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PREFACE 

Increased activities iri Cryogenic Engineering have brought about the need 
for a compilation of available data. The purpose of the Cryogenic Data Book 
is to provide a condensed source of :reliable data and reference information 
for those working in the cryogenic field. Specifically the data were compiled 
with a view toward the design of liquid hydrogen bubble chambers. 

. ' 

"\ 

The compilation does· riot constl.tute Cl. critl.cal survey of the literature. 
It is hoped that additional 1information can be added in the future . 

For their aid in co~piling this book, the authors wish to thank Rod. A. 
Byrns an:d Homer S. Hoard, both of the University of California Radiation 
Laboratory. 

This work was done under the. auspices of the U. S. Atomic Energy 
Commission. 
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From; R. H. Kropschot, AN EXPERIMENTAL 
STUDY OF THE STRENGTH AND FATIGUE OF 
GLASS AT VERY LOW TEMPERATURES, NBS 
REPORT 3590, June 22, 1956 

Rate Stress 
increase 

lb/in2 -sec. 

.I 
I 

800 

10 

1 

800 

Breaking Stress 
lh'in2 

296°K 194°K 76°K 

7, 500 9, 500 10,400 

5,500 7,500 10,400 

5, 000 6,400 10, 400 
-

10, 400 18,000 

r'Breaking stress of BSC-2 optical glass. 
Median values from probability plots . 

. A - abraded; U - unabraded. 

20°K 

10,400 

10,600 

10,200 

/i 

---·~ ----
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EMISSIVITIES OF MATERIALS 
0 0 . Measured Values For Radiation_ Between 300 K and 76 K 

Data Talcen From NBS, Cryogenic Laboratory, TM16 

Metal-~;~}f~-: Surface Finish 
.. 

Al \ ; : 
Al on ·rvra.r 
Au on Mylar 
Au 
Sn 
Sn 

Stainless 
Steel 

Lucite 

Cu 
Cu 
Cu 
Cu 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
A1 
Al 
A1 

Al 
A1 
A1 
A1 
Al 
Al 

Cockron foil .0015R 
1/2 mil plastic, Al vaporized on both sides 
1/2 mil plastic, Au vaporized on both sides 
.0015, solvent cleaned 
.oo1n, mill toil 
Same sample/· partially covered vi th frost from a 
comensibl.~ gas - -

,-

.oo5n, type 302, solvent cleaned 
Plastic dewar, solvent cleaned __ ~ ____ (~ outside 

=o.978)* 
- .005 11 , dilute chromic acid dip 

.oo5n, vet polished with Dr. Lyons tooth powder 
• 005", dry polished vith plastic polishing wax-abrasive· 
.oo5n, electrolytic cleaned, (this value may be high as 
trace of frost vas observed) 
.000?5n, Kaiser home foil 
• 001", Kaiser foil unannealed 
.001", Kaiser foil unannealed 
.0015 11 , Cockron home foil 
.0015 11 , Cockron home foil 
.0015n, Hurvich home foil, mat side 
.0015n, Hurvich home foil, bright side 
.020", cold acid cleaned 
.020", Hot acid cleaned, Alco process 
.020", cold acid cleaned 
.020 11

, Alco No. 2 reflector plate (~vigible light =.30) 
~25 c 

.020 11 , Alkali cleaned 

.020", vire brush - emery paper - steel vool _- cold acid 

.020", wire brush - emery paper - steel vool 

.020", wire brush 

.020", electrolytic polish, light anodize 

.020", electrolytic polish, heavy anodize 

n. Chelton 
March 8, 1956 

Ap~ent 

.0204 

.0399 

.0205 

.0099 

.0136 

.105 

.0485 

.6o 

.0176 

.0185 

.0192 

.0178 
o0lfl6 
.0184 
.0213 
.0186 
.0204 
.0212 
.0217 
.0283 
.0294 
.0317 

.0327 

.0356 

.0452 

.0615 

.0615 

.2082 

.324 

* This value is the computed effective emissivity. During this measurement the 
radiation vas so great that the temperature of the outer vall tell to 279~. In 
all other measurements the vall remained at room temperature. 
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STAINLESS STEEL CHARACTERISTICS 

l '· I 
I 

J;le 302_ 304L 304 I 310 . i 316 L321 347 
.. 

fvo.2 .. 
i 1 C£:22!1 ·•··· o.o3 o.oa 0.25 i 0.10 0.08 0.08 
I l Ni 8-10 .. 12-14 8-U 19-22 ! 10-14 8-11 q-12 

....... 

' ·- ' 

Cr 17-19 1R-20 18-20 24-26 16-18 17-19 17-19 

Stabilizer MO T1 Cb ·--

Nitrogen 
Should be limited to o.o3-o.oo 

/" 

'Welding poor good fair good good 1st! good 1st good 
.. c percip.j poor 2nd poor 2nd 

Ti oxidize 

'Weld after cold work 1 2_ 3 

Hard Soldering OK 
annealed, 1st solder I onlY 

! 
, 

i Soft Solder poor OK 
430 Solder re~ i ! 

' j i 
Magnetic L i L t H H 

f H 
H 

prop. at low temp. , ...... 1.002 ...... 1.02 -1.02 ....,1.02 
.. oerm. ~erm. nerm. Pel"lll• 

I I 
COST ¢/100 lbs 72.75 80.75 75.50 107.00 96.50* I 82.5o 98.75 
sheet stocks 10 ga. i I , 
36" x 120" size I 2 B finish, 100 lbs- I 2.9_2_ lbs. lots i 

*~16 ELC - 101.75 

430 - 65.00 

~: 303 is poor material " 



... 

FLUID PROPEHTIES 

HEF: liDS TH .:-io. 36, P• 41 .. 

I 
.. 

Liquid Liquid 
Properties Hydrogen Hi trogen 'vlater Oxygen rreon-11 Freon-22 c.r, 

Heat of Vaporization (ca1./gr.) 106.5 47.6 586 50.8 43.5 55-9 C, 

Vapor Pressure (mm Hg) 760 760 18.8 760 760 760 c 
I l1o1ecu1ar Weight (gr./gr.r.Jo1e-) 
I 

2 28 18 32 137.4 86.5 "·~ ... 
Specific Vo1u.11e (cc/gr.) 14.1 1.24 1.00 0.8_11 0.671 0,706! 

294 
! Temperature (OK) 20 77 (70°F) 90.13 297 232 

I 
..... , .. ...... ..... 
"'-
I .....: 

Cp - Specifi? Heat (ca1./gr.°K) 2.3 I 0.49 1.00 I 0.405 0.210 5r;::' ! o. 2 .I i 

Viscosity (centipoises) o. 0130 0.158 0.98 0.190 0.429 I 



Gas 

-113- UCRL-3421 

BOILING POINTS OF GAS~ 

Boiling Point 
at 1 atm. 

1Masg Of , Volume Of Heat Of 
I Liquid Gas(STP) . Vaporization 
: C Produced::..._~--.,.......--

-------::c~o:-----;ro=-:_-_-:/Kf0_-_-~:_.-.gm-.;;.-;t.../:1-;-iZt::..:.-e;;:.r~-=--=--;::Cu-.--.•-:F2t-.--.,.;.£.7..-::.'l.:.i t::.:e:.:;r _ __:c;,:::al;::./l~i~t~erl:..-

-269.9 -453.g 3.2 ; 
-26P .9 -452.0 4.2 . 125.2 21<..7 65o 

Helium 
Helium He4 

-252.7 -422.9 20.1 • . 70.8 27.5 7640 
-249.5 -417.1 23.6 , 164 32.5 12,000 

Hydro~en B2 

-24A.o :-414.4 25.1 
-245.9 -410.6 27.2 : 1204 47.3 26,3oo 
-1~5.Q ,-320 •. 4. 77.3 POP 23.05 3A, 60o 
-192.0 -313.6 P1.1 I 793 22.4 40900 
:iP7 o0 -304.6 P6.o 1108 23.1 1.7 ~500 
-1P5.7 -302.3 · R7o4 , 1410 27.9 5 300 

Neon Ne 
Nitro~en N2 
Carbon Monoxide Co 
Fluorine F2 
Argon A 

-183.0 -297.4 90.1 i 1140 28.2 58,100 
-161.4:-258.5 1ll.7 : 415 20.5 50,500 
-151.11 -241.1 121.3 ' 2155 20.5 59,400 
-109.1 -164.4 164.o . 3520 2lo2 83,400 
-1Q3,P i-154.8 169o3 j 566 16.1 65,000 
,... 90.7 1-129.1 1P3.6 ' 1226 22.5 110,000 
- P8:3·:-126.9 Ul4.P 547 14.3 64,000 

Methane CH4 
Krypton Kr 
Xenon Xe 

Nitrous Oxide N20 
Ethylene C2H4 

- P4.0 -119·2 1119.1 . 620.P 18.7 
- 78.5 -109.3 ·194.6 . 1560 27.8 214.000 
~ 47.0 i- 52.6.226.1 
-42.3:- 44.1'230.~ 
- 41.0 - 4l.P 232.1 . 
- 40.6 - 41.0. 2)2. 5 ' 

Ammonh NH3 - 33.3 - 27.9 2J9.g : 
-~- 22.0 243.1 
- 23.7 - 10.7 '249-4 . Methyl Chloride CH3CI 
- 10.2 . 13.6·262.9 
- 10.0: 14.0 263.1 
- 0.6 30.9 272.5 

Sulphur Dioxid.~e~S~0~2~------~~~~~~~~~--------------------------------
But~n~ C4H1o 

*Sublime~s~--------------~-------------~----------------------------

•I a 

•... ~ 
·I 
' 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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