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ABSTRACT 

, . 

·' 

·::~ 

··.·A c:ryo1tat with a. load capacity of '10,000 .lb ha.s bee~ deli1ignsd fol' .· 

u&J~ with Bta.ndard ten!!Ue te9t:h::aa eq,uipmsnt in the ~emper&ture range 4o to 

)00° K. Specimenm up to 5 in. long catt be mounted. ea0Uy on ~be ~t:ri? Iro.ds 

through an opening in the front oll the temt chamber. The cryoeta.t i0 U!1iled i£1 · 
. . . . . ~ ·. 

. . . . 

conjunction with a iO,OOO-lb Ins;tron ten~ion testi!llg machine containi~g a . 
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L INTRODUCTION . 

In. rec~nt year~ the need for information concerning thr! propertie~ ot 

. materials at low temperatures bas h:lClreaeed. Tenaile studies. at tb.eoe low . 

tempe:raturem in particulall", hav0 r.aa<ie impot-tant con.tributions to u.nderstand.it1g 

of the bae.ic mecha.niams governing the flow and fracture properties of engineering 

mate :rials that may be uEJed. in lcrw-tsmpcer~ture inetal~ations. 
·. . . t-5 

Many .tenoUe c:ryoeta.tG are deFJcri'bed in the litera.tture. In meat of 

thelile systems the teet cha.mbalr baa to be moved. out of the w&y when the eped:o'l·1en :, 

i.e be!ng mounted on the grip rode or removed after the teat. To &void thi~ dif

ficulty, a cryostat has been designed which permiu easy accese to the specimen 

holders inside the chamber through an opening in the front. Thls featui!'e is 

particularly of value with tenmile teste that hu::orpora.te con~0cutive low- and. 

.high-temperature tension stepe with intermadia.te metallurgical tr~a.tment o£ .. 

the 0 pecimen. 

This paper describas GAn ea~Uy cont'tltructed and. sturdy cryo£~tat for us~ 

with standard tenmile testing n1achineo~ Teat opec:!meno up to S in. long can be 
' ' . I •' 

accommodated. They may be etretZsed in the temp~erature range frour :room 
. .·. ' ·:: .. -~·· \ ' ~-. '. 

t~mper4flture down to 4° K by uming liquid heH~ or liquid. nitrogen, ~1-. theh" 

cold vapor,o, am· refrigerant Ill!, vlithout the use o~ external heat exchang®l:'~,~, 

Tensile samplee cooled. by gaa rather .than Uquiq.~ are more subject to loca.Uzed. 
' '• . . 

speclnlen heating a.nd. conoequent discontlnuouai sUp. because of lower heat 

transfer rates: however, the impingi.ns,·.of cold yapo:a- on a whole side of the 

teet cample at hlgh velocity t~!:nds to mh:d.mize theae effects~ The cryostat ie .. 

. deeigned to withstand tenl.llio~ forces up to iO,OOO.lb and im used with a 10,0QO .. lb 
' . ,. ' . . " · .. 

Inst.ron tension testing machine. that contains a et~ea.u~-s~ra.in recorder anetotli'~nn 

I •. 

{. 
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;. ri. :. DESCRIPTION 01t THE APlPAR.ATUS .;. . 
. ,;: . "'{ -· . ..:: ; .. : ~ 

·.{ ~- -~} 

.. Th$ 'bamic .dem~l6l>" of the cryo@tat ia sbowi11 in .Fi~Z•~. 1 through. 4.' Th~ . . . . . . . . ' . 

inner teat eM.n1ber i$ inl:ili.r.l.<l.ted b.y .li!lectio~ii of Styrofoam from tl"C:~fG~ur.rcuucUng . 

heat shi~ld, which ill at liquid-nitrogen tempercatu.re fo~ te®~s b®low ??$ K. 

This shielding. in ta.uliii~ is· aepiu·Qtecl thormaUy !ronu. the outelf hou~ZJin!£ by 

additional Styrofoaxn n1a.teria.l. 'rhe inau!ation h~fJi be<elil cut· tc fit a~d then ~o~ted . · : 
·. : 

. with epoxy resin •.. · 'l'he epo~y coat ::reta:rdo t~e di!l'!'lll>lion of eoola.tlt ~am into th~ 

cell etructure and eons~quent b:ac:rease h.il thermat conductivity •. · The crryo~SJtat ··• 

housing a~d. the heat ehl0ldina. ae well ~S) the shielding x-~servoir located ~n :' .. 
one sid~ of the chamber, a.:re rectangular and. are con~tru.cted oi a~~ninuxn .alloy. 

·,, •. ··The temt chamber iii. accessible from the front through rer~~vable ®ecdone 
' . 

of insulation and doors on the houaing &n4i tJBhie!ding. l'hie. arratlgcment permit~ 

. mcuntbig aud.-'remo·wil ~f teSt SpecimerMJ W!tklOUt.remowing the, C:tyostmt.·, ., 
. . ' . . ' . . ~ . - . . ' ' . 

:>: · • Th~ ree,u·voir supply tube .(!or coolant to the ·eJ.hield)_:ehown in ,~"'ag. z· 
.• · ..• ·;_--i.; • . . ·~'···,( ~'!.·, . • ~'-·. 

.. ; incorporatetr a metal-to-metal aeal.- '!'he oh&rp ecl€le of the ata.!nleas ·t.ilte~b;~, . . . ' ' . . . . . ·. . . . · ... • .... . : . 

i!a.nge biteQ into the eoft~r 4luminum &Uoy of the_ heat 'shield wheu'tiio. GJclt'ewe 

· ar.e tighte~ecl.·. The meal is still perfect .after)he ~et.:dm ~ontrg~f·~·low telrl~~ra .... 
' ' • . I ' ' . . ',·. • -<- • ' • ~ • • • • ' • 

tul"e if the ~!~r.e;~.g are long eil'i.Q~Ii&h to provide ·Cil~fichmt el~eticity.,'. ' ··:· 
. . • . '. • ' • ' ' . .i ... ' • . "~ ·, ' • ., ...•.. 

· Carlrid.ge-type grtp .. rod. a.aoembUes. (whlch can be ea:wHy rem'oved from 
,,/ ~ • • ·, • ' • < f 

I' , .. . '. . . . . , . . , . . . . . . ' ·.· ; ·. 

~he test chamber) pr,oV"ide the pull on the opechnen •. Seallng b~tween the housing ' . . . . .. .· . · .. 

_and the .grip rods bJ provided 'b'y a bellows. ar.ra.ngement on top a.nd a ay~£a.:r~n1c. 
. . . ' 't .~ . ~ ' .... . : ~ . 

. o..:ring ee~l on the bottoln •. ~· ·'.· 
· ... ', . . . . . . ~ " 

;-.. ·. . .... · .. ·. 
l, •• ··" ,' 

' · · ·· . Th$ grip rode condrat of thicl(~·wall~d and high·e.t;rength:eteilnless '·steel· 
~ . . ,. . ' . . . . - . : . . ~. . : . . 

tubing .which accommod.~tee··~ .small cartridge'bea.ter and therr4ocouple '~'iraft .· 
. . . : . '• . ' ' .. · . 

. ·',. to eence the sample temP<'!l"atu.r~a~ The heat ~hieldinj.,' .a.m weU aa the arip X'Qd 
j ., .... • • \ ., ' • '· • : •• ·:~ •• 

. i 
1 

. ' .·• 

,, \/ 

·.' -~essrnbliee, can be brought to l';ccm temperm.tu:re by meantJ c! th.e heaters hn~ a' .. 
• i. • ·.;. • -~ • ; ). • • . . . t. 

shOrt time after complmtion of the tEm@U·~ r.e0t/ '.~'>t.d.ditional ema~i hea\t'!fnfs,and 

. i 
i 
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thermostats are provided on the grip rod fl.angen and bottom flange of the 

housing to p~event the 0 rings from £reeshl.g a:nd the apparatu.a from frootina 

up. Braes spec:imen shields on the grip rods make a cup to contain the cryoaenic 

fluid around the oample. 

The c.old exhaust gaa vents from the cup through tho &nnula.r epa.ce between 
' . 

the mpeclmen chielda, thue creating nn environment around the tHAmple at v~ry 
' . 

. near ~he test temperature. The gue flow then· divideo, and goes both inoide and 

. outside the grip rods. Since the flow of the exhauot gao ts in the opposite di

rection to the heat fl\L~ along the grip rods, it makes the beat u&e of the refricerc:nt 

capability of the cold vapor. The heat flux to the lO\"'I·temperature region io nlso 

decreased by lowering the temp0rature gradient in thie region: A portion of the 

heat £lowe !rom the grip rod, acroea a narrow gas gap to the ~hermal sleeve 

(see Fig. Z) and from there to the heat ahield.inf.t. 

The coolant distributor ia located inaide the specimen shield5 b(!oide 

the teat sample, as shown in Figs. Z and 4. It consists of a thin .. walled 
. ' 

. st~nleee steel tube of ema.ll diameter v1ith a number of perforations throueh 

which re!pig~.rant:. is blown o.ga.inot the o·pecimen. A tapered-fit flange and 

nut connects and sea.lo the dilltributor to the liquid helium transfe.:r linea. 
. . . 1 

The temperature control appara.tuc lo similar to one described by Wessel. 

consiating of a temperature controll~r-recorder, a de amplifier, a potentiometer, 

and thermocouple leadm with a constant-temperature bath (which in our cn.oe is 

the liquid-nitrogen-filled heat ehiel.i). The thermocouples arc attached directly 

to the specimen gage section a.o well ao to the upper and lower oe.mplc gripa. 

Control io effected by the upper thermocouple. 
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The coolant flow h~ i~tiated by pressurizing the refrigera~t supply. 
' . . . . . . . . : . \' 

Dew&il.r; . The rate of flow is regulated on the war.m or gao ·aide of the GJyatem. 

'c 
i 

~by va~ying the back preosure in tbe chamber firGt with a ma.nual valve and then . 
_"t·' -~ 

with a solenoid valve. ·The automt.ll.tic temperatu1:e. controller ·operates the. ·. 

· • ooleno1d ·valvs· and controle ita on~ofi cy.cle. : .. 

. ,. {'I 
. . '~ . 

Contr~l p~elm.; located at both sides of the cryoetat, contain·tbe.ex~ i, ' c ·: •• ·.~ 
0 

•' • o• ' ·••'• 0 0 :.-lO'of ·:~~·,, C 

0 

• 

0 

, ' ' • 
0 'j_t:·::~~;~.:.~;i;t~~~~;~lf£!' . .- .. ~· ~ 

ha:uliilt manifold and associat6cfvalveo and gauges, illS a~hown in i'is., 4~ . ' ': ... ;:.:.'. i 
,, .... •; . ' , .. , ... ' \'• . · ..... ;··. ..\· ;:·. ·\.:·:;·.', l 

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

II~ TEST PROCEDURE i ••• 
... ; ~ .. :···(··: 

·.·: : .'. ~-. . . . ' 

· T·~e- ~ryost~t is· $upported from the. fixed· croeehead of the tenaiJ.~ t~Bti~g .- .·. · i 
. ; : . . . . .. . . . . ' ' . .. .. ~ ; . ·~ ·. :' ; ~ .. ~ 

machine i~ a carefully sdju."tllted position insuring fr~te movement of bOth t.;rip rode. 
' "' . ' . . . . . ' 

The top grip_roclls connacted. to the load ceU on top o! the fixed c~oamheadp and .' 

~ ~he ~ttom g~ip rod i.e faf!ltened to the movable croaEJbea.d.. ·.\The cry~atat oectton: 

.of the ~iqUld helium tranGl!er line ia bolted to the back of th~ teat chAmbers and ·:- ... 

the distributor inside the chamber 1111 clamped to that eection. ·.The liquid nitJ.•o-:- ·- . 
... . . 

gen transfer line is bolted. to the inlet port shown in Fig. · Z. . . . 

After th<7 c:z:yoatat ha.o been opened by removing ·the doo:re and the sections 
. ' . . 

of in~u.la.tion, the specimen ehielda are lowered and. ~he test specimen ie mounted 
. ·.· '. :· . : . . . . . . . . . . : ; :. : . ·. -~- . . 

on the grip rods _and pinned to the holderG. Then the ehielda e.r~ raised in place 
.. 

· aga-in a:nci ·~are lg taken to acrew the shield seal nu~ tightly against th~ ·~ollar of 

the bottom 'g~lp rod. ·· .. The ·'bottcr:n Ghleld, · .iri turn. ia e~~ew~~ tigbtly,~g~no.t the 
. ~ :. .. . . . ' ' . ; . . . ~. : 

· nut to prevent leakage .of liquid refrigerant through the threads •.. . . . .. . 
. ;· . 

No~ the test chamber is closed and the liquid helium tranefe.r line is .. 
.... ~ ... ··::_~(,,!~j. . .• ; '·.- .. ; ··\~·:: ... ~ 

connected. to the prepositioncd ref~r~erant·Dev;a.r and. the stationary _eecUo~·on 
.. ·· .... '] 

.the cryostat~ I)uring the-~ool-down per.~od of the cryostat the valve on the· line 
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pulled on the test chamber to ellminate aa much air and moisture as pooeible, 

Then filling of the ohielding reservoir with liquid nitrogen is followed by direct 

addition of liquid nitrogen to the inner test chamber through the liquid nitrogen 

inlet port shown in .Fig. 2. ~·or tenmile teste below liquid nitrogen tamperat'I..\X"e, 

the chamber is cooled to 77• K, the nitrogen is removed by evacuation, helium 

gas ie admitted to the cryostat to fluah the reoid\.\al nitrogen gao, and a. vacuum 

ia pulled once more. Then the liquid helium ill! moved from the storage Oaw~r 

to the precooled teet chamber by imposing a olight overpresoure (Z to 3 oz. per 
. . 

in. 2) on the surface of the liquid by means of bottled, pure helium gAo and by 

opening the valve in the tranofcr line. Heat ic extracted from the internal com-

ponents of the chamber by v<:l.pori2ntion of the liq\lid and change in enthalpy of 

the gas ae it :rices to lU exhauot temperature. The manual valve on the manifold 

is open during thio time for rapid elchauot of large volumeo of gas warmed in the 

initial cool-down. AD the desired temperature is approached. the manual valve 

is closed, leaving only the small solenoid vah,e open. The tenoUe teat may be 

mtarted when the predetermined temp~rature io reached •. 

Upon completion of the experiment, the flo;, of cryogenic liquid is clio

continued, and the heaters are turned on. to warm the teet chamber to room 

temperature. 'I'he warm chamber r.llay then be opened and the sp0c!men removed. 

The cryostat ie fai~ly economical in the conoumption of refrigerating 

liquid. For teneile experiments at 4• K about 4 to 6 liters of liquid helium are 

used, which includes both the liquid consumed in tranefer looeee and that Vlhicb 

boilo off. At higher teat temperatures the conoumption of cryogenic liquid is 

proportionally lees. 

,, .. 
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SCALE IN INCHES 

MUB-3880 

Fig. 1 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use df any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf' of the 
Commission" includes any employee or contractor· .·of the Com
mission, or employee of· such contractor, to th~ extent that 
such employee or contractor of the Commission, ~r employee 
of such contractor prepares, disseminates, or provides access 
to, any infor~ation pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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