2416 431 q,-
aterial Debye maolar mass 1 2374 345 JRATORY \\l P
28 |Aluminium 425 K 25,97 i 23.23 288 | SPALLATION NEUTRON SOURCE
29 [Cadmium 186 K 112 14 2268 246 RGY ' 4 S
30 |Chromium 10 K 52 15 2202 216 <shop 8
31 |Copper 344 5 K |Sar: 1.8 .33 192




Calculation Notes

e Finite difference approximation (FDA)
e First order differential equation

e Lots of shortcuts

— Using Cv from Debye table
e Need Cp, but Cv is close and easy

— Least accurate (15t order) FDA

inite Diff
e Good reference [HH st

Heat Transfer
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Problem 2c

e Now attach aload to CCR

— 3 pounds of copper
— Simulate “SMASH rig” cold link
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A | B ! C [ = ! F ! G| H |
1 |Cooling CCR + Load
2 |Using fitted cooling capacity
'3 |Debye heat capacity Calculate |
4
; 2327875261
haterial Spec Cooling Simulation
Debye Temperature [K]
8 [Molar mass [4] b3.54 1000
8 |Load mass [g] 1100
self mass [o] est. —
QAN Fitted Coaling Capacity [VY] i, VOO
12 Q=A%In(T) - B é ﬁ
13 A 12 10
14 B 24 \
Calculation Parameters ! y :
17 |=tarnt Temperature 293 . # &0 28
18 [time step [sec) 70.00 time [min]
19 |Base temperature 5
20
21 [/mol*K]
2 theta/T Cv
43 0.2 2489 1725
ETH Oal o1 741 o]




Problem 2c

UT-BATTELLE

e Test result gives 100 minutes
DE-210 CCR Test with Copper Load
1000
100
g — T{CCR)
10 — Ti{load)
Calculation
1 I | I
0 30 60 a0 120
t[min]
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Problem 2d: Cool Something Bigge

e Massive anvil pressure cell
— Paris-Edinburg Cell (model VX-2)
— 25-pound hunk of steel!

e |s it feasible to cool using CCR?
— Within a day
—To 77K or lower

5 | u v [ = 1 =) N 1 o
1 |Cooling CCR + Load P-E Cell Cooling with Displex
2 |Using fitted cooling capacity
3 |Debye heat capacity Calculate
4 300
5] \
B Cooling Simulation 250
7 |Debye Termperature [K] 400 \
8 |Malar mass [g] 55,85 1000 200
9

Load mass [g] 10000 \
ass [g] es - 100 150 —T(t'JP:'
\ T(bottom)
0 100
17t Tampamure 223 v s e s E Se—

18 [time step [sec] 300.00
13 |Base temperature 5 0 2 4 o g 10 12 14 16

0
2 | imolK] time [Hi]
22 | theta/T Cv

B3| 02| 2489 2000

TIK]
TIK]




Problem 2d

e Factor of two discrepancy between
calculated and observed

e But calculation gave the right answer
—Yes, it is feasible
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Problem 3: Hot Stick ——

G
Q\D
e ——
e Top-loading cryostat 1
— VTl range: 2 to 300 K
£

e Hot stick reaches 600 K
— Different high and low temperature operating modes -

e Exchange gas for low temperature
e Evacuated VTI for high temperature

e We are concerned about temperature
gradients in high temperature mode
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Calculate Gradient

e Simplified scenario
— Flat sheet of aluminum

e Setup comparable test

e Use results as a guide

Temperature Gradient Along Aluminum Sheet

500 BB
I

3 Al
—— Calculated
Ohserved
4345
¥
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Calculation Notes

o SEtup ||ke f|n prOblem \3‘5?’“\6“9“ ‘3@\’&3 ﬁ‘ﬁ\@a\’m‘w
— T-dependent “h” 8

s e e?
— Iterate, update h | e S
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e Use “VBA” routine in e
spreadsheet

m File Edit Wew Insert Format Debug Run Tools  Add-Ins  Window Help

o -k a2 = galg opou i b &S ok | @) in 114, Cal 5

]CDmmﬂndButtDm LJ |Cli|:k
= = — 5 For iter =1 To maxTter
= E VBAProject (rad fin Sant
=15 Microsoft Excel Objects For counter = 0 To numCells
-@Sheetlﬁheetl} hfactor = (T{counter) ~ 3 + T{counter)
-@Sheetzﬁheetl} h{counter) = emmi=z * scefan * hfactor
- @ Sheet3 (Shest3) Hext counRter
- 38 Thisworkbook
For counter = 1 To numlells=
/\<\ OA b (counter) = =2 — (alpha * hi{counter))
UT-BATTELLE L
REem reset d{l) below
Hext counter




Summary

e Rough calculations sometimes roughly
agree with observed data

— No need for exact match
—Just looking for guidelines

e Gain a better understanding of sample
environments by implementing both ...

— Rigorous equipment testing
— Quantitative analysis
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