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Zba/?phom?may902Cern: 
BeitknownthatI?CHARLEs H.WORTHEN, 

a citizen of the United States,residingat 
Beaver,inthe.county of Beaver and State 
of Pennsylvania,have invented a new and 
useful Improvement in Refrigerating Ap 
Daratus,of which the folowingis a?fal, 
ölear,andexact description,referenge being 
hadtotheaccompanyingdrawings,forming 
Dart ofthisspecification,in which? 
Figure1is&viewtakenpartlyinvertical 

section througha refrigeratingsystemem 
bodyingtheinvention? 
Fig,2,isa perspective view of the am 

monia coilsandseparationdrum… 
Fig.3isasideelevation,partlyinsection, 

showingthe ammonia,coisand Separation 
drum? > 

Fig.4isa horizontalsectionthroughthe 
suppy headerforthe Coils? 
Fig,5is_a,vertical section throughthe 

separation drum? · 
Fig.6isaviewsimilartoFig.5showing 

a modifcation,and 
Fig,7is.a,frg 

verticalsection,through One ofthe delivery 
nozzles? Thepresentinventionrelatesto_refrigera 
tion,and more particularlytorefrigeration 
efectedbytheüse o?aliquefablegas,such, 
for example,as anhydrous ammoniaggs, 
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One ofthe features oftheinvention isthe 
re-use ofthe denser part oftherefrigerant 
which haspassedthroughthe Coolingcoils, 
soastoextractthegreatestamountOfavail 
ablecoldfrom the refrigerant andthusef 
fecteconomyin operation,?The invention 
relatesalsotocertainotherfeatures herein 
afterdescribedandparticularly pointedout 
intheclaims,theadvantages of which wil 
beapparenttothoseskiledintheart, 
RGferringto the drawgs,which,ilus 

tratethe preferredembodiment.9fthein 
vention,the space orroom1to be_refrig 
eratedislocated beneatha brinetank2?AT 
system of brine circulating gols_3is prg 
videdinthespacetobeCooled?Thesecols 
areconnectedat42?d5 respectivey,tothe topand bottom ofthgbúnetankso.asto 
automaticaly maintain by?thermo-siphon 
action,a continuous circulation of brine 
throughthe system? ? 
The brine is Cooled by_a liquefable gas 

eous refrigerant,preferablyanhydrousam 

gmentary vew, partlyin a,?lurality 

moniagas, Thebmetuks providedwith 
&system of Coolingor circulatingcoils,in 
gicatedgeneraly by reference nmeral,10. 
The liquid ammonia,underpressureis fur 
nished?through a,supply ppe 11 andthe 
usedammoniagasisled awaythrough re 
turn?Dipe?12,The ammoniagas may be 
Supplied by_any suitable ammonia plant, 
operatingeitheron the“dry”or“wet”sys 
tem,The_ammonia,frOm the supply pipe 
11passesthroughashut-Of valve15andis 
leddownwardthroughapipe16toaheader 
17,provided witha?plurality of nozzles18 
which deliver the ammonia,to the cooling 
Coils,The ammonia,is deliveredinto a,se 
ries of large or main pipes 19 extending 
hOrizontaly alongthe bottom of thetank? 
Theammonia,is deliveredintothe pipes19 
inthe.form of spray from the nozzles18? 
The_pipes19Serve as headers,for alarge 
number of goolingpipes or Cois 20 which 
aretaken offromthetopsofthe pipes19. 
These smaler pipes 20?are L-shaped,as 
shownin the drawings,and dischargeinto 

of,main,receiying pipes 21, 
which areverticaly disposedat oneside of 
thetank,and whichserveas headersforthe 
smaler pipes 20,Thevertical pipes 2l in 
turn dischargeinto3 main receivingheader 
22nearthetop ofthetank,Theammonia 
passes from the main receiving header 22 
ührougha pipe 28to aseparation drum 24? 
It is found in practice that the used am 
moniadoesnot Onitssinglepassagethrough 
thecoolingcoilsabsorbaloftheheatwhich 
itiscapable ofabsorbing,or,asitis ordi 
narilyexpressed,theammonia hasnotgiven 
up al ofitscold,Astheammoniais dis 
chargedinto the separation drum 24,itis 
found thata part oftheammoniais more 
densethantheremainder,The denserpart 
oftheammoniaisapparentlyinthe form of 
a,fog or mist Consisting of unevaporated 
Darticles ofliquid carriedin Suspension by 
öhe gas,This denser part_separates by 
gravity in the drum 24 and_drops down 
throughthereturnpipe25atthe bottom of 
thedrum?ThelighterpartQfthegasfrom 
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whichtheavalablecoldhasbeenextracted, 
risesthroughthepipe26andis deliveredto 
the return pipe12through whichit passes 
tothe condenSation OrCompression 
tus(not shown)??The lighter partis ap 
parently completely evaporated ammonia 

appara- * 
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gas withlittleifany unevaporated spray Or 
mistentrained,The return pipe 25 Sur 
rounds the verticaLportion of the pipe16 
which,asshownin Fig,5,entersoneend of 
the drum24andisbent downwardly,being 
inclosedbythepipe25,Thereturn pipe25 
emptiesinto a header30whichisconnected 
tothe ends ofthe horizontal pipes19and 
servesto deliverthe heavier portion of the 
usedammoniafromwhichtheavailablecold 
has not been extracted to such horizontal 
pipes,Asshownin Eigs.4and7,theheader 
30surroundsthe header17and deliversthe 
usedammoniainan annularstreamaround 
the nozzles18whichserve asinjectors,the 
usedammoniabeingentrainedwiththe fresh 
ammonia from thenozzles18,andthus be ing carriedthroughthe coolingcols, 
Bythe provision oftheseparation drum 

and chamber and the?re-circulation of the 
denser part of the used ammonia,the am 
moniais caused_to absorb substantialy al 
ofthe heat whichitiscapable ofabsorbing 
underconditionsof practicaloperation,So 
longasthe ammoniaremainscold,dense,or “heavy”itis re-circulatedthroughthesys 
tem untilit becomes“light”,whereupon 
itis?returned to be.again liquefed,The “heavy”ammoniawhichisre-circulated,ap 
parently holds in suspension unevaporated 
liquidammoniainthe form offog,the com 
Dlete evaporation of which absorbsa con 
siderable amount of heat,which would be 

·unavailable except for such re-circulation, 
The savingin cost.of operation inusingas 
completeyaspossiblethe refrigerating ca 
pacity9fthe ammonia before Feturnigit forre-liquefaction,istooapparentforfur 
ther discussion. 
In Fig,6isshownamodificationinwhich 

the pipe16is provided withacoilinclosed 
inthe separation drum24,Theliquidam 
?9niaenteringthroughthepipeliisusu 
?y.at,8pproximately room temperature, 
Wuriggitspassage throughthe cof140,the 
liqidammoniais,however,chiled andis 
delivered atalowtemperaturetothespray 
nozzles 18,This gonducesto economy in 
Operation,in thattheavailable coldin the Usedrefrigerantismadeavailableforchil 
ingtheliqidrefrigerantenteringthe ex 
pansion Coils? 
Ths pipe26isprovided_withavalve41, ’?ndthepipe.23isprovidedwithavalve42 

55 for closingthese pipes when desired? 
A Scavenging pipe 50 extends from the 

return pipe12?bovethevalve41tothe bot 
tom ofüéheader30,Thisseayengingpipe 

60 
isJormaly_maintained.closed by meänsof 
Valve,51,Ifit s desired to_remove any ·liquid whichmayhavecolectedinthecool 
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ing cols,9rifitis desired toemptythe 
cgis of althe.ammonia fogthepurposes 9frepair,thevalves15,4land428fecIosed, thevalve51isopenedandsuctionisapplied 

By means of the system of cooling 
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tothe pipe12:Thiscompletely elearsthe 
coolingcoisofanyliquidorgas which may 
be containedin them… 
The liquid anhydrous ammonia may be 

supplied fromarefrigerating plant operat 
ingoneitherthecontinuousortheintermit 
tent_system,oroperatingon eitherthe wet 
or dry system,When the,present appa 
ratusis used with the“dry”systemit pos 
Sessesoneimportant coöperatingadvantage, 
namely,that bythere-circulation ofthegas, 
no gas which is not completely vaporized 
getstothereturn pipe12,In plants oper 
atingonthe drysystem,anumber of explo 
sions have occurred,due to the fact that 
liquid ammonia has been returned to the 
Compressor,If any quantity ofliquidam 
nonia ? intothe cylinder of a compres Sor,it,beingincompressible,causesthe cyl 
inder headto blow out,Such accidentsare 
impossible with the present system,which 
insures the re-circulation of any heavy or 
only partialy evaporated ammonia inti? 
Complete evaporation takes place, 
The brinetankispreferablyfled with 

calcium chlorid brine having a very low 
freezing point?The capacity ofthetankis 
such thatit wilact asastore of cold fora 
Considerable period,So that the supply of 
ammonia may be intermittent or cut of 
over night or ove?Sundays,andthe space 
1 maintained at the requisitetemperature? 

cois 
above described,itis possibletorefrigerate 
the brineto solowatemperaturethätthe 
colection of hardice onthe brine circulat 
ing pipes 3is prevented,Inthe systemas 
installed,ft is found that instead of the 
usual hardice collected on the brine pipes 
&,the moisture Condenses on these pipesin 
the,form of a light,faky snow.orfrost, 
which may bereadily brushed of 
Itis found,asa practicalmatter,thatthe 

3rrangement ofthe coolingpipes20inthe 
L-shaped.formshowninthedrawingsisof 
Considerable advantage over the tortuous Coilsusualyemployed,Theammoniarises 
fromtheseconday header pipes19directly 
up?into the vertical partsof the pipes 20 
andthenflows overto thesecondaryverti 
cal headers21,It wilthus beseenthatthe 
pipes 20 form a large number of paralel 
Coils,afordinga direct andeasy path for 
the ammonia? ? 
While the preferred embodiment of the 

invention has been specifically illustrated 
and described,itisto be understood that 
the invention is not limited to its ilus 
trated,embodiment,but may be otherwise embodied,withinthescopeofthefolowing 
claims? 
IClaim:,? ,· 
.1·J a gfrigeratingapparatus,the com 

bination of anexpansioncoil,anexpansion 
nozzle at the lower part of the coil for 
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delivering a spray of previously liquefed 
anhydrousammoniaintothe coil,aSepara 
tion chamberinto whichthe expansion coil discharges forseparatingthe unevaporated 

5 particlesofliquidentrainedinthegaseous 
ammonia,?nd meansforchilingtheliquid 
ammonia beforeitissprayedintothe ex 
pansion coilincludingasupplypipeforthe 
expansion nozzle,and a pipe Surrounding 
the supply pipe and extending from the 
Separation chamber to the lower part of 
the expansion Coilforreturning_the Sepa 
rated unevaporatedammoniatothe expan 
sion coil,substantialyas described. - 
2.Ina refrigeratingapparatus,the com 

bination ofanexpanson col,meansinclud? inganexpansionnozzleatthelowerpart of 
the colfordeliveringaspray of previousy 
liquefed anhydrous ammoniaintothe coil, 
a?Separation chamber above the coilinto 
whichthe coidischargesforseparatingthe 
unevaporated particles of liquidentrained inthegaseousammonia,andapipeextend 
ing from the?Separation chamber tg,the 
lowerpart oftheexpansion coilfordeliver 
ing the unevaporated ammonia,together 
with the sprayintothe lower part ofthe 
coil,substantialyas described? 
3.Ina refrigeratingapparatus,the com 

30 bination of a horizontal?header,8,vertical 
header abovethe horizontal header,a plu rality ofL-shapedcoilsextendingupwardy 

10 

15 

20 

25 

from the horizontal header and then lat 
eralytothe Vertical header,an expansion 
nozzle for_deliveringthe previously lique 
fed anhydrous 8mmonia,into the lower 
header,aseparation Chamber connected to 
the?ppe headerandinto whighthe upper 
header discharges for separatingthe un evaporatedliquidparticlesent?inedinthe 

35 

40 ammoniagas,andapipefordeliveringsaid 
unevaporatedliquidtothe lower header for 
recirculation,substantialy as described? 
4,?narefrigeratingapparatus,the eom bination ofanéxpansione6il,meansinclud 

inganexpansionnozzleatthelower part of 
the colfordeliveringaspray9fpreviously 
liquefied anhydrousammoniaintothe coil, 
a separation chamberinto which,the ex pansion coil discharges forseparatingthe 
ünevaporated particles ofliquid entrained 
inthegaseousammonia,anda pipeextend 
ingfrom theseparation chamberand hav inganoutlet Surroundingthe spraynozzle, 
for deliveringsuch unevapo?ted particles 
,to the lower?part of the coilin a,stream 
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surroundingthesprayfrom the nozzle,sub-, 
stantialyas described? - 
IntestimonywhereofI have hereuntoset 

my hand. - - 

CHARLES H.WORTHEN, Witnesses: 
GEORGE R?BovARD, 
W,J.STEWART? 


