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~ ., ·' ;-<~ : .,~ :~--
~ .' .·'· ·-.: ... ~."".~· -'f. "#-'_ ~-· ~ 

. ·• f - • - ·.t ., • ~ ~ - . - -.~· . • > 

' .. ;_' ~-· --~·- .. ./:~.~ \ ' .. l'i, 1' '•#. , ~~ -. -~ • 

. . . .. :> · ;_!'~·_.(::.:::;·~:;:·· .. ::·:·· ;.: .. ; ..•• ~~ ~:. -~ .: .. :, . '.· . -a~._. ..... · ... -. .. . __ 
'.~- _:_ :·1. ·-·~--~:~~ '' ·... '· : .... ~·.-~: .. :>':A- s'n{ptE~TWQ-STAG~:.MECHANICAL'REFRIGERATION . .; · 

',.'·:>>' .. ;,.~· . · "'. ~:·.'if·~·.·-::···· :':sYSTEM FOf.C COLD; TRAPS AND BAFFLES · .. 
. :..~/. -~-; .. -:.:.,:;\~:-;}.>Si\'.· ~;:.·;::.::_ .:. :. :·: ~:~_;,~ -. ·:;_:.~.:. · ;:-, ·.·.·. ..~ i ·. : ~· ..... ··:. ~ .. < · >-:\ . · .· . 
. · · / ': . . x ··~ .. ~--. .<'- · .:· <, . : ~-.·Patrick B• Kennedy· and Hugh R. ~mi 'th . 

·.:· .. ·.;::~· •. '~ ··:}'· .. :.:,., ': ·~ ;,~1~:-: ·<:.~ .. ~-· .. t. l •. ~.) '·;:. >- .. : . ·. . . :, '.. . . . · .. '' .. ·; . ' .. : ' . 
• . ··.·, ·, .·r" •. ··~· .•. ·.;· • .. ,.:'· ,. · \ ~\ • .·, .'.'-·. ·~ ... :RaA.i·a·tion· Labo·.,..a· ·t·. ·or.y·· ·. · ·· ;· .. · · ' · .,. .._, . ,.r ·-· .... ...__ . " ~· :-- , .. • . . .. . .. '"N ,. • U . .,.~;.. - . ,.. -~ • . 

· ;: ~.:.·:~·:'~.; ,):": .. ~' '··.;·,· ~un.i,vers"i tJt ·ar-'calif'orriia., Berkeley; califoi-nia 

<._:;, ;~.~~~:~~.~,~::?EJi~~;;~!~!Yi;:'·~: ;;:~~o;::~~~x1955 ~ : · ·. · ' . · . ·.. , . 
·: ·,_. '. ' . .:.:; ~·: :·~~~·s'lpi'pl~:~,.ttie'charil;(;~~ cr~frj,gerat,ion's:vsfem' is described for 

1 •. :j.\ ~···~-- .···~;-·.~·~~ .. .<.··:···.~-~~. :~· ~:,,-·£ .. ~~-~-~-::_._..:.l./:..···&;_;c'_. ~~-~~,."":·:;_f .. -;_ ..... ~--·.:",~~-;:.--~:· ·'·. •· ·. ~-.·_, ,. · . 

.. : ~;;~': ·:~· ..... ·.:B;pplfciatiori :_:t~.:)fae\J#in .. ~sys;t;ems·. requirip.g·. baffle.· <;>r ,trap temperatur'es '. 
1;:~ .;t ;,; ... , •. :_·:_· .. ~-~-:··.· .,~ ...... ~· ... :; ... ~··.,.·~ '.f..t ·:--~ ... .-···;:,_._::· .. '-;: ......... \ .. ' •.. · . . ~ ·.1 . • 

··. _': 0:·· ;<.· •. :~·?,::J,p~~;~. to:~.i.tl'¢,~~;:~ .. -,~he·· ~Y:~ie.~· .. ~~·.:a.esorlbed::·i;~ ·~~~d to· re!'rigera te 
; "':~ ~ ~\'" ... !.~.'!..~.·~~~ • ..... : ... ··;, .j,.~;·,~·; .• ·.,~· ,.t:_.-. ~ ..-... ~ ~.. . . ~.:;!- •• •• •••• .. 

· · t,~ . . · · /t~Ef~ .. bairfl~s·,(o;·:)1:·.3~:-fn~h··mere~y .at,rfusion pump. At a typical 
': ." .. :'': t,.; ;<; ·., .. ;· :~t":o:·., ·/ _ _';·: ,.:, -;;;. ~>:... ', >· :·" ·; i' .,'. : : '.~ .: ·. ' > ' ' · .. ' :·, •.''. :,''. . ' 

·· · .. - ... · .. ·\i: ·:oper:~t:tnk.<!ciri!lltion .it··wrl:L .. handle·;a• total: heat .loaq. consisting 
·.~ '\ .(. •,;J• ,..,.: "~ ·. ' ' : . · . .., .··~· '• '_ !,\'·_, • ~ .. ~· -ir~~-_,;-~ "• ;r- ~"~.' .~/ ~-< r:- .:. ' '. '··: ~ I ; 'l'. ·,. •, . ;.; ·~ .· ,. ' ' .'' '.., ·• ·. t" '. ' ; . < "I •. • • 

; .... ' ~· ... ,6.t< ;l'i4.(f~~th/no\lr.· a:t ·-ri}~ot, find~ 7.50 >i3tu/!1o-ur at ·:-·:~.7°F. -\ <'· !3'~· . : ;: ·:;- -:":::.~~. j' .. '~.-'>, -~· r•_ ' ' · · ·; ~, _::· · · · -:: · .. · ' .. .':' •· · .. · · . •' ~· 
:, . '-· ... ,' ::.·•The·,sys'tem.has.certain'adval}.tages oyer:the ~ammon pres~ntly 

~·- -;.,.,· ~·· ·~',.A·.y,:~~ .,.....-to,,-,:,.. .• or •.• .. ( '• • .• )'•: .···\•' ~-·· ~ •• "\. • •• {" , • 

·.· ,,. ·· .. :·:·:~ .... :~ ~p-pi~~d~,~~it1·f~~rr:£gel'arit ·~:a~ciade·.·,t~~~~,~~~·. f~r· ~ttainirig. te.rnpera-

.... ·~ ·.· . .-::;'ttiri~~>~;~h:~b, ~l4<P£I~:~_: ... bhl~;_z:·si~g~e(f~·t;ig~~~~-t .1~.,-used .in 2 
· .. ~ ~-~~-~~.i :. ? ::·._-· .. : . :{:~ : :--~:; t ;~ -:~:·~ ~~>"~< .' · .... t ·:~ .· -~·: :< ·. ·!~:·; ->> . ~~ ·:·<{ ~ -~· .. • ~-r) "l· .· ... ;. . ·.·- . ::;·· . "~.: ; .·. , . ' , . - , . _: 

· , .. ).;~'ta:~~,S~,ri.~~1~·g~nf~S~i.<?~·'· :h~I!Ce· ~he' l~qui¢,.~nd .S~UC~iO.~ ·lines need not 
./' ~·:.· .. ·_.- .... w,"4. ·.,·· .. ~··.~·0: _ _;-.f_·:,·.".;~-.·< ..... :~1 ~ .. :. :·~:~·~; ;,.~ ·-~.-~·,~· ·'".' .~<:"·~·. >·.1< · ..... ~.' • .• 0 

.. : •• 
1 
;; • :: '' oe''insulat~<i )ind:~ma,y:.~be. as .l,qrig >:as. n:~ces·sary \o{ithin the liini ts 

·,, ~··"'';'~~,~~·";,,:>:.<~ .. <.:-,··:·~::· .. ·;~~ .. ;·;,:-.:·,·.·~.:' <.> .. ~··:, <:~~ ''-·,:· ,';,'. ,: .. ' ;' .... ,'' 
" ··} a~e~t~teq.·;:t:>Y .+1.he pr~S.$'\it~··.d;rPP•. :· Furthel."·; the system .. i$-.not 

-\ -~-~~ :.,~ ·.\:,!-·.;f.i\····:-_~ .. " .... >' ·~·;_.~_.··~·.'"'·_1'·~._-_.i-';···~·~~.,f.-~'·'c';,i·:·.~._ .. .,._".":~·; .. :·.·:•-:_,_~. _.· .~<~··"): :·J. ·-~ ~~<.. ·.·· , " . 

· · \ . t_ .· . ·c~~·tic.a~~lY'(:C}l~~g~,d ;·~ll:q.~ :~~~-~e; :<,qua_nt.~_~les,'~of _condensate are available 

. . · : :·. · <i~~ ~ i~:r~·J:.'~cii~~~:: :~;i~~~d ·: bait·~~·s ~~~·:::~;·ap~. : s tanda~·d refrigeration' 
-· -·~ .... . : ·~~·-._ .. ~~.:-.:;·.··;·-:·.~~ _.: ~~-"··,~-... ~:~~4-~,\··~~-:.·~ .. ~.::.-· ~·:-":.~- .... r.~· .. ~···."' ~>.( -~·- .;.-.::,·~--.-·"''. ~ .. ·· .. ¥: .··f :; ___ .. :·:_ .:::· -:.'~; .:.-.~"' ·~ 

· · ~: · · ·· .9:Qf!!P.on~ri~~.\~re·:,::}l~e<r ·t~to~ghp~t:·.s,o ·t:!lat .~·the 'system 1$ ea~ily 
!"« • " ~ ">-1'- ..,_ '<~ ~ ~" , • ~ ''):~·~-·,-. .: t;._, ~.- "f ,.•""" ..., • 't ~"( .t 'I •'. • • -.,. L, 

.. ::.' .:adapta:bl~·"·tor")scale~up· ot: ~ca·l~-down. '··.. . ' : .. ' 

.· : .. ·; ;'~.:-~:; ;¥;¥if~~&~-'~t};·a~~· ~i~~ .f~r' : ·i'~I}ge o~ temperature' from 

· " .. · .. · .~·3:-20,~~·: tA·:··~:i,a<¥ .:.:_ ·~:~. -~·6~t. ·a~~l~s·~s· .is ·also ;tn~luded · t·o compare the 
-· • •• :· !<t. • •· .'.":'-.'~~··· -~ .:\·._~-~~~·,.;..::·~·5·--~· ~~-- .... ·.~-:-·.·.' .. /. ~..f·t,::.· '< :~.,_<~·. ~. ~··: ,_J ~'- ~,j: ..... '. ·.l· ~~~ ..... ,: \: ' .• 

SY$.t.~m ~~t!I .902-tricf:iJ:9ro~t&lene refrigeration that was replaced • 
• •, ._ <"- •• • •• ~ ,·. ., - •• ·:_-~ t. j~·.: ' . ·. ~ ... ~ .. ; ...... ~. _·: ~- ... t • • , ........ ' : ' ~ . 
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~ ·•. . ~: ·-.~ ;'~ '··~ -! ~ '" .• -: •.. .' • ~~.., . 

:.' .. , ·.· .·.'.'.,.":.; f ;:'r'·•, ·. j ' .. , ·' ·:··. ·. . '~._>, _: ; .. ·: . . . . . , .. :, : ': ,.·:, ,.: .·.- '<· .· .· . A. SIMPl-E _TW(}-oSTAGE.)1JsCl:fA.tHCA~ REFRIG:ERATION 
·· .. · .. ,·, : .. ···::;:·. ···' . ..SYSTEM. FOR: COLD.•TRAPS AND-..BA:F'FLES* .. 

~~, .: ~; • .:···: > ; ,., ' '~· ..... _ .. .,.• 0. ,·. .; •· + '' ';' ~-" "j • •r ~~ ' '~ { ~ • • ' 

:·_, . : ·· · · . ,.:, : , · -· ' . ·:.Pa;tr ick. ·B ~- . K:~:tnn~0:1': arid· Hugh ·R ~ s·mith . · 
·? ;,·;:···· .. \-'. :; .. ,.:' . .': '.·:>."-:-, ... ·.• <.·~···.:· ... ,· '_., ,•\·, <·/·, : 

. · .;• · :·:~· ... '.~· · ··~:.,\_'·.:.~:· ;. : ... · :. :· ··~\adia:tion.-·Latlora~9rY , . · . 
• ...•.. >:· ... · ·.· ·. ;:t ·.~¥!1~\T~r.s·~-~y .. ·or paY:!.'f:?f~.a, .. Ee.z:.~e~~rl: ';' 9~;Lifo:r:ni'a . 

. . i ...... 1_,.··~-.... • .. ~' .. t ' ~ ~~ ·:· ..... ~: . • ·~ ··~ :· ···,_· . • 

,,, ;.:<'"~::<:'~,:,;:.'· ·~··:_~ ...-... · ·Novembe:r::·9~-1955:.·· :<· .. ··.· ·, 
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' ~:\'·. ' .~~ . ~.:·· ~ ·, :. '::: .::·. :; . ' ... :. '::< . .': ~:.:~-_: :.'~:~~~ >.:·: :~ .. _.j; ·~:,~. ,,\·~.[ . ' ... ·:·, · .. ,:,,, ~!: )"> :, .: ~ :- . . . .. · .. , ~ . ' 
'f ·' ,:-~ ·: ,<·,-··!.·'r.l:i~: .corrt;ti;U:i.jig ·g;towth',:'Qf ;a.p-,pltf.c~~t;~n of.:hi.gn .va.cuum in 
:-~-·~ .·. ·:-: . ' ~.... . .. ~".:: -· ~~- ·:·~-~"! ·._~,' :--'...,.· __ -f . • ·' : i"~ :·· .·· ~- ,· .· _·., . .,. . ., -~ .: . . -. 

.. ;.;_':;: _· ·J;:~~'/sc·i~X:~e;:.~rtd~ ::±~~~~t;y ;h~s).~ttip~$1ie~f thf-rieed ·.t:f>i:' reliabi~ low-
.. >.~~-~,:?.~'-~;·,_".: ·~','i '~;: ';~· ... ~:>-,:"~·~~- .· .... _';'::··<'~;·;' :.<f:>··~ ~!,_. ,~. :,_. ~ '~..:, • .', '. ':_::' ~.--~;·'I.·~,· ' .·_'' · .. •,' lo • ' 

.<_ .·· : .: cost.·,;;soU,rces .-·o,r': lo\t/··~e.mperatiire .f·or; the .. control 'of migration o~ 
~- .. /;t _-;.;1 ·_7-~:~,:...~-:·.! ._-->:~~:- ,; · ... --.~ ,-~>_:.··· ~--~·~:./~~·,.:~>:f/~~i.-~4·:::·· .. _: ;.~. -~ .· ~ _, ... · :._ ·.. ·. ' · .. - . ··; .... ·'· :· · .. ~ . 
· ·.: "_,,_.;>; ·· pump··~rluias: .. and~;::;y$tem.'vo1atil~s·· .... ;!n :ma-ny. speci~lized vacuum· 

... . -..:·:·\· . ·.r.t· :·~>·~· ·-.- ·. :: ··ft' ~ ~: ~-{> .~ ·,)>; .. ;.~.:~ ... r·>.··:.to.·~·-..... t • ; • , ·~·· ~-~.. -. • ... ·> l • ~. • • • .• -

i>:' ~.'.'.-~ .. ~y~t~,ms ,_· $_u9~!1' ;as .. 'b;~·t~i'n· types· 9f ·:nuclear'··. parti~·le. accelerators'• 
'..,.· ·.~ ~ .·::-·;,.; "'~.t -~~.>"···:_ . .':-';~f··;::i·-t-~t. . ..:;·,.-~.<-·~ .. ~ .. ...... >.r, ~-!',.·>··~., ·~ ~~--~ ,~ ·. ,•• • 't 

'' .· ,.,·:<·. ; li~d mass .. spe<;:~_r·o~e·ter.s, for r e':x;amP,~e' .·~the. us_e· of. ul:tt:a-low-temper-· 
·· ,,., . ~~ r . • . . . ... ~ ·. -. - · ._ . . .. , • . ~ 1 . . .., , . ..• ... . . . . . ....... ' . 

· .. : .. ::::·~·-.. :'· ;;~~: .. L;at~~~- (~i6s<:>i/·~:rl~··:'b~±6~-j :ir~~s,:~hd· .ba.iri~~ .. ,is· m:il~nda.tory. Volatiles 
::· .. ~ -~i\-~1·:~- ... ~:..~~ ... :::··~~-.-1- .·.· ., !.

1 
... -~·-: <:·.~;:~,·:·'·_>~~----~J . ',\ > ·'f,-;J • • · .... -· ..•• _·· •. ~·: ·<<... . " . 

. · .. :. :·: .. : ·that. ;f-reeze ·on d~h~ 'coid. s'urfac·~·s. of these -traps. a·nd baffles cannot 
~ .· .. ~ .... ~··. l~· ,'_ ~-·-'_, ... l~~.~~.· ~ '; ~.:· ·. ·,~,~~ ~1: ~·,· .: .' .. ~~ "".··. !~. • .• : . ~., •• • . . • • 

·";·, ' •'' • •. ~. I :~. • • ~:_. • ~ ' • 

, , ·. ' ... ·.mi:grate:·or· ·:r,·~.t~e ::the ._system :pr~ssure. Thus,. ·lower pressures and 
~ ~ .. .-.:r·;'.~.··+_'---~:'·.~~ .,-·~~- .':,'· .._·- ~:· ~- ,~·'·'·::~_._~~,.~-_};~~-':::..:>j·· ... ....... ·::· :-~;. .: '. :/·'...~_'= · .~. ~ >"': · · ~·-~ ---~ ·t;..,~-;~~~ .. ~. _.. , 1 : 

.·. :~:. :\/ ~.: ":~~~f38:zfer:::~ys;~~ms: · are.l.~t'tai~bl~"·. ·:·.'~he: ;c~a$·~1¢a1, a.·ppro.ach in 
~-·~,,~ ;~·~' .. <\·~~~:. ,-:.'" :.. .. --':' -~ ~' '.., ,'• . .,•" . _ • ..... ": '.'...•"/.~~·····:·';".:~:~~ .. r .. \ • i: 

0 ~ 
0 .> ·':-'· · -:q. ..: .~_.:.-•; ~ •.,, r .:·· ... : ; 

-~, -:~i ;<. :t.'~ .. '".pr.;ov:\c:l,~~g: .r;~!t{;k~r.a.~;i(i)n for : y~e:. traps· -h_a$, bee,n ;the use. of. ei_ther . - ~ · ,. .... :-,..; ~·-r .· --~.! ._, ·. ·-:. ~ ~ .-..;.:·~.fl ... · ,-·~ -... .. .'!, • •. . • ./' l" . ~ ... '_ -~ :. ·• • . ••. -.• , _1: ..... 

:'·:.· ... ·· ~··_.'•;;)'1:i.·qu(~· n+-t,r9t~#~.(bt'~l*-~u1~i;_ ~if.~) cir'. 'a.~ c"ooi~:nt :~o~posed- of solid 
.~.~:··:~·

1

i .. 2 ,.~ '.:· ·.:-~·-'J.:·./'·: -·~;·.-···-.~-·Jr .• ·.;~··:::~ • .-~~:--~·-.:··!.~~,,/'··>··_'~ .. ·:·_···~:-:~,_· ... _ .. · ~· .. -· ... / ..... ·" ·. · ····.· ·,·_ ·. · ..... ~:.~ .. ·. -~ -.-· ·_ ~ _ .. 

'.';·:_·~-~-:~_;;:1· __ •··C·?~·-a.!l4:;:-~:.:~~~~~~~h~e-~·-1~~u!-f:tf~:-~e~~~~-;:~,y.ch_.~s.r-:·~-~¢~lo~oethylene. 
··,;··: ., 1;:'~~-:~';,,·-:·'I? ... a .. ~~~r,:ge:·),f!-bor~~o.ry_,,--~i~h:a.·::nl;i~ber/¢{i.1ns~e.I·l~ttc;>ns-·t_equir1ng low 

:·:: :_:.,· ::'._._:: ·t~~i>er:~-t~r~, :·~-~~~ ··dos.ts·:ot .. ~u~;iy,i~g)~er~~ly th~·~;~o'oli~g ·medium can 
.q ..... ·\_.·,1,· ....... _\.-}~·,_""~·~-- .·.·.>~-\· ~·.:·-··.·' ,,.:·-'":- ,:··,. .- ·. '"' .. ----~t;.· •' :·····. \..!..,.~ ' ~. . '_"'. - , 

. . ·: ~q~~ ,~- roa::j'p:r -~_:pent 'in. the,~ pudgeti', ·~ 'I'h~:•>.d:e:Ve·lop~erit: of e_fficient' 
·, • ~·- ,·_: ··.·<.,.·, __ ·', ....... t. ,. -·~.~·,·.· . .'~. :_..·-~·-· .·: ~- .. ':, -: .... t_.'_·.··h··.·. ·. ·.: .·•· .~·"' .. . ~:.~ ... ·.' -~~--· .. ~r.,-·~·:,-·._.,..~.·~· .. ··_-• 'r ... _.·.-· ·.·. :~· · .. 

· · .. -~· ·: relia:bl~· ;me.(:b,ani<?al r'efrigeration·uriit_s:·.wcas. und~rtak~m- at th~ · 
' :- : ~ ·.: ·-~. ·._" ...... : -. ~: .. : _· ..•• ! ·: .• :~ .. ·, ~..-·' ·•'. ·lt.-•/ .· .. :·; ·. f '• ; ' ~ . _. ·. ,'". · .. ·· .. ·. . ... ', ........ ·:-:· ,'~ , .. _. . .-:· .'··.· . . . . .:-- ... 

. ,'·~:_Pi:iiv(!rsi.ty :of,;·cali.fprn~a :Radili.tion· Labotatorf to eliminate· the ·. 
• ' -•• • •• ' ... -.·-:. •'.• ' ~ 4 .,.' .. ~- •• - • '· •• ~ • •• < ~··' ' .. ; ~'' .~ • ~~/- .' . _;. .~ .f~ :. • • . 

. :· .• · ~·. : .. t iilc:on.ve~l}ieri~:e and -·opera ti~g .. expenses: inhe:r:el:\t . 1.n the use of co? 
,~. I·.< '.; 'l -t • : • ~ , .: , . ~' ••. ~ 

·. - .·~ ~ . t . _,.,. . ·/ ·t . ._:r . . .• 
~ ' ' t 'i .,_ ',,,.. • .:~·t ' I • 

. * { ~ . -. . . • -.: . ' . 

.... ~-_.'~->,'·~. :-:.1·~:- ., ·.-. ·-~:!· ·. · .... (:. ..... ~::.:;!>;.,.'\ ·'·! ·-.' 

. ,~Wotk .dqne. :ubder tb:e;·au·s'p{c~s of the tJ.~S;, Atomic ·Energy Commission 
._· .i: 'r ~ ~- .··. 1 -::.·· ~ ·i.~.-.. ·. -· . ·. ·.J. .·• -:.~ ..• ··~· ~- ... ~ •• :-~· · '·· ••·· .. 

'... .,.. . .... 
_. .-

.•. ~ . \ 

. ' ' 
'• .. .. ' 

.. ' 
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and.·li.qu1d \11i~_:Ogen~ · This paper describes. the slmple two-stage 
. . . ·•· .J :.:~ ... _:·r~'.~"".!.,,_.· :.· ··:·. . .~ . . . . -

\ ' refr1g$r~t.i9ri>sys·tem ·that· .was develop,ed' for:· installation where 
• ', > :;- • • • .~ 1 -.: ·, o , 1 ·~ • ~ • ', " \ • • ,ft~ 

·.· .. · ~·J::·c.o2.'~o~i9:.':?~~-to~~r-il~·be·u~ed. · · · · · · · 

-·~ <·\ .. / .. , 1 .. ·<:The >ct:~~iitn· s~e~·ific~ti~ns we:re· established to fu1r11r the . ~ :·.: :~-.·:-- .. ,··~~<,: ... · .. ~> ... ;,"f ·,:· :~:-.• • •• ':. '· ·,._ • • ...... . 

. · .f-ol:lowing ·cond~'tions: .. . . · · 
• :, ,.·;,=-.-~.--~. ·.·:~··.~·.,,<··' -~ .. <• .•' :· ~·-.. ' .n .~·. 

:. ···: 1•:. . Tte .~ec~hanica:l r~r"riger.atfon unit must justify its 
. . ~ •• ~ •• _p- • .). ~ • • ,: • • • ,.·, ~ ' • • ...... 

·. ins"t;8,1lation-·,frQtn· ap econoui.ic standpoint • . '· .. : ". :·· ' ' . 

· ~·:· ~ .. ::·2:! ·.~~e:_~±:~ sho~ld perform reliably with _normal refrigeration 
.. t: ·~ 

!llairitenance·~ · 
:. ~... ' ' 

.. f 4 . ,. 
· · . ·:· "3~ Ti?-~~·:Ul}it s:ho1+ld perform efficiently, t.e., should carry 

t,,. - . :!- . . . . 
a substantfal:heat load-, at·its design op~rating temperature of 

' I' r 

. ., 
. '• '. 

be flexibie in 1tsapplieat1on: it 
··"·· .. 

'··'; '', sn04l<;l._be. adaptab"J;~ ,to. b~::r~h large and ~mall heat loads and to 
.... -; t .. ~ ~~~ . J:,· : . ~ .... - . . t -. ~-- . . -~ . ·., -~. ' .• ;· ·. . • • ._ . • ~ 

... ::·, , .. :both">hlgh- ·,apd}1o~~vqlunie evaporators . (baffles and traps). 

· , ·· , , · '.: · T~e'-~tt:~tdm~·nt :·of .th~~ desi~n tempera~ure .of •120;F falls in 
. . . . . . . . . . ~- . . . . 

.th~>-~:su~i raijge .. o'f .. ~PP.iicatJon. of:.-~ultirefrigerant. cascade systems. 
\ . . ~ . . ' . . ,:. . . : ·. . . . ... .. . . . . . . . 

·' ... "_. " .. · )i~~e t~o o·~: m<)t.e·:.:reJrigerants a~e- w;;ed in completely 'separate 
• ) : . ' . ;- • • ~ .. ~-. -J"'·" .. · ~~ ~ ,. ; .• · ... ·• .·, ~ ' ••. ·. ~- ·, . . , ' . 

. ' ~systei.ns;,· th~f- evaporator ·}Jf" the high...;temperatu:re· refrigerant is 
~-' •;. ._. ·, .• ··~·_.:... • _,_ I' • .'.> : ·' !;; oi"-.~·: ...... t>· ~'· .' ... · .. • ' . .~ '"' . • 

~.''thEf "co.~d~nser··:Of tpe iow~temper~ture refrigerant. Although simple 
,. ~ ·;. . . ; ~ 

' ~ ·: ... :i-'' ~·, ._ . ' '·.· • ·>: •.. ' ' . ' ' : • ',' ..,_ L 

:'in·: concept ;:;-cascade systems 'can be~Gme quite complicated in 
. ~-- . ":. __ , )'_ ·;-~-.: · .. "~ _· .. '---~--.::~. ~~ --~: ~·. t~·:· _·:· . .~ . :_. - . ~ . . ~ 

'' ·''pra<?tie.e'~ :,ane1\,ha:ve. :c~rtairi uh9.es1rable. fef,lttire~ ,:for general 
.... "' .. ·.,···.··~·····,·:,.·.·.<:,··.·· < .... ;.• · .. _'· .. · ·•·. .·· ... ' . ; ... 

. -appli<;:.a,;~iq11• :Pre·sently used low-t~mpera ture re·frigerants have 
..... " ' ., . . "- ·~·· -~ ·' . . ' . 

tr:. 

· .. 

hf~h :s.a;tt,lrated :vapor, pressures ~t room temperature. To accommodate 
••. . ' . .' , ·~·( ; ·./· : , • ·~ ' I ''' ..• ' . • . ,. . ' " -~ . ' 

.;··~his cpar~c:t~ristic -,a cascade ·system.mtlst:be critj_cally charged, 
F '•'- '• • • ~ .. ·.~_'' • • •; >'; ~. -~- -., • > • • • ..t~. 

'i~el.,-,ch~r.·ged··at,room temperEiture with suffi~iently small amounts 
_ .. ' .. 
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.. · · · ·o.f·)•·ef·ri'ge.!an't···.t~~~ gf,;e safe pressures': or the low-temperature 
r ,. , c :.,. • ' .·." .·•.-, • ' , • I , . , . , 

. . . .. ·•: cascade -(l.ow si(le) .·f¥!-USt be capable of. containing the. high pressure 

'· ··. · : safeli. d~ing -:~:h~tdo~~ ·periods. Cri,tically cha~ging. severely 
,. . . ; . . . ,. ', . ~- . ' . _.. . . . .... "- . 

· ·1imi·ts · :t;he. ·e~~.Porato~. (baffle·) ·volum~·~arid. heat-load c·apaci ty ·of a 
'·. • •' • ·.' ·: • ~. • < ~ :....-~ ' ' • ' • • • ' • • • 

.• • •. "" • . t. • - ... • ~ .. t' '\ ' • . ... 

. _ system, sin¢e ):mly: v~rY, stnall amounts of condehsa te are. available 
~ i 1., A " f ' '; : .'. '; ". • '. : ! . . . '.I , ' : , .J._ .• • 

. : -.~;) .. at .·.t~~ ·e~.P~i~l~i:on:~O:ev;ice .at any Ohe·.time. A hlgh-:pressure low side 
~ _,_ ".·.; •. :.~· .. •. ·. '. r ...... ·.~;,J:; ~:·: .. <' .· • .. ~ ·._' ·. , . . ,r ., •. :·. ' 

... ~. furth~r: cotriplic_atE:ts··the .. •rnult1p.le controls required in f;lPY cascade 
. { .. . . ' . . ·~ . ;- . . . .-~ . ~ . . ':;. . ' . . ' : 

... , · ... · .: sys.tem·,'; sln~e: th~ s~para·t~ control .systems must -now be interlocked 
>l'i.' ·,.' .·'j-:·,~~ lfo• :?·_ .. · .. ~ :.·~·· ',\. ~.~··,'.' ~~· >·.r·t:',·' .·l!o '·, ,· ••• : o' ... •,, I ' ' ·, • • ' 0 ' 

.\: >_.· ~; fo,-¥ s~:f~ty : .. <The ;cascad~ condenser, low-side suc~ion, and low-side 
,·. ·~/<_.·,_,:~--;.••Jr. t'-.~--.~..·-:.:. ·:+·1 ,., .. · · ..... •· .~ -~ .. ~···_·' ·. . .. · ' .. 

'. >····: ': .-.. lfquid.')ih~···wi:l} rU;n· at low t~mperatures, -40°F and· b_elow, and 
:·~, -~}. ·.~ -~-\;:·.)' ->--.1-- ~ ·.... ·:· .......... ' ~~ .-:·:·~. J .• ' • -~ • ·,· • ' ,· •• • • - • 

· · ·: · , ... must· be thoroughly .insulated •.. This. puts a premium 'on locating the 
0 ~ ' '-< I ~ o' 0 ~ ' ' 0 I .. • ) 

' ' ;.·-" .~ .. '9'9n<ien~in~,·u~it close·-to th~ evaporator~ as:·ev~n w;it~ the best 
.• . . ' .,. ' . . .. . . . . 

..... •" . ~ ~ ·. i.nsula ti~n .pr~ct"ice, heat pi~kup in the lines can be. excessive 
." '~- ~ • • ' f .. • -

: ':2 .; ,(,· ·. 1~ lpng:_·r~~~:;_~· 'Not oniy does the heat leak he;~· cut down efficiency 
:' . ."I 

··· , ·but. als'o ·~.:.- and :illore.: iinpbttant ~- the vapor genera ted can "vapor 
I ;-. . ' • , • ~- l . '.. • '• ~ ·.,. •• ' • ~ • ' , 

· . · _· · · .... ·.lo:cki1 -~th.~.- coritrol~_ing· expansion ·device. The .typical cascade 

·:·. ·, .. · .. : :·:.c_O-~d~~~:e~·.<al~q ·:baS a~ ~e:ztp~r~t~re. ov~rla·p between_ refrigerants of 
.. ... -~~ .· ~- .. --·.:f~ </-~·-.·. :..·, . ,_ . tL ~ .. ·..... . ... 

·.~up t6·);+59F, .ari<t this -r:a,Pt~sents an inefficiency. or "lost refrigera-
; ·• . :.' _: .. ~ . •• :·. + • :. , ; .-~ . .. • ••• • .>-0 . • .. ~. • • • . ~. • • 

. . . "ting •. e:td:ee t ·-'''' . . .. -. ' .. 1'·-:. 

··~: .. ,•.\:·.~· ... ~·~ ... ~ ... 
~ ... ~ · ~ ::··. ~-.. · T~;-sys·te·m: d.escribed here a 'Voids these 4ifficulti,es .and 

I • • . • , ~ .. ., . • . 

,_ ... uses •dnly one: refrlger9-nt.: · .:It retains 1 ts sitnpJ;i.ci ty, largely 

9.w·i.ng ':t·~-~the :th~~~~dynamic. ch~~acterist~#s of a .new refrigerant, 

Kuiene-!·i31 (~fomot;ifltf~romet,hane·)".· ·. ~efe~€nce 1 shows data. for 
' . . ~-

. . , .. 
. '!.,•. 4. ,· 

lKuien~ 1~1, A. New Low Terrtperatt~re. Refrige·rant. · Eston Chemicals 
. • < . !'! 

·. ·Div.fsio,ri·~,·:A~e:rical Potash & Che-mical Corporation, Los. Angeles, . .., 

California. ._.'i 

. -
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· · o.hly. the high:'i'te~p~raturf{ properties; d'own. to. -40°F, of the 

. ·:·, ' . . ret~i~·~ta~t'~;-~<·f~~~~·:~at~ wer~. extra.polated on t!te basis of para],-: 
'• .jf ',, '. · .. ,·. • ·~' ''·.•/'.•"':·: ,;,:,;I;~"''.:·. • : ,·. ' ''.·' ' ' .. 

. '?'J:l:~l.ing the .. proper:t:i;es of' simllarly ··constituted compounds.· The 
- ·'I .•' "t c :"' • 41 • J' ,_ ~ ~ ·. ~ ~ ·: -~· ,_· <~ ~~ •. ~ • • .' ~.:: . . :. : • I" ' • J • ..... • . . :. • ; • • 

l··.: .. ·::: /~~rap·ol~~~d:~p~qp~rti~s ~ridf'~~~e~ ·t~~ ~·l:li~~b:ility of ~ulerie 131 

· .i ·:.;:.:~~/ ... ·f~f·:~~mp6~~d·· 6~~~~e._s:si~ri:~·<?P~;~ti'ti~n·: d.b~n' ·at'least to the design · · 
r, · · --~- '•-L·.,..;·..~· ,; . • _} -~ · · . .. ~ : .. ··;,· . . , , ·- • ·• ,r. . ·· -·~ • ; . 

,.·: .::,· _op~·lfat~.Ag.· ·t~m~~ratur:e .of -~i20°J.1' •· s·f.l~sequ~nt ·o.peration confirmed 
' ~ > • I '• t. • ,' • ' ' • 

-~ ~.'' , ·, .. :ttie ~acciirac3/;o.:f'. ·the .e~f~.a~ol'ition down··to · ~i58°F. · 
'.'. -' •.! '<\ ,• • ,:. o' ~ :·i· ': . I • •· --~ . \ 

. . '· ·r·i-g\ire i;: $liows :one of a s:er.tes of·: units, built for ~e:tr ig-
""'-·~ ·:· ....... : ....... '· .'. ~~;.. -.:~ • ,_·."}.··· ',· ·. :": ••. •• , •• 4 •• •• • ~- '·. ·- • • • ·, ... ~.:~-~-· ·•• ' ' 

·. ' . · ': .. . erath1g· th_e· baffl~s of a. 32-inch- mer.cury :diffusion pump.. The 
'. . .. -~... . . . . •-:. . -~ "' .( ' . . .· . ··. ' ~ - .. -. 

---~~- . ·' ·;~ . ,"'~ ... "· .... "' .. ·.· .. ~ .' .·' ... _ .. 
:;:. : ·:unl~ ·:is. -composed· .of ;.a" :stock· 3-hp 2-.~tag~f,Freori-22 co.ndenstng· unit 

~--.~~-~?·· ..... · .,··._·.~--~·· _;t,_ .~·-·:·_._t- ___ · .. ~·:··~. - .··.\ ·.·· .-. ' ' 

'.· -:: _-_:··_,·irifOli1fte4'~ ~wit~ its· . .ac~_ess·ories,· in a _§ram:e for portability. A 
'<f "'.·,·. '> i~; .. ,;:i.·~ ... ;.:::-,., ~-.. ·.~·~·"i!A,~ .. ~ .. "'_ .... , ;.•1'::.1'.' ' ... j' .. ,·~.·· ,.<·:· .. ~.,~·I''·,.,"· [ . • ',. '• .·...:.< •. ~ I 

. · ·i:·· '·'r~onv,~n+e~t-. centra:l )>anel·_.co~tains all hand valves,. and pressure 
'.f ·1~ ' ••.. t. . . ' ' . . ' . , . ,.. .• ' . ' . - ' . . 

,, 

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

·· ,.- gag·es., :motor cont·rols·, ·and gives access. to the drier. Figure 2 
··: .. ~. ! .·-.·~..,~ ........ ~ ._.-·----~---··._._··;-''_·. ~ ·~-~-:::~,/.;-·-·:·:'· •. ~-:·· .• ~ . •••· 

· , .sh:ow:s· :the unit: w1 th· patieling removed. F'igure. 3 is a s.chema tic 
.~; . . " . . . ' . . . - ' . ~ . . . . . - . . ' . ' 

'··~h~~~iritf ;6i_ 'ttie ·ov~r-ail. install~ti~n; i'ncluding the diffusion 
';~·-..··.!··_ ......... : ·:_·- / · •. · .. ·~---~-~-"; .. ~ : .. -·-: · .. "' -_ ,. ' .... " . _· . 

. .. :·:<,~ ·' puinp.{ihd,':baffl~$/~ .. J'_her .temperatures and .pressures indicated at 
' ,r ' , • ~ • • t- < • • > ' " ~. .... : , • I • • I , • 

' .,· ,. r.,... . ~ . " ,. - ~ •• : . ' . ,.' . . -~ ·' •.'. :; : i' ; . . ~ :!" . 

· /.-. 1/;ar_io~s-·point~ pJ~p:re~ent a. typical oper.a ting cond i t,Ion and ill us-
.· ~ ,• .. ~: r·.··! .:· ... _._.{ ~·:. -· ... - · .... ~~;·' ··:·~~ .·. ! ·.·". . \ ." ~ • . 

· · t:rate' .. tne,' importa,nt features of ttle· system. Tne bottom-stage 
•• : - •• ~~ ~\ ..... \_~.: ~-- .. ~- .•• t ~.;.. •.• -~.. _·. ~ ~--- ~. -

. Sl1¢:ti()~-; :·rurinin~f ;a:t. 46 · +nches ·Hg vacul,lm · (2 psia), provides a 
·-~ ...... ~- ~-- ,:_.}·~- .... -' --~-- 8' ~- .• · .... ~_> .. : ~···. ~-.". '. ' •. • • ,' · ..... · .. ,· - ... - •• . · ... ' . --~.. • 

.. bfi..f.fl~.J~ein_P,erattire· o'f.~lj2·0:F'~ · The 'heat load· measured at. this 

' .... condit·i~n, .f.s.::·J:l~~·._·B.tu. ~er .<hout··· ·. T~e· lntermediate pres_ sure is 
-.~ :.~~ .. ~-~-~-. ·~--~ . - \ . ~ 

·a,bou~'<-.7 ,inches Hg:. vacuum (ll.5 psia), al;ld· is :used as th,e suction 
< . . . I;" ~ ~ • ~ "· ..... ' •• .-- • } • • • •• -~-~.-. • .; • • • • • ' •• • < ~ • ... > . . . - ~.. . . ·.~ . . 

, 'for .maiil,ta1n1ng"..;37°F ·on the lowe;i··baffle., 'Ab evaporator-regulating 
' . . . . . - . - " . . -~ ' 

.~ -. 

·· .. ·. 

v~lye .(lSRV) is .us.ed· 'to ;c~ntroL- th~· back·'.pressure and hence the 
. ' ~ .. . . , ' '. . . . . ' . . 

t~mperatur~ of th~ 19we; p~ffl~ •.. Tile· ~orr.esponotng baffle heat . .. ~ '· . .· 
load is 750 Btu per hour. 

'· 

\ 
' 
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· ... 
· .. ,· .. · The puinpdown. time .to reach typic~l-equilibrium conditions 

. . . . ·-:.; .· . ' . 
.• is.app;ox~~t~ly· 5' ho~s· .. However, ·a permissible operating 

.: : •. " , ·, r ~e~~~e~at~~ -toT. :i.i~i·t.ed: . per 1o4s , ·-115°Ii', is. attained ·in 1~ ho~r s. 
. ' . - '• ~ ·.. . ... . '·' ·. . . . . > ' 

· · · ·;"~. ·The ':Lo.tl~··p~mPdo~n r'~.:r-lects the. consid~ra.ble heat content of the 
~- :·: ' . ~ . . . ; '.;~ . i .· '·: . . ~: , . ' ·.. . . ~- ' . . 

: ··. · ·: ;: : ·:;typi.¢ally~~~rge-voltime baffles, · As· noted earlier iri the paper, 
> ' ~ •_ .. :·. •" • ,~ -< ' ' ,, '·. f, ., I ' ' ; 

, · .. · :. tti~ .system·-does ·not require c·ritical .ch~rging and the baffles 

.. ·· .. i :, : rjin fi~od~.i.' lfith ~ tOti..J: sys t!ljh~<~haJ>ge of ajipl'OX1ma tely 3 5 pounds 

.J 

' ~t. ·' ~ 

~ -·of.;·.lfulene.. . ~ · 
' \-·-: ', • ; I •I • ·-, l :;~,. ·~···. ... • 

•. ·,' •• J '· • .__ ' ~-, * ' }t. • . . . ' 

. , . · ·. · TwO ·:t.YP~(.of: expansion devices: i'or contro;l.ling the refrigerant 

. .. . . :.: i.nto. the. iqw~t~~P:~rattire (-132~) '}?affle have ,been used success-

.. 
'' ·-· 

·_,·, .• •• ..... : ••. :~-~-~~ 1 .. :·· ~:"··.·. '···::·· -~-:- ~-. t . .. ~·.' . ' ' 

,:fully·. , A modi'fied float v~lve in which ~he e~tire· float valve 
..... ' ·::. ' ' . . . . ;, ', . : ,·•-.; ~ .... · . ·. . . .. . •" 

. ass~mbly. and :rloa t'~-housing. are cori.'tained ·rn·''an· insula ted evacua-ted 
• • ' r . ·• f .-

' . ; ~ . ·~; ~ . 

·. Jci4ke.t :.has·~ b.~aen ·_1::,ro~ble-fr·ee in operation •. A standard thermostat.ic 

'. e:~pans·f~n"·Valv·~. ~~th -~-- IDO~ffied :h.ighly -~~~nsi t~Ve bUlb h?S also 
. .... . .-' ~ . ' 

: ... ·'op~.r~ted: succe·ssfully. ~-rid fs .cop..sidera·bly m~re compact and cheaper. 
\ • ·~ -~-~-\ :· • :_·. • . •. ' ;-_;• :'; • . , :: , . · .• ". _r " '.,' 

. · --~- .;· In·, e.l'ther~ case .'.the· expansion device· is mounted 'dir.ec tly on the ':· ~:_~~< ·.-~ .. :~· ... '. 1~-- .'· ---.' " •.. • '·. _·: . ~ -~:· ~-.1 ·: •· • ' ., •.• . ,. . • 

. , ···. ·, · ·b~~fle :·houstng in 'liil insulat~d- assemb],.y including· the heat 
-~ • • ... " . • ' . ., ': . "',.. . . / .·.1 ~· • . • .· ' . o#!; ' • • • • • • ' 

; ·~ · __ ~~·, · e?cc-h~n:~er •. T~~',,·_~s~embly_ is. ·the·~·only.item in, the~ system requiring 
•• > ' - t ~·-. •. ( • ~ ... ~ \, •. ~. :~ •. ')... ' • .. . ·.. . • • • • . ~. . . • • • i.fll ' . 

. ·in_su].ation~ . -\Tile · J.i·quid .. line :('r~om. tP,e co~press9r is.· at. ambient 

. , . · .': , , .~~mpe;,.~~ur~ an~·>t~~ -~~uct~un ii.ne ~~pro~ches ambie'nt temperature 
. \ ~ ~.. ' ; 

. ·. ··.·>as .;it e~erges.'~-:~~ro~:.·the heat .exchanger. This feature permits long 

~ .· ;·. -~ 4ni~sulat,ed: iu~·~ f·~om th~- -~~nden.sing:'unit. ~ithout;'loss of effi-
> ,, > , .ol , , ' ,• , ~ ~ ,.,' 0 I ' • • ' 

..... ~~--.'.~~if .. · .... ·~ ·· .• :··. r .... . : .. .:- ... ···-.. · - ·• 

. ~ ···-~f~pcy~ .. <}~~ .. t:o ~ea.t l~ak. · The only limitation is dictated by 
' ·r • t : ~ • ... 

: · · · sp.8tilon-line pre$S~e qrop; however, properly sized· suction lines 
' . . " . . . ' ·.. . ·,. : . 

.. ?aye ·J:?.e.en rtiri up t·o '60 .feet ·with :little effect on system performance. 

'. ··, ' "',. 
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~- .. -~t.: -~ , ... · ·.~:',t ; .,·'·: <":>;. ,: ;.:;:. :- '. ;·, . . ... ' .· ... · . . .. ' . . ' 
- "> r • · • • • - Th:~ typic~:1.;,c.o.nd1tip·ns: notec:l· prevfousiy on .th~ schema tic 

'·) • · • .-· •• ' ~ ·•.· • , _ .... · ·.t.l ~ "';.. ~- ;· .• , \' ·•. 1 r · ~ · :. · . ·, · · - .... 

. . _, .. · . ;·.·. ··represent :norma-l, operation, ot· the_ particular instal'lation •. To 
: ... "' .. ; . ~~,-.. ~-'J-~;'11... : • ....... ~~;:- . .,_' .. ~ ~ ." : ;· t'"' · __ . __ .··t.' _· . ~ .- .. ~. -··.-; - :. i ·; ...... - • --~ 
-/J =~· ·r .. ·.determine" the ·,l11nits oi'·-~per.f.o·rmance ·or the unit tor possible 

; "• ·,":·.: ·~·-·::··~· ~·;r '.:,. ;'.·,; :: :,;' : -~-. ·. ·.: ~:- '<: : . . . ·. · .. 
; :· .'~ · ~ ~;ttens.-j,~n. to: O,tJ:lE3r· app~icati'ons,. ·a serie.s ~of, ru.tis \.las made with 

-~~':~:·.~·.··.··.:_n_.. ___ :~.,··· .... _ . .:~ ~ ''.'. :,_:_·. ·.. ,_ .. ::~ 

, . -. :- · : var-ious ,ht3:iit: · io~<f~ an the. evaporator • Figure 4 shows a plot of 
~---.;--~<··-.· .· ," ""'{~_~- ., ~-~-~ft_·:.;.. --~-·-. !f~,·~~---'· ·:.::·:-' .• ·~ .• ~- , ...... -~· ~····'. ~. -· .• _: _·- :·~·· .. . : 

·. _ :.:-:;~ fr~·-, tne· e·;VaPg!.'a:tor·:nea{.lo~d.:in B.tu.':per·,,.hmir 've.rsus ··temperature. 
' . t • . • • . ~ ;- -~~ .... ": '\. ' • ·.:- ~ •:.f.·_" .-.... ., ··;: •·. • . • -.·. -~ .' . '...-. . ~ • •. ~. . .. ' . :.: ·;· . . ..... . ~ • • 

~~.:- .. ·.-.\ ~· '.' ·,rt cail":be., :s.~·e'rt ·that. qufte·· subst3:nt'tat'hea·t load's'. roughly equi-
"'"·\ t ;·_:i.J., !\~--~_-.:,: .. ___ ·'_:."'· ,,;~-~- ~-r·· -~-~--~- .. ~-- --~ .. , . - . .J.,. ·._., ': ~,' -_ .• , : .• c ... •• • • •• 

· · ;:~ .:.·:;:·, ·· .. · :·ya~~nt' to,· "~ay'" ·a· '20-i-in~h ·. diffusipn7~Wnlf baffle, can. be handled 
, ~ ~~-·· '~·: :• _, ... ' .;.:~··· ··_i·:·.i~i-.'\··. ~-~,"~.'~.· .•. ;'."· ·~:··· ':~ :'.: ' ..... :., .~~ ·· .. _/.. ...' ".·."· · .. "'i.•<~'.r• '~ • ·':.. .. , . 

-'· · : .·· .. ·· · · :.:··down .:t-o . . -i4;5°P.~·; )3e1Qw ~his temperature.,- tf?.e :capacity drops .of£ 
,_. ; .. • ... ; ~· :.:_ .... ~ ~ ... :,~·:.· \_ •. ·. : . . ~ ... ·_ .... :· ... t :_.> ..... .;· .. ·_1\~··:-. ':' -·~·· . -~.: '" .. · .. :· ... ~ ~ ,· . . . ' 
: ·.. · -· .:~::· -· -..:r~pl~ly .,an~\·.f-t· :6e¢om~·s· .::adv.anta.gequs· to: ·use ·other. refrigerants 

. ' .. · :' ···':';- __ :·~;~~"·:_a::··d.ir~~;~nt·~t:Vp~ _0;' sys.t~m-. 
,·j</.,' ." 1 ·, -~ .. ~- •· .. : 

01
··."·:'·., ~ ',',I~_: ..... , .. ~''. 0 ·>': • ', ..,'; ~ : o '- 0 • ~~< •' 

0 ~- • • L r .' 

., ··· · · ... · ·Increase or· dedrease 6£·. c·apacity. of"the- system to match 
>·~'j,_.~:~.-<·:, \·,;11.,._:~·:··,.": ... ':'·~-A<!r ·~-~.' ::· .. '.~' ·~ ,: <,··--~ ... ,·_·,~·: .- ... ~~·,;•: •\, ,<', ·, ~-~· .•• ·,.~··,·''I 

.. · · .. · :,-larg~r: or ~.s~alle:r h~at. loads_ presents no specia.l problems. The 
. ·._.·::-.. ··f-~<. ··:·:. ~--~-d< :'~.-~ :~ ... : ~·;~.~ -~~~- ~ .. . ~~.~ ,·> .: .-~~ \ ~- .·->.- .. ~ ,' .· . .· . . 

·' ··~:,,;· ,c<?hdensing-~_unit· he-re;p. q~·~crfped incorporates the ·smalle~t two-
. -~~. '·~ · ... :.':'- ·• .. ·_:..·_. ':·_. :. ··: .. : ....... _ ·;-~:.·: _..l,·· :,~_.. :· .... __ .. · .. '· .. ·. .. . . ·' . 

. :s·t~ge · compr~ssor· ~qwn. to· tl;le: au~hpr,s. However, small single 

. ~~ :,, ;~oP1~r~ss'd~~~ ~o~ul:t~_d:'iri :'~andem ~f.forcr a s~lec tion of s·tage 
1_ ~-- •: •, ·.-·' ·-.~:_-:-r_-·~:~7 ... -·-... ~h.·~~. :> ·~ .·. ~'1·\' . -' •.. .-· .. - ;. ·. '· . ., . 

• .. , _di:SP.+~cements; to .. me~:t any: .desi'red requirem~nt •. - In this case · 
~ ·: .... ~. ·-" ... ): : .~:s ... \~: ;. ~.-. ·._: , ·:·: .: ·.fli·>.' . - , ~:~~ -~- ....... .. :. ::· ~'·· ..... ~.. v .r • .> . , 

.. --~,~~:1\t~~~a~; bi_~: ;:s~'para-~ors.\/1~1 > ~.e ~eq~i~ed_ on .each compressor · 

. .: .. ~ftX\ ~~.rit~:b~~::?,~,l;:r~~Ufh lin~s, ~0 maint_ain prope.r crankcase levels •. 
' •. ·• . l .. ,.. 4 . ... : .. ~ . { • ; • . ; . : ·- : :, ... .' ' . . 

... ·. ~ ·,:::.Fot';,~l.lnC:'.tija_s'e i.n _capkcity, ·~- ~ide-· vari.ety o:f mul ti~taged 
• ·_ '. :; • ._; .... '. '• :._~'--.- :,• ··~:A·O,:·~ .. · ... ,./{" .. •_. ~ .·,' • .· ' • :.-· ''•' • ·,.·_..,· r•,. ~--- ,• .' ' '-.,' " ,.'' • . :. ) 

:::: :c9mp·au-nd,.¢qn,.pr~s',:&ots ar~. ·available~· ·A unit ·iahoul~ ·be selected 
.. • • :. ~ ·• ·• · • 1 ,;. .• ·• • . ..• ; . • ·• • . z •• ~ 1 .:·· ·; ~. • ·~. , • • 'j ' r ~ , ~, : , . · "' \ ~ 

.: .· t' . :t~a~ )ild~u4e~: ~.~-~~~ter~j~qke:t~? ,·body_ aJl(l pr-ovision for an luriloaded 
·'\ . J. • ._ .·1 1'. ., I~· ' :. · ... -.,f: • '~ • • .-, ....... < .' .- ' ~ ' • , • •"" • • 

. s:~~r-tup-.',~·;· ~t'·.should';._})e e~pha'sized _:at t~i~' point that the constr·uc-
·.·.·:-~··, .. i~··.··:-.··:.·_, ... i.t;'· .. : .. '· ... _.".. ~--~:-~··I',.··.:' . .--:·.··;··.· .... 

. . . ··t~<:)JJ,: ()1' :·~h,fs or, -~,i~ilar ·low..;te¢pera tilre .. ~ystems ··for· tro~ble-free 

·, · .. b~~rat~b·ir·,~e~ui~~s ~. ·:ve~y high -i~vei. of .;;o~~mansh:i.p. . It is · 
. ' . . . ' ' ~ . . . . . . . ... . ' ' 

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

: particula:rlty appr'opr .. :i,ti't;e ·to discuss . th1$ with reference to vacuum 
' .. ', '~ . ': ' . ~ .. "'.·. ·~ . .. ' ... " . . ,.· ., . ( ' : ·,. . - . 

. ..,_ " .. ~-.. ··' 
; •" \ 

•• ,1' ' /' 
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.· . 

... ·~ ~· • .,.. ~ • • ,"' .• + • :, : ' • ; ~ ' • • ' • ·'. - ·_ • 

· · ·. . .technique; ··the same ''pr~cautions, · attentiotl to cleanliness, dryness, 
·. ';··. ·.·. ':·.:··.:::_,..:'~:'.;-,~ .... ~· .·: ·... . . :. . . . ' 

. · .. :··· . . ;:,:;. :. and: te·~~t~g,h;tp.~:~~- Slf11~ ~ss~ntia_r to sub.~eq_u~nt. successful operation. 
. . ~- -~. :..', •. ·:·· _ . .L~.' ."'1' \.~:·~· :·_{:- .. :"·. ~ ._ ,·,_ ,· ...... {, i., . ". ' ,.· .. ' ~ ~ ... - '1". •• • 

. -· · .·.: <. · ,, .. :-:E1Eni6rfof· .. the·:unit·s have, been bti.tl.t and put· into service 
-~ ·. : · .. ·' ;..'::·.·· ~--~~ r/:'h-~:>-:·\_·:-· ·· ··:· -·~·~·' · ·. · .' .. ,. . .-_. · 

· with:::Fem~rk,~P;tY ·unif9rm .pe~~opman~e, •... Sever~l 'of them have more 
••• ; ; •. f ·.-.. :·~ _,}\ .. •• . -~~:· ""i <:· .. :~<· ·:~~ :··· .. _. '1 l. ;.. .~.:-'' ·, .. ·. \~ ; . •. ... - .- .. ' ·~"· ••. • . - .. . • 

.. . tmfri~'6·,inontn:~·1 :ruilnfi.ng 'tiine' without· servicing. or Attention. This . . :::.. ... ' ~ .. · .· : ~ . ,. --.:.: : .<.- ·, .. . :" . < • ~~~ .' ••• ' ' . '.. •. •• ; • ; • : • ' • • • • • • • • • • • : ' 

,o · •• .,. . •• nas·'·.:at'ft)r~_ed. ;an ·:t?.xeellent oppo'rtunity .. for 'prepar+ng a cost a·nalysis 
·~,~ · .. _..,.;: ~ .. -~:· ... _ ... ~_~:>{,~s:·~ .. --'~~_:::-.~~~- ·''"l,.~:_-. __ :~~ .. -':.·,'. ··~:···' ~,,· .:~' :: .>· . . · .. - . . . . ~ .. 

. c~o~p.~.)~jJ~g' .tbe1r'·.pe,a-fo~manCE)--:w:i.'th inst~l-la tions still utilizing 
.. '. ~--·~·: ·.: ·<.t· c :··,· ... -· •• ' ~- :·· :·<t~ .. ·~., "~·.,:._ : ... -'. :.-,.-<' .· ... ···. · ..... · .. · ~ · .... ·- -.· . 

• {, r· · ':a·: cirqU,lated ·C02,:~coola.nt for ~heir: .baffle ·cooling. 
·,·~ , ' , ~. ' .~.~.:: .. ~ ;·:··-~·- .~· ~ • .. · .~ t'·~·:.. ..,. '' .. _~.f., • •. :.:··' . ;.· .. 'I' • " •· .' •• ;·.·. '. . •·• ·.:··>·~ ~ ·; A .• · 

· ;:~·'·~,' _,· : Table I _sh,9ws·. ~ .. cost eomparis·on of the two systvns based on 

, .. · :·; .. : .· .'a:·;e·~~.' s o~J)er~~~on.·' .... G~~i.tai. ~qu~p~E:in~. i.s' d~~reciated on the basis 
~ : ·' ~. • •. ~. • '~~ • ~ '. . • • • • ! • 

t .·. ·• . . . .. . ' · .. ' . ~ . . ., . . . '. ~ ., 

:-.;· ·· ... · .. :·;··qf~.a · .~e·n-ye~r 'term of:ser:Vice, .and· i·t· ·is .assume9 .that cond~nser 
·.·.' t'. ;,: '-".-~- --~·-:;·._·· . .-:. ; .. ·. ·. ,_;·' " t.' .:-.-~.: _·. ·:· ·•· ~-~<· ... · .. ·~ .~: ·- .. " .JJ·_. • ' .· · .. 

,. : ·. :cooli.l')g .. wa.ter ,g.o~:s 'down .. the drain• :r'he co2 co~s.umP:t;.ion is a 
._, .. , .· .. ' .. · ~ ~.,..~_; _..... . .::...·. ~ .... . -:~· .. '··. ·. ··. -~-~ _:: .·· .:· . ' -... :... :. . ' ·_ ~-. . . '-·~ : 

., ~:· ···~ :m~aspre·d ·value ahd .the'. efficiency of· utilization ·of the material 
• • -.. -:'.., I) ,. . ' . ~ '. ' ' ' ·. ' • • . .. . ,J • 

·-~--~,a~~~e:~.,clos~{~ ,~t tti· ri~tires' pr?vided by:. t~e. vendor for inst-~lla-
·. ~ _' ~t. . ·. . ; .·. . . . v • - • .l.l • . 

· ·;.. ·, tions of this .tYP.~ • ·· · · 
• I• ' ' -.. • ( • .~ • • 

~ .. ·· .. 
~' 

... , 

·Another way of.·making the. cost c.omparison reveals that in 
f ..• t ·~- . . t • . • .,· ·.' •. ' . • . -~; . :. .-' .•. : ·'. ~ : ' • - : " . 

. .. .. ·:.,' f8? ·day~ the;;conserved. qp~ra.tiona;l costs· ot; the C02 will pay for 
• ,. : ' • < f< • ,· ,r •, ' ' • •; '· I « ' • . ' • ~ 

':th~. ~ntite .. capi'tai. exJ>e.nditur.e for the mechanical' refrigeration 

syit_~-~:: .. · .: . "::-::·. :· ··'i_:·.~·-:-::· · < .. : · · 
- ;_~ '• ,· ·• } 'Jt'' :· r :~ + -~ . •j ·-~ ; .!'' ~~ • .. ~ ' .~ "~ • • ~ :,'"' .' • • . • ' . ,._ • • . • ' • . ' 

. : Se.ye·ral,: o~pe.t'. ~onfigurations .of the system described, for 
' · .• • ··.· •• ..,. ' ••. ·. ' •. , • ; l . ,·· . . .. : ' . .. . . . 

a.pp)..ic?-·~fop t6: s~-ll.·piQ_,tfibl~ vacuum ·carts., are in the ·design 
. -'~ .} . 

I' ~ • ~: t ,·, 

·.: 

· ~=(~a:g~ •·. Tt·. is··,eJtp~cteq that the e~:tension of. the r~nge of practical 
, . r. . .. · . ~. · · . · · · ., · . · · · · · · · . · · 

, · .:·. opet•ation c;Jf c<;>mppimd compression .systems .will lead to considerably 
. ·'· .' .. . . ··. ..._ ' ._ .· 

. ~ : ' . ~ ' . ' . . . : . . . """ . 
· .. · Wi(l~r. appl!·catlops ·o.r ·.mechanical refrigeration in high-vacuum 

·.··; •: .. 

te~hnology. ~ 
. '"'• ., .:,·:· 

' . 
': 

.. ''i· . 

' ' 



I. Operating Costs 
Power 
Water 
Refrigerant 
Servicing & Maint. 

II. Capital Equipment 
Depreciation 

Total system yearly cost 

COOLING SYSTEM YEARLY COST ANALYSIS 

Heat Load: 1750 BTU/hr. @ -110°F 

Kulene C02 
Unit Remarks 

Jl30 
315 

$.0085/KW hr. 
$.0003/gallon ---- ------------$200 1/24 man year 
Daily gage 
readings, routine 
Ref'r. maintenance 

$191 $1910 total 
installed cost 

$836 

TABLE 1 

UCRL-3193 

Circulating 
System Remarks 

$ 13.90 $.0085/KW hr. -------- -----------$3820.00 $.035/lb. 
$ 400.00 Servicing trap 

24 hrs./day 
1/12 man year 

$ 22.30 $223 total 
installed cost 

$4266.10 

MU-10150 
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