THERMAL CONDUCTIVITY OF COPPER WIRE "
THE THERMAL COMNDUCTIVITY OF SOME COMMON SOLIDS :::gz?éng’lnw:,e[d Wire Cauge (8 W61 W0 - % 9 = e = % o ) - = 5 SELECTED MINIMUM TOTAL EMISSIVITIES
capper wire Diameter mm 0122 0152 0193 0.234 0274 0315 0376 0457 0.559 071 0914 1219 1626 Surface Temp‘ K
T T TTTTT T T TTTTI T T TTTTTI with one end [ -
) 24K and Cross sectional area (Crm*x 1073 [ 0117 | 0,82 | 0203 [ aa2o | osor [ o7me| 111 1642 2452] 3973] 6567 1168 | 2076 Surface 4 20 77 300
10 :le}:‘;t::‘i Heat Conducted | T = 300K 178 [ 278 [446 |62 |89 119 169 250 mn 603 998 1774|3155 Copper 0.0050 0.008 0.018
| 2 | T illiwatts = i 10, 172 [ 251 146 457 | 65 963 | 1437 X 684 |1215 Gold 0.01 0.02
7 99.999% Pure Mill I T=7TK 6.85 & 437 233 385 0;
5= Saphire — Silver 0.0044 0.008 0.02
| Aluminum 0.011 0.018 0.03
1 ]
3 Magnesium 0.07
| Electralytic N Chromium 0.08 0.08
[y = Tough Pitch | Nickel 0.022 0.04
99.95% Pure Rhodium 0.078
—~— Lead 0.012 0.036 0.05
10 |— -7 - \ - SELECTED PROPERTIES OF CRYOGENIC LIQUIDS AT THE NORMAL BOILING POINT Tin 0.012 0.013 0.05
7F Quartz / d ' \ Diamond - Saturated-Liquid Ligud  Liquid  Liquid Liuid Liquid  Liquid Liquid  Liquid  Liquid  Liquid ‘E’r”c 0.018 g‘ggg g'ggs
ol Indium -1 Property at 1 atm Helium3 Helium & Hydrogen Neon Mittogen  Air  Flourine  Argon  Oxygen Methane St:i'_:'ess Sieel 1808 0,048 0i0a
4= — Copper 1 Normal boiling K 3.19 4214 2027 27.09 7736 788 85.24 8728 9018 1117 50 Pb 50 Sn solder 0.032
3 /g. g — point R 5.74 758 365 488 1393 142 153.4 1571 1623 2014 Glass, paints, carbon >0.9
L E Aluminum 99% Critical temperalure K 3.32 520 33z 444 1261 133 144.0 150.7 1546 1907 Silver plate on copper 0.013 0.017
2 7O.F,H.DC. = Aluminum Alloy 303-F — R 598 936 507 799 2270 240 2502 2712 2783 3433 Nickel plate on copper 0.027 0.033
|_99.95% Pure ._,f_ ' Y ] Critical pressure MPa 0117 0228 1315 285 339 392 557 4.89 508 484 — ——
_ = Aluminum Alloy 5154-0 atm 115 226 1298 262 335 387 550 483 501 458 “These are actually absorplivities for radiation from
1= Pl Srass i Triple-point K . G 13.9 2454 632 - 53.5 83.8 54.4 88.7 a source at 300 K.
- = 3 temperature R . " 251 4426 1137 96.4 150.8 980 1597 . " ;
x 7 = . = Silver Solder ] Triple-paint pressure kPa " 7.20 43.3 12.85 0.221 68.8 0.152  10.0 !Vglrmall alndthfmlspherica\ values are included
E s - atm v 00711 0427 0127 000218 0679 00015 0089 inciscminael.
S 4k Mild Steel - Density kg/m? 589  124.8 70.76 1206 BO7.3 874 1507 1394 1141 424.1 Reference: Applied Cryogenic Engineering, Edited by RW.
1‘:‘.1 3 Soft Solder — 1015 3.68 7.79 4.42 753 504 54.6 94.1 87.0 7.2 26.5 Vance and W.M. Duke, P 154, 1962 John Wiley and Sons Inc.
- Latent heat klikg 849 2090 443 859 199.3 205 166.3 1619 213 5115 e
z L Woods Metal _ BtuAb, 365 898 1905 369 857 881 715 696 916 2189 BOK oy
; | St - St | | Specific heat kdkg-K 4.61 4.48 9.68 1.83 2.05 1.96 1.54 1.136 1.685 3.461 P ,
i ainless Stee Btulb,"R  1.10 1.07 2.31 0437 0490 0468  0.367 0271 0405  0.827 Koo Lo j? da /
= 1o (303, 304, 316, 347) Viscostty uPa-s 162 356 132 130 158 158 244 252 180 118 een % &N <& e u‘g-
E . = A :/ [ = lbnft-hr  0.0039  0.0086 00319 0314 0382 0407 0542 DEID 0460  0.285
o - v — Thermal mwim-K 171 27.2 1185 113 1398 141 148 1232 1514 1934 A
- 51— ,’,l ] conductivity Btu/hr-ft-°F  0.0099 0.0157 0.0685 0.653 0.0807 0.0815 0.0855 0.0712 0.0875 0.1116 C “ » @0 g |; ha 0 Gg
a Lk v ] Dielectric constant €, . 1048 1226 1188 1434 1445 143 1.52 1484 1.876 < <
g g A/ Speedof sound i s 181 1189 L9886 866 L8472 1411 3.5. 00248l .003ic
g R 1 fsec 376 593 3900 .. 2810 2840 .. 2780 2060 4830
: | ] “Lambda-point temperature = 2.171 K = 3.91°R
E' 2 c tant "Lambda-peint temperature = 5.073 kPa = 0.050 atm A l .0 D?c‘- 4 0 {\4 \ %
I Constantan — ) '
E Glass Reference: Cryogenic Systems, Randall F. Baron, P 44, 1985 Oxlord University Press o I
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4|~ (drawn) Nyl ] Shiwvicagld per foo™ From
= = = == Nylon
3 -
- - = PTEE. - Py
E==IZ 20 W
2 Perspex ] i
- | . .
e — M u Itl I aye r I nsu I atlo n ( M L I ) AMOUNT OF CRYOGENIC FLUID REQUIRED TO COOL METALS
- E / Dotted lines indicate extrapolated values - FLUID HE* Hz N2
- 1 1 ] -
- — — Initial Temp. of Metal 300 K 77 K 300K 77K 300 K
3 Alloy Composition . iy iy
B Aluminum B - )
3 Teflon 3003-F Approx N3 1.29% Mn, 98.5% Al _ L - 30 liters liters liters liters liters
5154-0 Approx N5 0.25% Cr, 3.5% Mg, 96% Al 10°? A/ - 20 o | per | o | per| o |per| o | per | o | per
2= Brass 35.7% Zn, 3.27% Pb, 1% Sn, 60% Cu || * L 10 b. b Ib b, los.
— Mild Steel 0.14% C, .08% Si, .07% Mn — 2 7 C .
0, - =
10 Soft Solder GOn/u Sn, 4(2% Pb . . £ 7 - Using the | Aluminium 83 |302 |04 |145 |038 |242 |oos | 012 |os1 | 046
= Woods Metal 48% Bi, 13% Sn, 13% Cd, 26% Pb 1] a L latent heat |Swainless Steel| 42 | 151 | 0.8 | 085 |02 | 128 |0.0085 | 005 | o043 | vea
7= Silver Solder 50% Ag, 15.5% Cu, 16.5% Zn, 18% Cd | = ‘ ) § : ) ' : ) . -
s Constantan 60% Cu, 40% Ni, 55% Cu, 45% Ni || Z 107 -2 x of vapour- |Copper 39 (141 | 027 | 098 | 047 |1.08 |0012 | 008 | 037 | 021
— — E 7 E ization only
2 I - H 7 —10 3
Ll L LIl [ i [ i b P _0_52 )
2 3 4567890 20 304050 100 200 500 1000 E Cooa - Usingthe |Aluminium | 0.2 | 0.73 | 0.028 | 0.1 | 0.075 | 0.48 |0.0007 | 0.06 | 051 | 0.29
: £ I - enthalpy |Stainless Steel| 0.1 | 036 | 0.013 | 005 | 0037 | 0.24 |00045 | 003 | 027 | 015
TEMPERATURE K Reference: "WADD Technical Report", 60-58, Part IV Ep » L o2 of the gas. | Copper 01| 036 |ooe | a7 |o0s7 | 024 |oooss | aos | 023 | 013
. 2
. = = p =5 5= 8 £ - 0.0
| Mucron = l M lorl" - Lq X Ps ] § /’ = 0.06 The data given above is the specific liquid requirement o, { the weight of fluid required to cool the
. b3 - M same weight of metal to the fluid boiling point). The velume of liquid (liters) required to cool 1 Ib. of
meafscwo.com ‘ MMHS - \ 0 Miclon : 1 * N 0.04 metal to the fluid boiling point is also given.
0 - 0.02 Reference: Advan n nic Engineering, Editor; K. D. Timmerhaus,
w0 1w 1077 102 107! 1 10 102 10° Section J-6 by R. B. Jacobs, P 529-535, 1963 Plenum Press
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L H,0- FHEEZING POINT Hz B ILIN G POINT
MEAN LINEAR THERMAL EXPANSION OF VARIOUS MATERIALS MECHANICAL PROPERTIES OF MATERIALS USED IN
“““““““ CRYOGENIC SYSTEMS (ROOM TEMPERATURE VALUES)
Expansion, aL/Li x 103
vaserial | Miokiod P st Py 020 Lowie - 24 o Material Density’ Young's | Yield Ultimaie
e s 3 - " Modules | Strength | Strength
FolyesteRod  pranglic  Epoxy NYlon ¢ rotnene Polystyraner  flouro- Pyrex® Cu Ni Al tg Zn T Carbon  Stainless  Monel  Inconel  Vaehona (glem?) 3 a
Redoce v Rod  Polymer 99 ) " ethylene” Stesl Steel f (iWpey | @pan | (Ve
Q 0 0 0 o] 0 1] 0 o 0 0 4] 0 0 a a o] 0 0 0 Aluminum 1100-0 2.72 10 <5 13
20 3 14 10 10 21 27 45 -1 0 o 0 1 1 0 0 -1 0 0 0 Aluminum 2219-T87 2.85 106 57 69
- . N Aluminum 5083 (annealed) 2.66 10.3 21 42
40 1 38 39 37 85 82 115 2 2 1 2 5 9 1 1 15 15 1 4 fannoated) A - 4 pr
80 21 70 78 81 118 152 200 45 10 4 10 12 28 2 4 +2.8 6 5 15 Alimifaen GOE1-TE 272 10 . a5
80 34 108 126 142 173 235 300 +1 25 12 24 28 57 6 10 14 15 12 34 Beryllium S-200F 1.86 42 35 50
100 49 154 181 217 235 329 410 4.5 44 23 46 55 93 14 20 30 29 24 57 Copper OFHC (annealed) 8.95 17 10 32
120 67 205 242 301 301 432 525 85 67 kG 72 87 133 24 32 50 45 38 85 G-10 Fibergalss epoxy 1.65 4.0 . 60
140 88 261 310 393 372 542 650 13 92 55 104 124 178 35 47 73 54 55 15 Inconel 718 8.20 29 153 185
160 110 321 385 493 444 558 785 175 119 74 138 164 221 47 63 87 a5 74 148 Kapton (film) 14 0.5 0, 45
180 134 885 467  BOO0 531 778 940 225 148 9 475 208 267 60 81 124 107 95 180 r:::; 1 32 225 10 :g
200 159 452 556 716 518 200 1130 275 178 17 214 254 314 74 101 161 130 17 214 Stosi 804 fannedied) 78 28 a5 80
220 184 524 651 841 711 1024 1370 33 209 140 255 303 363 8 121 180 155 140 249 {work hardened) 7.8 28 75 110
240 210 602 753 977 811 1152 1620 39 240 164 287 353 413 105 142 210 180 163 285 Teflon 22 0.05 20 3.0
260 237 688 862 1124 921 1284 1875 445 272 168 341 403 465 121 164 241 207 187 322 TiEnium EAIY a4 165 120 130
2732 | 255 749 939 1228 1001 1374 2045
e
280 264 782 980 1282 1045 1422 2130 505 305 213 385 453 518 138 187 272 234 212 359 ss p=o. 28 |bl| ,\3
300 291 889 1107 1450 1187 1566 2695 57 339 239 431 503 572 155 210 304 261 238 397
* Calculated from data for SIO; and ByOj
Reference: Cryogenic Engingering, Russell B. Scott, 1959 0. Von Mostrand Company Ing. Research
The DISPLEX Ar | e Your Applicati S stems, Inc.
e DIS senal - Targeting Your Application __ )

DE102 DE202 DE202B DE202FF
BWRTTK <9K UHV FLAT FLANGE
25W@ 20 K 200 C BAKEABLE

DE104 DE202N DE202NFF
IBW@TTK <65K DE202NB
1w@10K DE202SFF
DE2028 DE2025B
50 mW @ 4.2 K
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DE204 DE204B DEZ04FF
29K UHV FLAT FLANGE
IW@20K 200 C BAKEABLE
DE204N DE204NFF
<6.5K DE204NB
Iw@1oK DE204SFF
DE204S DE204SB

150 mW @ 4.2 K
250 @ 10K
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42K
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