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PREFACE 

Increased activities in Cryogenic Engineering have brought about the nee:1 
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 de sign of liquid hydrogen bubble chambers. 

The compilation does not constitute a critical survey of the literature. 
It is hoped that additional information can be added in the future. 

For their aid in compiling this book, the authors wish to thank Rod. A. 
Byrns and Horner S. Hoard, both of the Univer sity of California Radiation 
Laboratory. 

This work was done under the auspice s of the U. S. Atomic Energy 
Commis sion. 
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CONVERSION TABLES 
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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 

.... '" 

Breaking Stress 
lh/;n 2 

. = I R,,:te Stress l 
I lncrease 

Condition I Ib/in2 -sec. i 296°K 194
0

K 76°K 20 0 K 

A 

A 

I 

I A 

L~,_ U 

I 
I 

800 7, 500 9, 500 10,400 
I 

I 

10 5, 500 7,500 10,400 

6,400 10,400 I 1, 5, 000 

J_~~0~ ____ IIO'400 I I 18,000 
I 

Breaking stress of BSC -2 optical glass. 
Median values from probability plots. 
A - abraded; U - unabraded . 
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EMISSIVITIES OF MATERIALS 0 

Measured Values For Radiation Betveen 300 K and 76°K 

Data Taken From NBS, Cryogenic Laboratory, TMI6 

Metal 

A1 
A1 on Mylar 
Au on Mylar 
Au 
Sn 
Sn 

Stainless 
Steel 

Lucite 

Cu 
Cu 
eu 
eu 

A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 

A1 
Al 
Al 
Al 
Al 
Al 

Surface Finieh 

Cockren foil .0015" 
1/2 mil plastic, Al vaporized on both sides 
1/2 mil plastic, Au vaporized on both sides 
.0015, solvent cleaned 
.001", mill foil 
Same sample, partially covered with frost from a 
co mensi ble gas 

.005", type 302, solvent cleaned 
Plastic devar, solvent cleaned ________ (~outside 

:::Q.978 )* 
.005", dilute chremic acid dip 
.005", vet poliShed with Dr. Lyons tooth povder 
.005", dry polished vith plastic polishing vax-abrasive 
.005", electrolytic cleaned, (this value may be high as 
trace of frost VaS observed) 
.00075", Kaiser home foil 
.001", Kaiser foil unannealed 
.001", Kaiser foil unannealed 
.0015", Cockron horne foil 
.0015 11 , Cockron home foil 
.0015", Hurvich horne foil, mat Bide 
.0015", Hurvich horne foil, bright side 
.020", cold acid cleaned 
.020", Hot acid cleaned, Alco proc~ss 
.020", cold acid cleaned 
.020", Aleo No.2 reflector plate (t:visible light =.30) 

~ 25 C 
.020", Alkali cleaned 
.020", vire brush - emery paper - steel wool - cold acid 
.020", wire brush - emery paper - steel vool 
.020", vire brush 
.020", electrolytic polish, light anodiZe 
.020", electrolytic polish, heavy anodize 

D. Chelton 
March 8, 1956 

.0204 

.0399 

.0205 

.0099 
,,01)6 

.105 

.0485 

.60 

.0176 

.0185 

.0192 

.0178 

.01R6 

.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 r ell to 279°1(. In 
all other measurements the vall remained at room temperature. 



UCRL-3421 

.' 



-94- UCRL-3421 

, ' 

.. 

[I", :-;:(-, . - -.' ..... _ .•. : .. _.' I. -'.' '''~!_'.--_-.;. ' _ -~ ,-- hl - - --.~- ~ . -, I -~ -- .. :: - - .. - -- , . -



UCRL-3421 

, . 

· , 



- 93- UCRL-3421 

~. r~ =;:ci-H-'~ ~-',

, ~r~ 





:: 

::: 

-95- UCRL-3421 

w 

~z 
:h:~: t:~~c: ~t~~ -. « 

lJJ 
~ 

J :: > :: ~: Ie.: :';: ::~: :::: I:~:J::: .. F"I': ,::~1,,:: ' 

! ICd: ~' 11:::1::: :::. ::~: i:J:h:Ji~:! :;:b!:~b :0'::: a 

iI.; ~ ',Q 
<;i ti d 

.,),IW"/S-i-?-l1ml lllV\j til }t 

OJ 
<::> 
Ci 

, " 



-96- UCRL-3421 

',.\ i.'" i ·i.i·iVi; 

H-' 

, . 'ir_: ! i i • 'I-' i i' iii i'·. i : ~.i \ .• i 

'" ..... . . . .. ,\". .. .,. ... .~ 

;, i -jc ; .:' J. ' ; -C i . 
i-, , ,. 

, 

i! 
; ~ . 

-.';': I ,"" iii; 
:i 'Q : ••• ilifL! iei; .J L! . '.; ·i· 1,,\ • • :! 

i i 1 

"" 'j \. 
i H l;:: ; i . i • • . i ; .i\ -: , ' 

'-".i i i l; i i ; ·t .\ i 

iiC • , : iii: • : ,! .! ! r! ; Ii ! i: , icC;; ,! 1 .,' •... 

-~-.: ,--' , i •• ; ': 
H· . C) .•..• •. i. i, f.' :; , ' , i j ~. i • ' ~-__ 

••• ' ..... _ .. i.; •• : . . iii .' r ...••• ;!i; .... '. ..... .t 



2 34567891 2 34567891 

I 

~ 
--J \~~ 5 

" 

~ 

I" 

~ 
~ 

4 

3 
C 
(J 
;:0 
l' 

I 

W 
,j>. 

N 

/1zESSU'£c -(rn /?? ~ @ K::OD/Vt TE)'!//..7EK:.4 TZ/R9 

~ 



-98- UCRL-3421 

. ' 

" 
7 

.;j. 

~ 
:t' 

E 
t ..... 

Iu 
I:( 

':;;) 
V) 
V) 

'" q:: 
Q.. 

"-1-_ \ ; 

. , . " ~ . . ".. 

'1-' , 
,i __ :,: :: 



-99- UCRL-3421 

< ,< 

2 

2 

.. '~.~ 

," 

92 



-100- UCRL-3421 

, e 

.. ~ 

.-



-101- UCRL-3421 

- .----~.--.~.-

COPPEI: 
:<'0-10 . . 

-.. -... --!--

.. j 

- ~ . -

i· 

_ .L 

20 40 60 80 It«) ,/~O 

. . .. , ........ ! 

T£H?'E.RRrtl~E ~ 0 KIif"i.. t(/N 

! 

j 

! 

.i 
I 

i 

-I 

< , 



-102- UCRL-3421 

~ '..--

.. 



I 
~-

-103- UCRL-3421 

--;-~I ~:I 

... _. 1 

.-.J 
j 

.. +-·~'""tl J 
_~Lj 

! 



-104- UCRL-3421 



Et:::.c:· 
~o::f~? oc, 

c::c; 
tt::::t::c::t-::::· 
~--=; ::::b_ to:' t:c: 

;:C;:;l.'.::= 
~ 

tc-c
"" ,--::~ I c-; '" 

c:~-.Lr:::::: 

:::-;:;: '" =~.::- ,-:ecce _ c= ::;:;: 

~~~t?-
pc ::v: 

F: 

-105- UCRL-3421 

-'--:;I.'.=:~ 1::::=:: .::::: 

l2: -::n~'-:J:§ 
[+-=: :~=:l( c 

! /; l+::: . -:1:-'1' c~~+..;~ .:.~ - '._-

~-8+; ~T 'l1f1 
,- ~ 

1iT_ 



Q 

S 

7 

3 

4 

6 

5 

111 

+, 
I i--

H.-".',e=: """., 
te] , ..•• ~. 

f=;~ 
'e=~-=.c:o ~-o::3~ 

v 

, ... :.,:::::,;:-,; 
~::::~: cc' :~: ." 

, =;..:::=~C:-.:;= ':=}: == 
",'.':':, J. '.i·"',· ')c'c,';''''~='Y'',:';:''! l"'i'=~!C.":" 

,il'::i.::P'::; ··'t-'j""", :s=;cc;c.:T 1·,ic'.;cT:' 
.:;: eLi','eL: ":,'::<;1, c,'. 
:Li,=:~i'=~'lb:::;]'cf 

~~~=~=~.; 

~\3~l~l¥ r+=: 

H 

J--- 1--1 

.--!1,fU""" ;....,., >9~+---l'+ I/+-I+-t--+-, -l---f-i i-,V-+--+++-!----l 
".; ';.! ... '.~'; .. 

I.', . :':::/". ". 1:,j:C=~: 

L-!~-, :-!~: ~::-: )t---::i-~~i ::"~ 

I~i=:':::-.;::c. 

- 106-

, "" 

H+'f '·.~L "j'C::::i [i.:;+,j·l';!"i'.~ LC:~;':.! 
: i ~ I'··~,'·I eli I-:'~i=t=,~i :.::'!·d':= 
t:::;~~, • :"LL;t 

,,,-:cp: 

f=+F;=:!=- I"", 
H'! 

1-
I--.i 

i--·'- f-+. 
I';" I .• i. . ,.-

-f 

H--- i-""·"'=:': 
t----I- , -;-.1.-1. 

+ 
-:;l ~bi-

UCRL-34Z1 

·T .. f
"

,·; .' 
icC':',:i, .'" 
c."~ ! •. ".,,, ' •. 1. ;=.1==. 

! I 

'''7:'!::::i?= =,== 
1·1.1.:-'., .. 

.X--1- , .. :=r-!-+: 

~h 
,t. f-

r:'I'ii=.=t~ I B }1~~ 
fU:,."l11J ,Vi'I·'-j'·eI'e 

m('B~l":n{H'Q· 

--;,;;. 2;i"-rf-, bLc: i :~. if'= 
=:: 

I~:'=;=: 

+Ft::.j==f~[ !:;::=-;= 

::=-1 =:r-== 
.c· .. :""~c".: "".'L'.c,:: 

[,.",,>.::;,,:::'.'::;':;:' 



1 

9 
8 

4 

-107-

:I' 
I IY i/, 

. If, ':7 i yl :/ I L' 

.'.JI 1 i '/ 

'···:i\'!i 7 7 "'L 

. "Cf i 1 
• f J i 

•. { 1 '.1 . , 
'/ i i!: 

•. ,. i. . : t,:~: :. : .. :( i:; i .. i .• 

=;:::;T::-I-:~=t.I}f'~M;':; 
+~ 

).(){) "tOO 

UCRL-3421 

'" , 

iTT ! ' 

.', : 

Ii 

: ;-:-; :- .. --, 

:, tT 0· 

800 



, .' 

• f 

? 

1:,," 
f--., ~ 

. , 

,.,_.',', 
'-':" , 

, 14(/ 

, ,. . 
". 

,-- , 

" 

-108- UCRL-3421 

, . 
. : i ' 

/' " " 

/' 

, ': ~ ," ' ·I/' ," ", u------" ..'.' , " 

v ....-
/' -.:". '"" . ! 

, rT • ,,', 

, I 

''Ii 7 
, / . 

: .~ : 
~"" /' 

~~'_:'_, 1----'--'---1--'1-/ " • / ,. :. 0." .'. 0.:,' "":', 
, ,~ .'. , , 17 -7 '"l '-,I:i : 

" 
" . , . 

• 
. : ; : ; : ' ; 

, '0' 

~-' ---;-

• 
. ' , 



-109- UCRL-3421 

fC>.: " 'LA 'I · ... '. "/. ,~ILr-tt}Lj:im 

1 

t 

3 

'-i-V-i--i{-; I'::~!::: 
.;-' ; H-



, . 

t " 

~ 
I-. 
"-
() 
"-

~ 

~ 

-110- UGRL-3421 

m-6~~~tHitHi~EitG~~~~±±~:~~~~~~~~~~ 

20 40 60 80 100 /20 



- 1 1 1 - UCRL-3421 

STAINLESS STEEL CH~RACTERISTICS 

I 
, 

! I 
i I 

pe 302 304L I 30/' I 310 j 316 1 321 347 -- -
0.08 I 0.25 

i 
I 

Cl!l,l"oon ~.2 0.03 i 0.10 i 0.08 0.08 
~ .. .. 

i I " . .,' 

HI 8-10 12-14 8-11 19-22 i 10-14 
I 

8-11 9-12 I 

Cr 17-19 18-20 HI-20 24-26 16-18 17-19 17-19 
! 

St~bil1zer .-- I MO Ti Cb 

Nt trogen 
Should be limited to 0.03-0.08 -
'Welding poor good fail" good 

! 
good lstl good 1st good 

c percip.: poor 2nd' poor 2nd 
J Ti oxidize 
\ 

1 
'Weld after cold work 1 :2 ! .3 

Hard Soldering OK \ 

1 
annealed, 1st solder I I only I 

! 
I i Soft Solder OK i poor 

! 430 Solder Te~ ! 

) H 
I 

Magnetic L L L H H 1::1 •02 prop. at low temp. -1.002 ....... 1.02 .....1.0:? 
perm. perm. . perm. perm • 

~ 
COST ¢/100 Ibs 72.75 80.75 75.50 107.00 96.50* ! 82.50 98.75 
sheet stocks 10 gao I 36" x 120" size 
2 B finish, 100 Ibs- I 292 1bs. lots 

430 - 65.00 

~: 303 is poor material 

" 
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FLUID PROPEHTIES 

HEF: TiDS Tl1 ~Jo. 36, p. 41 

I 
- I --I--' 

Liquid Liquid 
Properties nydrogen Hitrogen vIa ter 

I Heat of Vaporization (ca1./gr.) 
--

106.5 47.6 586 
I 

I Vapor Pressure (mm Hg) 760 760 18.8 

I Molecular Weight (gr./gr.mo1e) 
! 

2 28 18 
I I 

Specific Volu~e (cc/gr.) 14.1 I 1.24 1.00 
I 294 

Temperature (OK) 20 I 77 (700 F) 

Cp - Specific Heat (cal./gr.ol\) 
I 

2.3 I 0.49 1.00 I 
I I 
I I 

~8 I 
----------------------------

..., 

Oxygen Freon-II 

50.8 43.5 

760 760 

32 137.4 

0.871 0.673 

90.13 297 

0.405 0.210 

0.190 0.429 
.L_~~~_ 

Freon-22! 

! 55.9 i 
I 

760 j 

.5 ! 
I 

0.706 ! 

232 

0.255 

t'--

c 
() 
~ 
r 
I 

w 
,!.'. 
t'--
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BOILING POINTS OF GASSS 

Boiling Point , M;s~ Of Volume Of Heat Of 
at 1 atm. Liquid Gas (STP) Vaporization Gas 

C Produced 
Co FO KO ~Zliter Cu.Ft. Zu te~::: calZliter 

Prooy1ene C3H6 :- 47.0 .. - 52.6..;:2,,",2~6,;.;.1=--_______________ _ 
Propane C3 HR ,.. 42.3 - 44.1 230. Q 

Freon?? CHCIF2 ,.. 40.6 - 41.0 232.5 
Ammonb NH3 --=- 33.3 ,.. 27.9· 2J9.? 
Freon) 2 CCI2F2 - 30.0 - 22.0 243.1 
Methyl Chloride CR3C1 ,.. 23.7 ,- 10.7;249.4. 

.. 
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VAPOR fiESJURE OF ICE 
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