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·A cryostat wlth a load capacity of iO 000 lb haa been dealgned for use· 
.'••,, 

... with standard tensUe testing equipment ln the temperature range 4° to 
.. 
:. 

·.' 

· · · \' •• ·\'\ ·! 3oo•K •. Specimens ~P to 5 1n. long can be mounted eastly o.n the g;rlp rods 

·. 

j ,·1 • • .,: 

~'. ' 
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{' -"~ i . ,• ~~ .• ~: . 

·,. .. 

·.' 
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'' -~ i 

. ; I· ~ • 

>' •' 
!,, -:1. 

·'' ~ . .; . ~ .. 

'J ... 

through an opening ln the front· of the teat ehamber •. A Uqu.ld ... hellum 

transfer ll~e ha.e been developed for uee wlth th~1 tensile cryostat. The 

addition of a bayonet-type valve, which also serveo as a coupllng of two · 

separate sections, makes this line quite veraatlle for a wide range of 

tranllfcr operations. The cryostat hi ueod ln conjunction 'with a tO 000-lb 

Instron tension testing machine containing 8: atreso-otrain recorder and 

.ttraln pacer. 
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I. INTRODUCTION 
· .. _. 

•. 
~ ' . ·• ,. ·, I .. ,.. )> ·.~ 

~: · ' In recent yea~ a b iner.eastng need !or i.nlorniation eoncerniftli the '·,~<". ' : 1 
'") ·:;· 

.: ; ( .·:~~ 'r~-~ ' ' ' <.~ ~ .. · .. ~~ >.:.· • 
·. ··. _::'. _;; .. propertlea o! m.ateriale at low temperatures has .developed •. Tensile studleo, J-.\~·;:,;:';~t:•; ·; 
·--~·-;-,~<-~·~··_-:··! 1 , · •• • tj f~+~.1.'"'-:r,"· 

',.:·; ::).;·. . at these low temperatures in pa.rti~ula.r, have made important contributions · ~: 

·, ,.. 

'.:·. 
.. , . 

·, ... ' . .:. 

. ; ·. ~- . .:~-
. ·' 

. i' ~;~./. '.:·=·· ~- ... 

~o understanding of the basic mechanisms governing the !low and fracture 

epe~lmen lo being mounted on the grip rods or removed after the teot. To 

avoid this dltficulty. a cryoetat has been designed which permits easy acceos.: l ~ · 
. . -~-

to the specimen holders ·inside the chamber through an opening ln the front. · : .. : 
. ~. ~ . : -~ : !- .,_ .. -

Thla feature ia particularly of value with tenoile tests that incorporate l · :_;: 

eonoecutlve low ... t\.Dd high-temperature tension steps with intermediate 

metallurgical treatment of the spec:lmon. 

Thia paper describes an easily ~onstructed and sturdy cryostat for use 

:~lth standard tenalle testing machines. Test specimens up to 5 in. lona 

~an be accommodated.! They may be stressed ln. the temperature range 

, . 

·' ~·. 

• r .. ,:.f. 

,. . . 

~ . 
,· 

.... 

from room temperature down to 4•1( by using ·Uquid heUu.m, liquid n.ltrog~n. ~·-
····i ' 

\ O ,l ':._ ~ A .. l 

-:~ ~·- · ?~'·>:·. or their cold vapors t\1!! re!rlgerants. without the use of external heat 
• -~.! :.~ ~-· 

•• ,l ' • ~ ·' ~ _A ' ... ·., 
•' .. t ,;·-.,·· ;" ;'!. . : 

'. ... ·. ·~- exchansers. The cryostAt is designed to withstand tenslon forces up to 
l. 

' ... : 'o-f ' ·~ :,: f ·.; ~ 

.: ~ .. :, , ~ ·· to 000 lb· and lo. uoed with a 1.0 000-lb lnotron tension te.atlng machine that 
• ,-: ~- -~ ' <II, ;.~ ' 

.• ~ . 

··\: . , t > .. 

eontalna a ctreea .. strain recorder and strain pacer. 
'., .:.-:..: ··• . .', 

-:'t • ~ ... 

.. 
. ·: •. .f. ;;~ 

.t·t .. ·. 1. 

;: .. • • ~-r .. ~:. _:.• .. . 

The llqutd-hellum transfer line with vacuum insulation and a bayonet-type: .: ' .. . 
~ · .. ;~ .• __ .. . . . i . ~ '· · .• 

valve which serves as a joint of two ceparate sections of the line and .facilitates :\('·,~·-;; 
'.,;--· ·::·; 

t·,. 
. . .._-; ~ - '. 

~·. . ~ ' . :: .· 
. :--. ". ~ : .. 

.,. · · · :" · .· · lnotallation a.re also c.Uacus sed. 
' 
. ~ i, . . :' '·. 

) 
/ . 

.'r;r·;..~ ·~..-:· .,. 
:~. 

. ' . ~·. 
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•· n .. DESCRIPTION OF THE ,APPARATUS 
.... · .. ·· 

·:··. '.·, . The baste design of th~; cryostat is shown in Figs. i through 3 • 
. , .... 

,',' •l"'. 

inner test chamber is insulated by sections of Styro!oam from the surrounding_ 

·• heat shield, ·which is at llqutd ... nitrogen temperature for tests below 77•K. >.J · · 
' .. '· 

.. ·· .. , 

. . . . ~ '.·- :. " 

··· · This ahlelding, ln turn, is separated thermally from the outer housing by · .. ( ~- ... ; . 

. : / g~>\f.J; ..• , ::::: ::::::::::::e::~u::t~n::::::.::nc:;~:l: ,:o:t:::n·, : ;].?4.;··l, 
: · · ··:.·cell structure, which wquld displace the blowing agent.· The cryostat houdng, ,·: 

·l.' 

.. ·and the neat shielding, 'as well as the c:oolan:t reservoir located on one aide 

·., of the. eha~bor, ar~ rectangular and are constructed of. aluminum alloy. ;. _;._-:J.;, ·." ~ 

The test chamber is accessible~. !rom the front through removable sections ; ···~~, ·: · 
. . . \ ;" . ,····: 

. . 
of insulation and doors ·on the housing and shielding. · Thls arrangement :.. ,.· •· ;·· ·. 

,• . 
• ·_ 'f -- ··.~' :-... .- .. _·,...,;· 

·~ .., ~ . '' .. 
~. •• • / ·: > 

permits mounting and removal of teGt specimens without removing .the '.' 
,! ' 

. ··, 

• t:•.J··'-'· 

"!' 
aryostat. . \ 

·.·_ .• · '· .. 

' 
-1, :.'!;·.,.: . 
. ·~· k .'. 

' ' 
' ,.. 

,; ... \ ~ 

The reservoir supply tube incorporates a metal-to-metal seal. 'I'be 

.. ~ sharp edge of the stainless steel flange bltee into the softer aluminum alloy 
·!. 

~ ,: I' ' 

.· ::· ,; . · · :; :t . when the screws are tightened. The seal ls ctlll perfect alter tho metals ' 
. \. ·' ., ~ . . '-

'.;. 
contract at low temperatU;res if the screws are long enough to provide the·. ~ "' ) ·: 

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

. ; ~ ··{~~.~--
·:, . , necessary elasticity. 

- .. -. 

Cartrldse-type grip-rocJ, assemblies (which can be eaelly removed from :-~; ;:·, :,. . - ~ ~. 

·, -··. 
,· ,·.~ ·' ·~ ~ f'< ~·, l .. : .... ~~: 

. .. ·.the test ehamber) provide the pull on the specimen. Sealing between the ':;;" ··'. ·,; 

• ·,, houolns and the griP rods Ia prOvided by a bellows uransement on top and · _,;:, :::;r,_:.:' ·' 
' _, .• -~ '':..):'!...; 

. . ~ '~ (. : . .. : 1'. : ~ ~·}~\ 
: , . :"·;, -: a dynamic 0-rlng seal on the bottom. The rods a.~e thermally connected .>; :~/:~?,t)</:· 

... : :: ·· ·:. _' ·;; to the heat ahleld by movable links with close tolerances. The temperature ·: ·, ::,::~-;.~;.~.' 
• ' .. ~. ~ ·. ~ ~· i •.. •. ' "'. 

·:,:·"· '<i .• ·J".i~: •. ': difference across the gas gap ls quite small, indicating ef!ectlve heat. " '7:·I,·J_:,{:?:}.; 
. / . • •t.'•·· ~' 

·: ·.; :'' _,. : · .·~ ~~ · , shielding ... · 
!-.'.{:. 

·~' -··· ·. 

~ · .. ' . ' . ~ ' ' .. , 
~· .. ·, -

'I 

. , 
,. 

' I 

. .'•' ... , . 
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. ,f, 

.• <" _\. 

.. \ .. 

. · . ' .:: l; ~ ' 
!" • 

.. , l .. 

The grip rods co.nsiet ol thick-walled and hlgh~strength sta.inlesa steel ~: .J;: ., 
/1·. tubing whlch accommodates a. small cartridge heater and thermocouple .: )'t~:;Y}t;. 

wires. The heat shielding as well as the grip-rod assemblies can be \_., .: ;t: .<~ ·.> 
. ' - . . ::·· . • \ ;,. .. ·· ·' '·1 ~-;~':'"-· 

heated to room temperature ln a short time a!ter completion of the tenelle ·. ., :.: ;>f: ~/:·. 
' . · .. \'i~: ~ .t~-j;. 

test, by means of heaters. Additional small heatero and thermostats are . · · ·~ •; .. '-r:;.: 
. . ) :·., :, :> .. ~i·fE.-: 

. provide-:t on the grip-rod flanges and bottom flange of the housing to prevent •;'l?;;,.; ::(<~f;; 
' ' • .. ~ ~·· i' ••.• .·.,:.

1
"·; .!', t.L~ 

the 0 rings from frfHl:dng and ~'l~ appa;atus from frosting up. An added · ·~·J\~·;;~:if~f 

feature of the h~llow grl.P rod is ~e provision for cooling the tube on the:.·;· ;j \::~~·pt;? 
~ . ' . . ~-: ;;~ i' .;· -~ .. ' 

... ;·"'' .• ·r inside as well as the outside by the c:old exhaust gas, thus intercepting a 
1 : : ' • • '. • 

.. · .. ·.' 
: . ; "~ ", ,l ·~ 

:. +<: ; .. :·: ·: 
' } ' ~ ~ · ... 

larger. amount of conducted heat.~ Specimen shlelda on the grlp roda contain·· · 
' : ' . . : . ' 

the cryogenic fiuid and assure economical cooling •. 

:-· ;.·;_r:··;_f,'~,·,:·/.,.: ,···Figure 4 is a diagrammatic view of the llquid·heU.um tl"anafer line,.·: h.· .. ,;;, .. 
·.~: ··\'·\:.·.:,i·:,::\,·,·.~·. which is also used for the tranu!er of liquid nitrogen for tenslle 'tests ~~ove 1

. :::: ~-. 
!, . • ~ .: • . . . .• . . ) ' ' ~ .. :' ' ~-

. ,. ~ . ' / • t ~ ' 

·· ,, . ·: ./;:,\··' 77•K. It conslets of three parts: the dbtr!butor. tho cryostat section,. 
·, ·.~. • • •' ~./:·(:(.',•" I t ·" 0 

0 

'. • 

,· ,,· ·· ~·. ' ·. and the dewar section. . . . 

~ . . ./ . :' • . i. The diotrl};)utor 1e located inside the cryostat and conslsto o! a thln:walled i :·_.{ ·., 
• I • I • • • ~ ~ 

:· 1~· /··. ·stainless steel tube of small diameter with a number of perforations thro~gh · T ~ 
.• .-~ · . .-~ .... 

. ... 't 

('.;,,'_, 
wblch refrigerant ls blown against the specimen·. It is connect~d and sealed 

to the cryostat. section by a ~pered-flange fit and nut. 

; .. The cryostat section contains a thin-walled stalnlesa. steel tube assembly . 

e~cased ln a vacuum jacket. Tho section hs bolted at the bottom. flange to .. 
; ' ' I) 

' ·.: . I 
·.·• 

. . thew~ of the cryootat in a fixed vertical position. ·The top flange has a -~: )_.. ;~·- . . ~ 
i ·.tl • ~ i ; '· 
t· ' . •. 

rlght•handed thread and accepts the nut tha.t op~ratee the bayonet-type valve. ; · . .. · 
. ' 

·~ .. ~:;i~~J' A vacuum pumpout for the jacket lo provided on the bottom D.ange, incorporating' ':;
1
; 

', '.·, i •' .· . ft . "" 

· ' ;, '·' a safety relief valve to· prevent the transfer Une from being damaged in case 
I '• ,, 

·~·/ ;'"' • / -\• ~- .' . / ~- .~l. t ·.. ' .. . (···• :,(;: \}' ,··;::::::::::~:::::; ::::1::::. h::: :::l:r::: ::::~:e 
: ' ·~.' ···~:, ,;! . :. . .:-:·:.:~)t~fi 

.. ·I . '~ ~ , ~ 
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;: . ,~ ;<-·.,: .. ·-.-~ ::, r ·t;-.. ~:-.: ~.;.· . ~· . : .. 

·.F··:'/· t'. !:' ·.~ ·· .. :. a gas gap with close toleranceo. Thus it serves as radiation ·shield &s well 
• I • ' 

. '; t '.'' 

as cold terminal on tho bayonet-joint tube.. A bellows between the copper .. · 
' ·,; 

•· 
. ··.·' tube and the bottom flange serves to relieve stresses in the tube caused <. ~ _:. 

. . . ,· :.· . •\ . \ 
. i -~ 

·;.~ .. ,,.,,. · by thermal dimensional changes in the transfer line. 

·<;\· ~Jl:,:·.';;.;iJ·: . • The dewar section conslets of a thin-walled stainless eteel inner tube~ · . 
. ; ·~ ··t''l>. -·\ !· ~· ' . . '•: 

• ;.-.•.. •J.• -!.·("' j,' ~ .I. • ' • - ·"· .• 

. .' '//:.J./.;':',i. ·.vacuum jacketed by eections of larger-diameter stainless steel tubing. ' .' 
r ~·>;I J 1-dn'r ' I'-

' ' I I '\ ~~ \ I 

·., . /J·.~-,-~·:;:t·~:·:·::.· Spiral-shaped spacers, made of strips·of thin stainless steel sheet, '-re 

".'t!JI~~&~' aolderecl to U.e outalde o! u., lnner tllbe at crltlca11ocatlono b> order1to •. :, . 

_·, .·~.~ .. ~ :/-~{~;r J)revent the cold tube from touching the warm outer tube during transfer, .'. '<.. ~-
~--~~--~~.a .... -\ :-~:i_~/t:,;;- .': . 1 • · ~ }-

"• 4 1 

. ~ . 
. ; ~· ~ ·-. -~. 

. · -- ij :,_:::··:r::r.;,:_:_< Thirs · sectlon· o£ the transfer line, havin11 two 90·deg bends, ,has both $nd8 . 

· '• .. · \;;'f::)I;(i,,:;;: ·.• fa~lng U.e' same way to facilitate "atabblng" U.e cryostat section and iu.e . . · · d ~L. 
--~·->);';~:~;·/:~\·~:..{~::·::> ·. ·· · ~ . '\- . · . ·1/~·:··v·<··-, 
·· ·_·'-':X:-:,:_,"':/:·;~t;: ;,".refrigerant dewar simultaneously during the connection operation.: The 

:, . ;_ .. 'j·;-~/?*-~;·i·_~~\~,1 ~-l_~)l,'\~1' ' ' J • 

: <·.//f'/.~-'~·.<.(.'i> · end o! the connector to be ·coupled to the cryostat section 18 a stainless 
-~-~>-\;~·:,::.· -· i~~ •• ·., 

::. ~ ~ .. · .. ~; ~;~:-~:_: 

. ;·.: .. 'J'i:l~'t 
s~~el tube, soldered to a tapered flange. and represents the ate~ of the . · ·,·. 

:~: ' . .- '. ~ ~ ... ' ; 

., . ... ~. 

.... ! ' . ~ ' 

.. / ' .. ~-
•. :.i ! ,.; 
. . . ': ~ .. \ . ;_ .. ·.;_;,.'' 

. . . . ,- . · .... 

, .. I 

bay~~t-tfpe valve. A Teflon .washer s~rvea as the etem tip. The two .. . ~ ' 

concentric tubes o! the valva·fit fairly closely, otherwise sealing by • 
. ~ ; . ~ . •, 

Te!lon 0 rlng would prove impossible. Their low crous-sectlon are~a · · . t ~ 

. __ .,..,). .. _, 

:. , • ~e them efficient heat neck a and result in a saving o! Uquid heli~~t. ·. · .. : ~ 

Sealing at the warm end of the valve is provided by a rubber 0 ring. . '~e . · 
.' f•. 

.... -;· .. · 

' < • : • • ! ' .• . ~ 

'· 
·' ~" 

·._I; 

.. : ~ ' ·•" . 
,._., 

·' . . . i . !' 

!lange above the valve stem has a left.;handed thread lor the nut which opens ·':,· 

··and c;loses the valve. This flange also contains a pumpout with a safety 

relief valve for the vacuum jacket o£ the dewar section. The bellows in 

. ,·, ~\·. ·: 
.j 

. ~. :

. -. -~· t_·' 
• -~ tf ,: 

~ ! ':' ~~ ~ ·,, 

this eection is. used !or thermal stress te11e.f. A eliding dewar seal assembly ·. :·. · ('•.-:> 

. '·: '.:. : allow • U.e valve to be openecl and closed without dlaturb{ng U.e ccmnectlon . ; ' ... ;f ~;} 
1;' '~ ·~ •• ;>·;< • between the ~anafer line and the dewar. It also adju~ts reaclily to any . ·' .: : ~- f ·.\· 

.; ·;., ~ ':· ·. : ·~ varlatton m helsht or dlfferent dewar a. ; ) :L ·.:~~ 
· . ..,. . ' . . .. > i . '. . . \ • i ~ . £··. ~,~:· 

.· ... ;:..: ·.'~::;'~.::·.-: ' . . . ; ; . . : ' .~.'jlijf~l}j 
) :-. f·. . ,. :-. ... ·\. 
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' ~ ' . ~ . :~ r: . . : : \:·'-. 
- ... ".. . . ·"' . \..' :·. ~ 

' .. ::~~.:..::;-~ '}ti·.:~(: 
-~~/·::_.•:' ·: '· : ; . . · __ ... : ':• ·~:" . . · .. ·. . . ' . . . 

·. ·~;: Temperature of the specimen is controlled by automatic regulation of . 
' ,\ . (, 

, the flow of refrigerant into the teet chamber •. · This is achieved by varying 

i': the pressure differential between that ln the refrigerant supply dewar and the· !_.,··/ 
I ' ' • 

back pressure in the chamber to obtain the desired flow. The temperature 
. . i 
control apparatus is similar t~ one described by Wessel, consisting of 

a temperature controller-recorder, a de amplifier, a potentiometer, and 

:. thermocouple leads with a constant.;.temperatu:re bath. r-

.. : Control panels., located at both sides of the cryostat, contain the eXhaust-. 

ma~!old and associated valves and gauges. 
••!-;, 

.. ,._ ~ .··> ::./·· ~ ·-
! : . '. ,. ' •.· ,.._:· . ; .. ~: ':· . • .... 

. ~~ c·r~~~t la aupp:ed~::: ::
0
f:::Oahead of the tenaUe teatlns j ~y· :: 

·. 

: ·.:~Chl~~:~·£n l~~arefully adjusted position lnsurins free movement of both . . .. : ~- ;: ; '·: 
' . / . 1 ;":· '.- :,: . 

·. ~~· 0:<:.:: .stlp ro4,1J. Tl:t.e top grip rod is connected tc:t the load cell on top of the fixed··.(. :; ·,: i :.· · · 
. . . ~-~ ·,·I'.~: ·-._.··;~,·-~/-_j ~If.-~:;.,.~ 'I . ' .-... • I b. ' ! 
..... ~ "'l• 1: ~ f·l .\ -~.·f'·:.-< ~·:,..·!:' 

. .. ' · ·croJshead. and the bottom grip rod is fastened to the movable croaahead. :~·l·> .··-~ , .. 
1 • • , I 

1 
, : ~ : > 

· . · ·', ·" ·:·The cryostat'" section of the liquid helium transfer line is bolted to the back .·. 'r;·, .. . i ·':.~:: 
; ' .. • ; ~ . i ·:.( -~-~.:- ;~~· 

. •· ·: . ··. • .· · of'the test chamber, and the distributor inside the c:h&mber ls clamped to· . ·· .· , . .;.~ ~- · 
•. -;i_ ' • ' •• ··~.- ,_. . ' • f • • . . • •• , ( ; • 

,. • : . ; l. ': .• ! . ~~-· .. :·. 

' .. ' ·, ' ' . that section. : r-

' ~ .. 
! . ! .-<-·· 

· ·· .'_) . >:··~:;_;:_ .·_'·After the cryoatat has bee_n opened by rem~vlng the doors and sections,~- .. ; :,_ 

. ~--· .. -~;~ \:·:·~.~::~··r olbieulatlon, the specimen shields are lowered and the test specimen is . :· ,.,T 
-: ~ •. : .~, 

',"1 • •• ,. 

• >'<~'·:· 

' i : .. • 
'''. ft10Unted on the grip 'rods and pinned to the holder a .• Then the shields are 

"(' ·~ 

;; ' 

~. . ·' . . . . . ·' I , . • ) .' . ; •. , ·:; . .., 

:·.··.\, ,· ,, .. ~ ._-:. ralsed ln place again, and care is taken to screw the shield seal nut tightly , ! ·. · ~-:·.:~: 
•• ..... -~~ '~ ~ .. ' ~: . . . . . 0 . • '· . . ~· ~- .·-~~~·~;,.p_· ~;: 

aga.hust the c91iar of the bottom grip rod. ·The bottom shield, in turn• ts , ".~·':~. ,.;:_: ·, _.. 

· . ..: ~. : :.:.~; t . 
'( ,' ·:.•. . _ screwed tightly agalnst the nut to prevent leakage ofllquld refrigerant 

,. '. : •• ! -·~::;)·· /'.t 

·.' ·· /·'. ;. ·through the threads. 
'·, "!_: :. 

r •. 
1,,., •. 

\,• . ... 
Now the test chamber is closed and the llquld helium tranaler line is : 

·.. .. 
'·._,,_ .. ;;.,->; 'L .. <• -<:connected to tl:t.e pre:rpositloned refrigerant dewar and the stationary 

... } . ./,'. i .;·~- •, . ·i . · • .,.. ·.-. ' . 

", ' · ·:·f:'-('~t'.t-. ·section on th~_cryoat&t by "stabbl~" both of them tdmultaneoualy from .: ···::.':':;~··~:·.',f.;~.;YH: 
:t~(·.:-·\:J~.~. . ·. ., . . . /'- .... '· ' i ,;. '\"' ~., ... ~- .t 

--~. \'· ',t .. .''}'··;r.~- . > 1

t •· • ::· ~:···:: ~:< v·._·.·.:,;:·_. :_·.:_: •. ·.; __ .:_~_:· .• i_-~;j,·· .. ,:<_,_ .. ·;~.· 
·.:· :.·.:~:':(/:::_--·.:·. ~~·· .·' ~ .:· ." 

> _;; ... ; ; •• • • ! ' • ; • ~- !-. • _ ... 
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.:. '' ,· above in a vertical motion. ·The ~ayonet jo~nt gives rotational .<large)·· 

··r.·, ...... , 

movement, while the ·nexible bellows above the dewar neck gives translatio~l :(:,' 
,.· 
(small) movement to compensate for small differences in position of the·.· • .. · 

, dewar;; During the c:ool-down period of the cryostat the bayonet·type valve 

. on the line remains closed until liquid transler ls required.· A moderate 

. vacuum is being ptill.ed on the test chamber to eliminate as much air and 

•. moisture as possible.· Then filling of the shielding reservoir with liquid 

nitrogen ls followed by direct adcUtion of liquid 'nitrogen to the inner test· 

.:·~ ~hamber.· For tensile tests below liquid nitrogen temperature,· the nitrogen. ;; ,: 

, ls removed by evacuation after co~l-d~wn of the chamber to 7'7•K has been,·:·~( 

•·. ~·;~{' .:. )'' 

.;. ~.) ~:·~. 
·, 

. ~ ; . . ~ . 

. . , . . ' ' . . . -~ 

completed •. Then bellum gas.la admitted to the cryostat 'to flush the residual 

nitrogen gas, and a vacuum is pulled once more. Next the liquid helium le 

·moved from the storage dewar .to the precooled test chamber by imposing a . 

slight overpressure (2 to 3 ounc:es) on the surface of the liquid by means of . ·. . . ' . 

:,;":)·· .. ;·:_: ... 

•• f • 

·• . ·.· .. 
. ' ... 

; ··:·~··:::.·~.-;~ 
'i. :. ~ .. 

' . 
bottled, pure helium gas anq by opening the valve ln the transfer line by 

• 
' . ~ r. : 

means of the valve nut; wh(ch has right-;and left ... handed threads. ·aeat h ·· , l' 

extracted from the internal components ·of the chamber by .aporlzatlon of. ' • · '•.:,: ( t·'·};: 
.• ~ • • •.• c .. 

the liquid and change ln enthalpy of the gas as lt rlllles to its exhaust temperaw.re •. • '; ·,· '; 

... . ...... ~ •:~ . . 

. ,. '• 

. The manual valve on the ma.ni!old is open during this tlme for rapid exhaust., i·'.:::'~~f:'' 

• of large volumes of gas warmed in the initial cool ... down. As the deslred l · }, · · 
temperature is approached, the manual valve is eloeed, .leaving only the · 

, . 

!!", .• 
' . • ' '.f . . ' . . ~ ~ . 

• • ..t ".•. ... ' . small solenoid valve ·open. The tensile test may be started when the 

. . ...... ~. 

predetermined temperature is reached. . 
',. 

Upon completion of the experiment, the flow of cryoge~ie liquid is 

; cllscontinued, and the heaters are turned on to warm the teet chamber to . . 
room temper~ture. 

:;. 't ·· removed. · 

T.he warm chamber' may then be open~d and the specimen 

'.,, ., 
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The czoyostat 1s· fairly economical in the .~onsumptlon of refrigerating · · . 
. . •, 

U.quld. For tensile experiments at 4 e K about 4 to 6 liters o!l1quid helium. 
' ' . . . 

are used, which includes both. the liquid consumed due to transfer losses. 

and that due to boll-of!. At higher teat temperatures the consumption of 

cryogc.:nlc liquid ls proportionally less because of lower heat influx and-· 

the ability of the cold gas to absorb heat • 
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. , . , . :". F, shield seal nut; G, grip rod; H, . specimen holder; I. spedmenJ 
::~_,;;!~.;:.,~· ':~~'~-~··;_,; __ ,· .. J~ 

~. r" 

:.,I 
. " 

• fo· •.• 

'x 
doorJ c. heat shield; D, heat shield door; E, specimen shields; .. 

·: ... :.·;;;/~~;·,:, . , ••. ~t::;::rf:: ::r:. ::a:::ea::l:e:~:=~t0~xbauet; · M, 
... --··.~-~-, . Fig. Z, ·Cross-sectional top view ot cryostat without grip-rod assemblies.· ,>::<;-?··:':f'it't· 
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·nut; F, dewar seal; G, Teflon· 0 ring; H, Te;flon valve seat; I, bayonet-' 

type valve; J, heat shield; K, vacuum and relle! valve:· L, ·pressurizing 
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