12090539 ENERGY EFFI Cl ENT APPARATUS AND PROCESS FOR VAPORI ZI NG A LIQUID ANQZ:;)
CONDENSI NG THE VAPORS THEREOF TECHNI CAL FIELD This invention relates to a
ovel “apparatus and process for conducting a di stillation and specifi -

caIIy relates to a novel vapor degreasing apparatus and 5

novel process

- for vapor degreasing. - Additionally, this i-qvention relates to an apparatus
and process useful for carrying out a chentcal reacti on under reflux condi-

* - tions. BACKGROUNDART. 10 ' i s known e condenser
and evapora- tor .coil of a closed refriger atlon systerrzggﬁaég fluid and-
to Cemdense ‘the vapors of a fluid. Illustra- tive of this type of prior

art are U.S Patent 1,466,670 to Mnti, U S. Patent :3; 070, 463 to Barday,

‘U. S: Patent 15 3,091, 098 to-Bowers, U.S. Patent 3,234,109 to Lustenader,
U S Patent 3,299,649 to MG ath et al., U S Patent 3,460,990 to Barday,

- U.S. Patent 3,461,460 to McGath, U S. Patent 3,486,985 to MG ath, U.S.

- Patent 3,492,205 to Webber, U S. Patent 3,699,006 to Hasslacher, U S. 20
Patent 3, 869,351 to Schwartzman, U.S. Patent 4,003,798 to McCord, U.S. '
Patent 4,014,751 to McCord, U S. -Patent- 4, 209,364 to Rothschild, US.
-Patent 4,210,461 to Moree et al. (colum 2 line 66 through colum 3, line

11), and U.S. Patent 3,308,839 to Bar day. 25

.Al'so known is

control of the vapor |evel -2-- within a degreaser apparatus by usi-ng a
tenperature-sensing device to actuate a flow control "val ve that regul ates

the flow of COO"%@E&h&'%ﬁ?&c&@ﬁTcﬁﬂbhﬁﬁrﬁg'hﬁD PﬁéeﬁgbaﬁwRO§A§BR§ZiN@e of

prior art |s Uus b5 Patent 4,078,

di scl oses that. the

whi
LIQUID AND CONDENSING THE VAPORS THEREQF

TPECHNICAL FIELD

"This 1nventlon relates to a novel apparatus

"and'process for conducting a dlst111atlon and specifi-

“for carrying out a chemlcal reactlon under reflux condi-

cally relates to a novel vapor degreas1ng apparatus and
novel process for vapor degreas1ng. Addltlonally, thlS
invention relates to an appatatus and process useful

- thﬂS. ' ) s o .-

10

BACKGROUND ART
It is known to use the condenser and evapora- '

tor coil of a closed: refrlgeratlon system to heat a
fluid and to condense the vapors of a fluid. 1Illustra-
tive of this type of prior art are U.S Patent 1,466,670

. to Monti, U.S. Patent 3,070,463 to Barday, U.S. Patent o
3,091,098 to- Bowers, U.S. Patent 3,234,109 to Lustenader,

15

20

U.S. Patent 3,299,649 to McGrath et al., U.S. Patent
3,460,990 to Barday, U.S. Patent 3,461,460 to McGrath,
U.S. Patent 3,486,985 to McGrath, U.S. Patent 3,492,205
to Webber, U.S. Patent 3,699,006 to Hasslacher, U.S.
Patent 3,869,351 to Schwartzman, U.S. Patent 4,003,798
to McCord, U.S. Patent 4,014,751 to McCord, U.S. Patent

"4,209,364 to Rothschild, U.S. Patent 4,210,461 to Moree
et al. (column 2, line 66 through column 3, line 11),
~and U.S. Patent 3,308,839 to Barday. '

25

B Also known is control of the vapor level



hea g el ement thereof may be a condensing coil inarefri geration system

(cof 3, lines 43-45). The Schwartzman patent, |isted above, shows, t'he

- use of a coil 25 to provide an additional cooling 10 effect and in order
to warmthe seawater prior to entry into the tank thereof. Coil 25 s

|l ocdted above evapor- ator. coil 24 of the.refrigeration systemthereof.:

U.S. Patents 3,308,839 and 3,460,990 -to Bar- day, |isted above, show use of
a wat er - cool é’ﬂ“h‘ébﬁ -2 18R 9T RARQY MPRA T e by 56 g arptenies rd tnord her mal |

equi-li- briurend TG V@ vi Gar €ia St GPRAT AL LW NSEESSATd cff@mtes removal ,
of sone of the s fluid passing fromthe - u

bIe heat. in the woyKking
.condenser to ’ﬁﬁae]g?/%a rEhg oo ff ¢ro! H?egr%]f%%e]r'gt"r}lﬁ\ i t her eof , by

- sup- 20 pl enentsal h@e&tnxa‘ln;ry bofgerel ®neype SEE ﬁ'ﬂf\i@r p_:rzrtorlsaru -and t he ot her

- prior artg of &, SR 0 ficient . .
. appar at uss an préc:)'{(;tess ‘or’ vapot(re(l)zp?énéé%é'l ‘%&%‘ dsa&on-- de sfltngtqehe vapors.

thereof that RR3%INEcIrRRANbitharRoRay hegsiandans padidi g the |iquid .

and that _is qeénmgeﬁtm Ndyod 4 Of dBiniR 3 baiﬂ{&ﬂd:ﬂ-& -appar at us by

modul ati on of heat ‘extr %bfromva or s ‘of the i qui Furtherrmre this
prior art fails to proﬁtﬁa WA ZRA LRt - e aRoverd ShastEess of the

type descrl behh@(hse aifh\ee ddialt ZSstld tErovi gen amMARAEGN IStddd1dthgon rate,

an incr e r Gre ed dellver of heat to a

| ._condenser of E c} Zag{edoirq’ef%%eﬁaaﬁ 1 of syg(':tsn Bf oy e06&#% i ci ent |
of perforrranc‘é’tCDI CRURE theraet .| NVEENTY @9 35 located above| fevapor- .
accordi ngly eneoieat 2f off he TR MEIYr] %gzstt%npf wpe 2 novel

‘apparatus and -nethod that, utjlize heat” of conpréssion for vaporizing a

liquid and that maintaitt S héPfd i mids 89 aa&dos3ed5r°ef9r9|°gél°atelac§'rr - - 3-

| ‘day., listed above, show use of a water-cooled heat-

15 "absorbing element 56 for-naintaining thermal equili4'
brium. However, Barday's apparatus unnecessarlly
tenables removal of some of the sensible heat in the

-worklng fluld ‘passing from the condenser to the evapor-
ator coil of the refr1geratlon system thereof, by sup-
20 plenental heat absorbing element 58. :
This prior art and the other prior art of
E which we are aware fails to'prOVide an energy effieient
apparatus and -process for vaporlzlng a 11qu1d and con-

- densing the vapors thereof that utilizes heat of com=
25 . pression for vaporlzlng the 11qu1d and that is capable
of nalntalnlng thermal balance in the apparatus by

'modulatlon of heat extractlon from vapors of the 11qu1d

sFurthermore, thls prlor art falls to provide. an energy
efficient apparatus ‘and process of the type described

30 _above that results 1n an 1ncreased dlstlllatlon rate, an
increased condensatron rate,'an increased delivery of
heat to a condenser of the closed refrigeration system,
~and an 1ncreased coeff1c1ent of performance.
_DISCLOSURF OF THE INVFNTION

35 _ It is accordlngly one object of the present

' invention to provide a novel apparatus and method that
utilize heat_of.compress;onlfor vaporizing a liquid and
that maintain thermal balance in a closed refrigeration

)




“system used to vaporize the liquid and condense the vapors thereof, by [
nodul atimg heat extraction fromthe vapors. A further object of the preseit

‘Jdnvention‘is to provide an apparatus and process of this type that providez
an 5" increased distillation rate, an increased condensation rate, an '

“increased delivery of heat to a condenser of the closed refrigeration
system and an increased coefficient of performance. According to one
aspect  of the present. invention there=1@ =i s provided -apparatus for
vaporizing a liquid and condensing the vapors thereof, conprising a still

f or “q@nt ai ni ngsystemuiard thapgsdias dpeaddanid 8884 cPEARPEEr EPEOKABYEEem
to utilize heat of conpression for v porizin%'the liqguid,, said .
refrigeration %S%ﬁ%ﬂﬁ(Xﬂﬁﬂqngﬁfgiqﬁb%ﬁﬁés§5F,a&tigncgﬁagnggﬁ VAPEEPY still
to be in heat transfer rel atianshi i t.h i qui 0. I zed  i,n "

still ‘and an evapor t%ﬁrE ?f,ékﬂ%ﬁﬁké£1€h$tﬁ¥$%éﬁﬁ ﬁggf%gﬁﬁgbggigh gggégﬁ1a
mei n cool ing ool o b0, LANAPNSE: (ARMLMNicHN has REBR eKaROpRLOdabEORN! i qui d
heat ed "‘by the Con ser, means belng provided 20 for preventing excess heat
bui | di ng ups i r&ﬁ&%ﬁﬁ@fﬁmﬂt&ﬂm‘ 4@ d,haneahcireaeeah cbhaensaplignof

energy to operate the conpressor, said neans for preventing heat build up
conpri sing an @ik ) i1 Yirexaddsul Quliveirgyiotethelat theastobhldeasea bbcati on
beneath the evaporator coil 25 but in a position to contact vapor rising up
the still, a tewpeorkissd msefsioyeraridomeysseior lapdnanoincngaspd £peffafient
- cool ant through said auxiliary cooling coil responsive to said sensor.

“4- The auxil i aof peffommanes. to contact the vapors resulting from _
vaporization of the liquid and to extract fromthe Vapors hea%.in gﬁcess

19

of that necessary tBCRAFRIBI R HRATASIRALRE the BIESERFarVse ere
auxiliary £oil; 2 oisyPERR SSaldQil ¥ Walpd:9%53l 871945488 dohdensing
o the vapors therecof, compfising a still for containing
a_liéuid toﬁbe'vaporized and a closedfrefrigeratioh system
to utilize héat of'compression_for vaporizihg the liquid,
'said refrigeration system compriSing.a_compressor, a |
15 * condenser in said still to be in heat transfer relationship
with liqﬁid to be vaporized in the still and an evaporator
Cdil,fprovided'in thé still at a_location.fs form a main
cooling cdii.to condense‘ﬁapor which has been evaporated
from’liéuid heated by the condenser, means_béing providea
20 for prevgnting excess heat:building up in the apparatus
during use thgreqf'thrdugh tHe_supply of energy to
operate the cpmpressor, said means for preventing heat
build up comprising an auxiliary cooling coil p;bvided
in the still at a-location'beneath;the evaporator cqil
25 but in a position to_contact,vapbr rising_up_the stili,
: - automabically '
_ a temperature sensor, and means forlcontrolling the flow

of coolant through said auxiliary cdolinglgoil responsive

to said sensor.



béﬁ%ﬁen t he condenser and the evaporator coil whereby the excess heat is

r ved prior to the vapors contacting and condensi ng upon the evapor at or
coil. The auxiliary coil has heat extraction controlling neans, which
control 10 heat extraction by the auxiliary coil whéreby the excess -heat

- is renoved by the auxiliary coil fromthe_vapors. In a particul arly useful
. enbodi nent, the apparatus further includes a trough for collecting the
condensed vapors. e duwiigiary doigatstves o dditad itheaRdpbis Situat ed
bet ween t he condenser and the auxiliary coil, as'a result of mhlch the ..
condensed vapamsumtangowkcmtadpmruhamlbheoftthb ﬁQQuﬁaana|tbhekeré@ﬁ1 At
further aspect of the invention provides a process of vaporizing a liquid
" and conden3|nérpﬁet@@pdp@oﬁﬁeré@ﬁtZQn wieeesnolfieshatf necapsasyi bo mainssih

for vaporizing, the' I|qU|d such grocess conpri-sing passing a working fluid

“through a clo ﬁ%ﬁrw P&FFOH“S? EcAPPAERLHPRg EhéoﬂaéhééﬂrYocaLéd Wi t hi n
a still contai.ni.ng a UId belgg ¥g£0r|zed t he condenser _bei ng
5

“heat - transPer H%el® 5 i FERP FégFFGEFHn §MSE9§po?5@o%sc%¥Fu%F%@
| ocated in th%e%bbeh Q&E'@gnﬁangegahﬂdcgﬁl g?ﬁg#%Fﬁg %ﬁg ; ﬁ%ﬁ%ﬁ ors

rising up the sti ressor of excess

heat fromthetﬁ\é%%bgg Rat0igRLBhBYEa" BPIBP! to the PPLBRES LOntdd:? Stemﬁ

by additional cooling under the -contro a sensor

refrigerationanygstendehBengddbbhoenk £08bbPaLES1 88; HoNerhy JRADFi £f
auxiliary cooling coil located in the still beneath the 5 evaporatd¥ COI|

=)

‘but above thecbéwehaefhéaquedtracthenSbbhtrolDEné|ﬁ@aﬂé ol et cdieLagh the }.

“auxiliary cooling coil being automatically controlled in response to
changes |mOthbeaénpétaathOpabntherassnsedrbycbhb sheseby t thebexdes s a
required |l evel of vapor in the still. 10 . The ‘invention will be
further descr P88 #Ft Remevedchyethe auxiliary coil from the vapors.

'In a partlcularly useful embodlment, the apparatus
_further 1nc1udes a trough for collectlng the condensed
vapors. -The trough is 1ocated-w1th;n the still and
15 situated'between the condenser and tne.auxiliary coil,
as a result of whicnlthe condensed vapors are collected
within the still for removal therefrom. -
| A further aspect of the 1nvent10n prov1des a process
of vaporlzlng a liquid and conden51ng the vapors thereof
20 whereln heat of compre551on lS used for vaporizing the .
"llquld, such process compr151ng pa551ng a worklng fluid
through a'elosed refrigératibn system ineluding a~cendenser
'located within a’ still contalnlng a liquid belng vaporlzed,
the condenser being in heat- transfer relatlonshlp w1th
25 the liquid, an evaporator coil also located .in ‘the st111'
acting as'a main eooiing'cpillto ¢ondense Vapdrs‘rising
up the still and a éompressor, and contrdiling the removal

of excess heat from the system so as to maintain thermal



f%o the acconpanying drawi ngs the single figure of which illustrates a (zé;
particularly useful enbodi ment of apparatus enbodying the present %
J4nvention. In the especially useful enbodiment described bel ow, 15 the
condensed: vapors are collected in a trough located within a still in which
vapori zation takes place, for.'renmoval aof g$he condensate fromthe still.

I n -6- this enbodiment, the apparatus of the present invention'is used
wi th ‘parti cubalapdeanhagesasystamby sddgianal .cddlingryndererthene present
invention is used.for gapixeag out a chem cal reaction under reflux
condm¥i ons, tbatfol ofnd¢asmdovajnrtharstill owedthe refrigexarior still

~-bot- tom -and repeated vdporization and condensation gccurs. In another
enbodi ment osyskempr benaddivéenabncoeking cheing eRe B dieans £ @M ect ed

ir t flask | ted_exteri the_ stil] ther .th ithin the’
st 1170t - Closunsdinny cRadingrEoRt cherstravin, i FLl eitath ‘e | "
ducting a distillation in,wh . i tiddyais.
Usef Ul Ut or ScBVARPRECER: CRiinBRE APSVRAERF hTRhart rEHTILE S e gaarL, O
useful for V%g.%r &,2?2{ S?Shegl%ﬁpeﬁféugh & Ui $1aty AdOlEnd @Am%elﬁ%ed

producing fre romsalt water” The inventionn wll now be descri

Wi th referengetbmatiealdyt boHtAbLYeds 8hUbeSPREE MBSt cHANYES | in (e deaperadue
In this enbodi ment, an apparatus according to the present invention
includes a sigamemedes! e2adedOby thérsgrseti o mytheainam required ylevel
condensing coil, means for controlling heat extraction by the auxiliary
condensi ng ceifl vapoa dnt thegtiidd.col |l ecting the con- densed vapors. The
closed refrigeration systemincludes a 25 - condenser |gpcated within a

still andlon heat -t r Thef dnventicnowdhlpbei ERrbher GeeCEEPeR Wil rekrrencs e
refri- L L S . o
to the accompanying drawings the single figure of wh:.c;h
illustrat_es a particularly useful embodiment of apparatus
'embodying the present invention. | ._
In the espec'ially' useful embodiment described below,
15 the condensed vapors are collected in a trough located
within a still in which vaporization takes place, for

‘removal of the condensate from the still. 1In



~geration system further ‘i ncl udes an evaporator coil, also located wthin
(:}gﬁe'stjll, a conpressor, and a |ine connecting the condenser to'the -
evaporator coil. In 30  operation, the refrigeration systen1conta|ns a
wor ki ng fluid; the conpressor rai ses the working fluid to a hi gh préssure
and adds heat of conpression thereto;: tdg- con- denser transfers heat S
- I-ncl udi ng he .ession fromthe idto the |
result of matta%%se’“ é"ﬁﬂtquut&% ?RR%}'&V%) e(?r%gr%’et RE SR H ﬁ"ﬁ&%?ﬁ‘l ng
fluid containiss sesesd uld:mqmr;tmdatm@d\aame:am% a |ve pogs dlegreaisg rwor Ki Q%
fluid from the,Lopdenseled %M%&W alrRfertQidn WRETRRA tdig \@Q&Jﬂ]ﬁagﬂ ul

~entering the evaporator - -7- "coil contains the sensible heat

auxi liary corehdl rfefdigalj Feaqidon andedmiatd Wefaqngdtdandn &Pstem and is

si t uath ed et Yaﬁmémd:wmﬁerawﬁntmewwrﬁtmmmdh thel Btiihils basat i on,
5 the auxi lary C COI‘lt CSt ars pr r f he \apors tactlng
and condensi ntgonl!pcﬁ{'ét He FS a(g)rer & Ftlon].mn 1 c? elngrat C%%% ‘liary
coi | enabl es krhisnatdidr tetmhqeim\ﬁ@h‘ rafim tthiee prasent hmemtnoeixcwg gebnthat
necessary to Ju{dudi ;Idlf‘s aa%afcghti%ééé% T a@&”%‘% f1fask0 10dahR geXCESS

~ heat were not rean enter the refrigerati on system upon '
" condensat i on ¥ ec’-ﬁ@rvd-'ﬁbrfé“-’orﬁtt reRteR dhadoiwl thdmd thise skdddr dtas woul d

become up bajarxed mngk f aide plﬂetsmugmweeatcir&wlrsg lﬁe@m (B&:er come auxiliary
coil, additio aI AUXI|E§ k i.l.s, coul d

auxiliary coi r%ﬁﬁq(ﬁP BglfﬁeYﬁﬁ?rs gff 58' |n§t80n trolled

. so that the a:mmmtdeofa hegEit Ir e nicsy ecb effrudm fiche oaamynsugby)utthe sherliicady coil is.

in excess of thate NGEa%H4 rﬁéél‘?zﬂedcﬂ‘{dq rryﬁd Ral ReEJin ftolge appar at us.

Con- 20 = trol 1Is ac i eve f or -exa rov1 ding a needle valve in a
~line feeding V#RYol QquQ§hW$:£Hﬂ?9ﬁ$ﬁmn 1 distillations include

15 produc1ng fresh water from salt water,

The 1nventlon will now be described with
reference to the particularly useful embodiment shown in
the drawing. _In this embodiment, an apparatus accord;ng'
to the present inventioﬁ'includes a still, a closed

20 refrigeration system, an auxiliary condensing coil,
means for controlling heat extraction by the auxiliary
condensing c01l, and a trough for collectan the con—
densed vapors.

The closed refrigeration system 1ncludes a

25  condenser located within a still and in heat-transfer
| relationship With a liquid to be vaporized. The refri-
geration system further includes an evaporator coil,
“also located within the still, a compressor, and a line
connecting'the condenser_to the evaporator coil. In
30 operation, the refrigeration system contains a working
fluid; the compressor raises the working fluid to a high
pressure and adds heat of.compression thereto; the'con-'
denser transfers heat including heat of compression from
the working fluid to the 1liguid, as a result of which
35 the liquid is vaporized and the resulting working fluid
contains sensible heat; and the line passes the result-
'1ng working flu1d fron the condenser to the evaporator
coil whereby the working fluid entering the evaporator

- sl

ion with the



'ﬂhe'auxiliary coil. The valve is adjusted to regulate the flow of the (z§>

cooling fluid intd the auxiliary coil. Control is automatically nodul ated
w25 . Suitably, automatic nodul ation is achieved by. locating a regulating
‘devi ce such as a thernmocouple at the normal ‘vapor line in the still. The

~ regulating device responds to the | ocation of a | i ne forned by t he vapors
‘within the still by adj ustlnqulom/of the cooling 30 fluid through the
auxiliary coi | Soihgcep okh¢ i sRNFikE Rethe nornmml vapor line, the

regutating device oper at-ﬂset@.xmpiaagsecdr{uerfémq Q§01tthsC%Q|PL3|i'9tfe| rdm

h h th I hy I d-th
Fegul i ng doths FERFRAS AR RAGR fand W YA BedRBR (REC 0T g
fluid. Cbnvenleomdqnsetmﬁmﬁ|thqn&nﬂnhxhtpnnnqilheedd|h@95mlphaméedhe val ve,

uhi ch serves agng RiXIP{Yyaldes HHiadd Whd Hadlirsspadcd0 tehdhet e f1 ow of

the cooling - - urd. 1's Jnsufficient to totaII absorb the heat of
“conpr essi on unﬁ%P°¥%dﬂ°Qﬁﬁﬁﬁ%?Qnﬂ9d 9&Rﬂ%ﬂ§iﬂﬂI%P°WI¥QPeeV§PBF5$PHed a
parallel feed ¢oik. t hm;é)ym&se‘ﬁoﬁ hef e atu:arhefryt ke ilaienabilee BRYsNg t he

primary needl e X?vago £5e %ﬁ&y%ss | i Qo@_%ﬂ?gg% %Ix%e\égl ve: t\‘)‘@'tCh serves

. as a secondary val veé en0| StTream ron1the
secondary val weecessmrmtemmtmmethes aRparadt U tcble@rmed bplenhgereglifating

device. Vjen ¢he é:@é@é@'kfbé’@'vb@ré Fndﬁ"' RhRRY) RS Wolu2@ ‘engddi thenal
cooling fluid 10 fl ows roug the auxiliary cqil, and when the sol-enoid

valve is in a E?%E%&FEREﬁ?W(ﬁy quﬂfquHQEWQQ5k°Ps°ﬁeFEFnVﬁBBanP9 by the
primary needletNaJewapd&&tﬁ&ﬂadlluxhﬂdﬂﬁhe1dp@a&b&@sawbueﬂedebwmseaﬁ- i ng

t enperature ck@}fn?aerllcﬁ]dlt e r?a”l' geral or,]lg}‘S thec'drr%ld"ﬂngars]goagj ggﬂ,ngnéhe flow

- of the cooling u n respons
auxiliary coil, addltlonal auxiliary coils could be used

15 in comb1nat1on with the auxiliary coil shown.'

o _ Heat extraction by the auxiliary coil is con-
trolled so that the amount of heat removed from the
vapors by the auxiliary coil is in excess of that neces-
'sary to maintain thermal balance in the apparatus. Con-

20 trel is achieved, for example, by providing a needle ' “
valve in a line feeding a cooling fluid such as water to
the auxiliary coil.  The valve is adjusted. to regulate
-the_flow of the cooling fluid into the auxiliary coil.

. Control is automat1cally modulated.

25 'Sultably, automatic modulation is achieved by
locating a regulating device such as a thermocouple at
‘the norﬁal.vapor line in the still. The reguleting-
device responds to the location of a line formed by the
vapors within the still by adjusting flow of the cooling'

30 £fluid through the auxiliary”coil. As the vapor line
rises_to the normal vapor line, the regulating device
operates to increase the flow of the cooling fluid

-'through the auxiliary coil. ‘As a result, the vapor line

edrops, and the'reghlating device then operates to de-

35 crease the flow of the coollng fluid.

Convenlently, there is provided a main feed
-line_with needle valve, which serves as a primary valve.
Thisdvalve is adjusted so that the flow of the céoling



_G@éznveniently, evapo- rator coil dlscharge i s monitored by |ocating a
Todul at - ing device such as a thernpbstat downstream fromthe 20° ‘.

evaporator coil. The nodul ating device suitably oper- ates a system of the
type described in the previous paragraph, in place of the regulatlng
device. - . The trough IS Iocated w+$h|n the still, and is situated

bet ween the c enser . and e aux | cat above, the-

auxiliary CO|$‘{1 h% 1% hén%‘e/% ’o‘F’a?%{" %C ﬁ\‘lo ]el%ll%s?%%%dqam%% etdt he still.

As a result, caepmndmeuhdapolea@r@orm@itm:ed whddhi i ereel kit i | §hefrer Q '
_removal therefg o§9aeat50§%réffef%éa awn&%ﬂa@rwdé;ses@yam bor- 74

0,
il are located g%erlor e still, . ensed vapors are
col l ected in hipdtobrthe 8210 oliRedda%iRG | Hhe tRF iPRF%tH9991e HRkVe t he

trough s TWB§95§’1_B$$(S line tihas £nbosdlé Nplve Anvieitarsdrves as accor dance
with the present

_ _ vent Is_u 19 &0 duc The
trough is al s%eccﬁréé%l% %%%e é'igp%r% %’é’go’f ccordt\%%aet?m t?#%%tea% '

i nvention, isfuerdthe seropdary walveni cEie realenoid valee ¥4 enregy
-efficient prO&PSélé dveyoeh@'&gg@lét% P& ONARNS Nighd NSy 2RI t her eof

using the par- ticular|y useful apparatus set forth abque, Will now be -
described. IV2i¥R iFrid R sePRDPOSHebonf 4R bionakcosling fladdhr dance

~ with thergnvepiows, uarwgtklemeféwﬂlmr@ ESFEPUSn& L vitidn | GhPasSRehdidm t he
evapor at or c0|

to the,conmp 0 n accorda nyention, in
the next step’2the b%sé%u% ﬁg?i %gp??h?ﬂ° 5 ?Qﬁéﬁ%%séipﬁélég gt pressure -
and heat of cdepewsitned osludopdthécpeimarvitneedle avalve d essentlal step, -

the high pressure gase H@\Aﬁ%y gcc,ggla@iglﬁ{l&a;f{r% %eat o% Va4 'é?arh s

passed to the condenser ereby heat 1nc S|on S
transferred f¥6ﬂ1F?EP%F@h“ﬁ?eQEuPEﬂﬁﬂﬁﬁ% 3ngR din othe refrlgeratlon

15 c1rcu1t_and adjustlng the flow of the coollng fluid . ln
response._'Séasefs—aﬁe—cenuenieuﬁly—%eeatéd—se_as~to
meaé%or—eompfeesef—heéépreséésé. Conveniently, evapo-
rator coil discharge is monitored by locating a modulat-

_ ing device such as a. thermostat downstream from the

20 evaporator_co1l.. The modulatlng device suitably oper—
ates a system of the type described 1n_the previous
paragraph,'ih.plaée”of.the redulating device.

The trough is located within the still, and
is situated between thé cbndenser and the auxiliary
- 25 coil. As indicated above, the auxiliary coil and the
evaporator coil are also located within the.stlll. As a.
resUlt,IEhe cohdensed vapors_are'cdllacted within the
still for removal therefrom. ' o '

30 tion, the auxiliary coil and the'evapérato' €oil are
located exterior to thézstill,-and t
are collected in a pot or flas
still. Thus, the trough i ‘
iment, an apparatus i

condensed vapors
ocated exterior to the
unnecessary. In this embod-.
accordarice with the present in-
:35 vention is us
is also.
the j

o conduct a distillation. The trough
needed when an 'apparatus, in accordance with
entlon, is used to carry out a chemical reaction



% he l'i qui d, mhrch Is in heat-transfer relationship with 15 the condense(ii//
" As a resykt, the liquid is vaporized and the resulting working fluid '

Lont aj ns senstble heat. I n accordance with the invention, in the.fourth
essential-step, the resulting working fluid is passed to the . evaporator

coi |l “by the sensibl e heat- conveyi ng9-i ne whereby the morkrng fluid

entering the evaporator w %n Q@%aeQ%qugn%eg§er h@g} vaFQrE ﬁa%t

~essential -step, heat in excess that neces i nta
bal gnce in the ldgpddarang icondemsiag ﬁh@nWﬁﬁ@rﬁaﬁb?§ep§sHﬁinﬁgtheonﬂr-

vaposkzation oftiidiaadly dsleCfldildapl?:faer&ts tsteensbethceabaét, ben\eﬁawtrb@
vapors and the _auxil.iar ess he éennvg ﬁén t he nanner
e

descri bed abov&¢SH5ibE o t§§p§ﬁ§s ofit&EM ﬁ@laﬁ €Rof FnBrAPORS ¢ he
evapor at or. &xnllnIatcnndamwanmatW|thetheventenhroa wonkihe fiduidsiepa the

condensed 30 uaatls Al e0liCehedetn bl ttguganSFFts D¥8L10tol i

condensat e fro% e stil her enbo I ments br ove,
condensate is m&@ﬂﬁﬂﬁ%&ﬁ-(jIPnaFﬁ@rﬁﬁﬁﬁghW1tRthérlnYﬁEté@hdehBat@els

return to the sleidtl step, hakt gasebist berraahbl wb@al YsUg8nplte 8508 d¢ et
descri bed in det,ail "above, the agﬁ rat s of resent $ ntion is very.
3 ps r’%a d _

useful as a vapd@PaREFEZ8EF 2pd c?apr8§§ oni pg # thergto.. . 7 -
degr easi nd 0sol ent@. thumdaewapomldégseaperthehbnghrpressunebgmaeomm at .t he

still bottom aideef teheddninby ek ﬁ@?thbghcgﬂgre9918§ni§n%§$§@§ gych as

‘lubricants. A suitable degreasin vent ranges In poi nt from
about 70 to 12¢heecond E?feFoWHQGf YER@AS| ARrglydinenkeatref compression '

trichlorotrifl yer eethate r¢Bdl E3bm aaeaﬁegarpaesstrB éé@e@@g £5ORd opanol , an
azeotrope Of Rt%%BilaEh%nol lcﬁoggogang a@”Qrakétgﬂetef ionshlp.w1th

15 the ‘condenser. As a result, the liquid is vaporized and
the resulting working fluid contains sensible heat. '

o In accordance with the invention, in the
fourth essentlal step, the resulting worklng fluid is
passed to the evaporator coil by the sensible heat-

20 conveying 11ne whereby the working fluid entering’ ‘the
evaporator coil contains the sensible heat. In the next
essentlal step, heat in excess of that necessary. to.
malntaln thermal balance in the apparatus is removed
from the vapors resulting from vaporization of the

25 liquid, by heat transfer'contact betWeen the eapors and

. the auxiliary coil. The excess heat is removed in the
manner described above, prior to the vapors contacting
‘and condensing upon the evaporator coil. = In accordance
with the invention, 1n the next step, the condensed

30 vapors are collected 1n the . trough for removal of the
condensate from the still. In other embodiments briefly
noted above, the condensate is not collected in the
trough. Rather, the condensate is e*ther—ee&%eeted—e*—
Eerier—te-the—strii—uz allowed to return to the stlll

35 bottom.

In the partlcularly useful embodiment

'-descrlbed in detail above, the apparatus of the present
invention is very useful as a vapor degreaser. In this



trope of R-113-and nethyl ene chloride, and trichloro- 10 f I uor onet hane
(R . High boiling point solvents are also useful. These incl-ude. - =
1, trichl oroethane (boil- ing point of 165F) (73.9 [err]C), . .

t R or oet hyl ene (boiling point of 188F) (86.7C) and perchloroethylene

(boT'ling point of [err] Thus, the.solﬁ%nt may have. 15 a boiling point
up to about 250F (121.1C). The working™*0id is any suitable refrigera-
tion fluid, waseRth? Hdigujdpdst iacdegrensingt sblleehar uga anvaperpr esent

i nvention. | 1ydd AR deg %%Sqr11%“%%%%&h%tngu5@tt9@ 2k129 potbgnpeal =

~extracted by the aUX|I|ary coil is advantageous since wor
into the stil®d degreasingesolvesth ené highr boidingeconfpminante spckhe work

:oad glses tQﬁﬂlhﬁﬁﬁﬁﬁﬂ?ﬁPD@E%?&&Qb%@n@e§r€§thBesBQb%?Bgéaﬁbés oh. the

i qui erial, .i.n the ,sti ot.t om €s.as reasi ng
solqventlTIiSt vﬁﬁﬁ#ﬁf@HFDEEﬁ §W%5§°u§n§°r§90§3§§? Zﬁitﬁs g?lg Aut onati ¢
modul a- t|onEmemﬂlsayaawdwbageoaselmrachdorbtmgfaudrsEthaae|on-lE@ierence
s now made bG lhe HArdpen AR aaevaeapkﬁgaﬁee AL h20opRLER gxeml1fies

a vapor 30 _deqgreaser in accor i S draw ng,
still 10 con®aid 'aeG§§P8&3|ﬁ§°ESPPéﬁPIaﬁ§dc6htrpaﬁ#haﬁ?s ancpased

. refrlgeratlomrﬁm&tﬁﬁlk@luﬂchhde&e%h9maﬁénéﬁloiﬂde@naﬁdPBEEEHDofélYedlgS an
evapora r C a cat e

i EhPRR, CneermsRaRRCHRI DS AlonsBS4RiR8r BRERE Gattapts Fheat cd |

mnthln stil | algoi #sgdxill.i amhesendacdudeng, &@EttﬁﬂchLoneeﬂﬁaneedsoaleool|ng

fluid such ainbabéﬁnto Quﬁbbhﬁﬁ (9@'5 égé tr 5@&1 0ef ngf$8lgﬁﬁ%pstrean1

28. Bypass |line 30 gé a_needl e va ve eno
fromval ve 3POIN#nQE-388°RY AB6rd 8&.?gdaa§F9P59yoe5hyleaebyb¢+hbnea
Situated in poiht df a50rF¢ nardwlecapor Thise theasbboenbchapl ashown as Y

15 a b01l;ng point up to about 250°F (121. ‘1°C).

’ : The worklng fluid is any su1table refrlgera-
tion fluld. with R-12 belng partlcularly su1table for
use in the present 1nventlon. .

_ “In a vapor degreaser, automatic modulat1on of

20  the heat extracted by the auxlllary c011 is advantageous
since work loads introduced 1nto the still extract heat.
from the vapors as the temperature of the work load
rises to the vapor temperature, and since the bolllng

, point of the liquid material 1n the Stlll bottom

25 - increases as the degrea51ng solvent 1s vaporlzed, con-

densed, and removed from the still. Automatic modula-
. tion is also advantageous in conducting'a distillatlon.

_ Reference is now made to the draw1ng accom-
panylng the appllcatlon ‘which exempllfles a vapor

30 degreaser in accordance with the invention. In th;s.
drawing, still 10 ‘contains a degreasing solvent'and con-
taminants. Closed refrlgeratlon system 12 1ncludes a
condenser 14, an- expan51on valve 16, an evaporator coil
18, an accumulator 20, and a compressor 22. Located

35 within the still are condenser 14 and evaporator coil
18. Also located within still 10 is auxillary condens-~
ing coil 24. Line 26 feeds a coollng flu1d such as
water to aux111ary coil 24, Line 26 has a needle valve

htr oduced -



%5 inthe drawi ng. The drawi ng shows in phantoma sensor S for nonitori
t enperat yre .change ‘i n the discharge of the evaporator coil. The sensor i
i+hermostat. In operation, liquid refrigerant at high pres- sure and '
cont’ai ni ng residual heat is passed fromconden- 10 ser 14 by way of. Irne
40 to expansion valve 16. The refrigerantllis expanded through val ve 16

i nt'o evaporat or. §0| Is%éﬁs%hﬂg?hgoeﬁlggogqgeeesdfé JOWPrESSY £ The:l heat of

vaporization.is 28psor e vapors, caus e Vapors 1 o con -
The refri gerant Vahee | 24veRs B2 1@1'9_15 valye 32ne ‘H’EE corpl ing eflviger ant gas

cont\gins the se@susbé@xhﬁﬁar@n@lomezbew Phne/aperi zsaitﬂmeaﬂiex Qbae'ilqnters '
accurmul ator Zo,ﬁméght refri :

{raps._an reS|duJ er.ant
refrigerant gas ' f¢&etd '5%?"?¥ YARPT i §10F atth %htrtb ‘?q+¥’ele4fh®’msm?& i*on
from conpr eSsorir2the 2@rawidngrpr eByerd2dvirg sxi’sovtshem gfhdrgmmard sgasdro shi gh

pres- sure and fgrdﬂé,@gtgpm?dgéng@ﬁgt c&{gq{cfési,prkﬁe? dileHGYe e racted

by the gas in evaporator . coi i gh pressure retrigerant gas is
passed by |ine 4p°tevaRemRiRErcail . wiThe sensomeisad thennes tddgr easer

sol vent f 25 tﬁnd cont am nmtcpeyi-&h{ep?n, |ppdmmt r}ﬁhﬁrtl%el”t%?\tht Gft g?@hr @fi—etsﬁ.f on,
passes fromthe_refr r o the Li erial_in the om o e
still causing th |§él+%§|§£ﬁm% T feos ﬁl % oraazg@edT%é'mechf‘&Sf‘ant i's
condensed 19 a séxuld by Wﬂ)gm#)rhsfwrm tAleddararionc aiall ved 1sant ahes 30
the vapors firs t

p be SALLA I Cf LA ddifs VAR u;hh%%we 198 %ag%%t

necessary to maing al n_ther arat us. e vapors th
contact evapor &89+l cbfi “HErer b prarpratas ek Jiq‘rem-‘@ﬁ@@rlrgateThsr hﬁém)w ng

the condensate ¢f ovapdridatiibn 35 absorbed froml et %F@%@U%@sihgv"@hés Y
w t.hin st 10 in the

[gafﬁgdia;geﬁh &Qﬁf elggﬁgylég%§$f¥ llnq?ﬂ@ ﬁ@?ﬁaﬁaFaQSFvﬁﬁngolﬂhgs

t her mocoupl® Opelnas e d VElis Mrlgerant gas contains the sensi- -

' - ble heat and the heat of vaporization. The gas enters
accumulator 20, which traps any residual refrigerant
liquid. The refrigerant gas, free of any liquid, is -
draWn through line 44 by suction from compressor 22.

20 ComprésSor 22 raises the refrigerant gas to high presé
sure and in doing so, adds heat of compression to the
heat extracted by the gas in evaporator coil 18. The
high pressure tefrigerant gas'is passed by line 46 td

. condenser 14, which is immersed in the degreaser solvent

25 gnd_contaminants. Heat, including the heat of compres-
sion, passes from the refrigerant to the liquid material
in the bottom of the still causing this liquid material
to boil and vaporize. . The refrigerant is condensed to

_ a liquid at high pressure. 'Auxiliary coil 24 contacts

30 the vapors first and removes from the vapors heat in
excess of that necessary to maintain thermal balance in
the apparatus. The vapors then contact evaporator coil
lg,' Troughs 41 collect the condensate for removing the
condensate from still 10. , '

35 . The thermocouple shown as Y responds to the
locatlon of the vapor llne within still 10 in the fol-

_'low1ng manner. As the vapor line rises to the normal '
vapor line, the thermocouple opens solenoid valve 34



-12 to increase the flow of cooling fluid to auxiliary coil 24. As a
kt, the vapor line drops, and the therno- couple then operates te’‘cause
Enoi d val ve 34 to close so that the flow of cooling fluid fromline 26
¥ auxil- 5 " iary coil 24 is determned only. by val ve 28. The bel ow -
- exanpl es are iIIustrative of the . in- vendizen. is .to be understiood that °

t hese exanpl e ar.e not n tqQ be inter das limting-the_ scope
of the |n32nt%8h cﬁ&?ﬁgr th yéﬁ%’ ﬁ%eﬁ@@&lpﬁaga 5 §opu*idiargs copd

i nventi on be @dfi nds byrﬁh@l¢bamhe apperdddnkedebps, EXAlPEEe 1 thising-t he
apparat us of bhgpleathan, oiiraliess teRahsRedoh kAL 100048, can ) gpe" atg

under the con- 15 = ditions set .fort a com
pr essor i nput SCCERBLE. E8a§}°&f°§ 7ooling £uid( £59BV} ipRodGCcES Aukeht i nput

to the cosdendery(Codd. zweas)de&eka;aaa Biw&hayrvé4051Y% a distillation
rate (BUR, that is boil {HR Rat oynds/, 0.0276 kgl and. 20

a coefficient of perfornance 8§%P%&aﬁizeg gggh F%atbg?aﬂk égF? The
coefficient oVep&ipPsdrmadteisstoabe vobarsdoby uhatdthgsehexamaledearaered _
to the condenﬁat By &RY %Q?ptﬁsﬁgr1hQ@Gpre9eEh§sT;gm§t1n§V@He 5@?%; Is the

heat extracted m t he vapors evapor at or " Cond.

Rate" i's the egnﬁgﬁsﬁﬁﬁePQEQnof %ﬁé hegnddhsateintemiaathdt Eh@aNVPEEPRSsi ng

an appar abus aﬁdtpeodadenelbdeDEIeaflhedtbyttHQSELabﬁg hpp&Xaspl e 1 except
that a heat ey g Rger . i.s placed in line 46 between conpressor 22 and
condenser 14 an aUX|I|ary coil 24 is not operated, there i's obtained a .

heat input-to the condenser. of 10, 64EXBYPLEhdur (3116W, a distillation

rate of 169 pounds/houruf,.@n 2;§ekg§§gr§ggs ogoEXglg*gp% ! gL dior pence of

2.84. 35 ng E on, i.f can be seen that ovi dés an
i ncrease of - SG@SF ﬁé &Beﬁ?FEFénP SYepe?FGrﬁBﬁE%tbﬁgnpn er the con-

15 ditions set forth in the Table, it is found that a com-
pressor input (Compr. Load) of 3,739 BTU/hour (1095W)
produces a heat 1nput to the condenser (Cond. Heat) of
13,833 BTU/hour (4051W), a distillation rate (BUR, that
is boil up rate) of 219 pounds/hour (0.0276 kg/s), and

20 a coefficient of performance (COP) of 3.7. The refrl- |
gerant is R-12.. The coefficient of performance is cal-
culated by diVidlng the heat delivered to the condenser
by the-compressor.load. In the Table, "Evap. Heat" is
the heat extracted from the vapors by the evaporator

25 coil, and the "Cond. Rate" is the conden51ng rate of

' the condensate., o
CONPARA IVE EXAMPLE
Us1ng an. apparatus and procedure 1dent1cal to
that descrlbed in Example 1 except that a heat exchanger -
30 is placed in line 46 between compressor 22 and condenser
; 14 and aux111ary c01l 24 is not operated, there is
obtained a heat input to the condenser of 10,641 BTU/
| hour (3116W)4'a distillation rate-of 169 pdunds/hour
(0.0213 kg/s) and a coefflclent of performance of 2. 84.
35 By comparlson, it ¢an be seen that anmple 1 provides an

‘increase of 30% in the coeff1c1ent of performance at no
increase in energy consumed.




|ncrease I n ener gy consuned. -13- EXAMPLES 2-5 Using the apparatus of{
t he dramnng “which is described in detail above, and using the condition
shown"in the Table, runs are conducted using four other degreasing

sol vents. “The results are shown in the 5 _yJable. These results show that
R-Il is the nost energy efficient of the degream ng solvents tested. The
Conpar ati ve "Exanpl e shows 't hat an apo XaMp 2m3 accordance with the .

present |nvent|on when CUQIn@ath AppAr&BUHPHRI eielSd F i ng £ naiash egess

heat -from 10 g ys prior to.the refri ratloanU|d
reacku/ng t he. con e%gé‘%d ?esu??aslf %ﬁé}% %%s‘é%l”fﬁ) "fh%pc?’gqee =M an g
i ncrease in pouﬁﬂQW@etnhbn¢ T&ble, gﬂ@ﬁnﬁ%ﬂ GnnﬁuﬂﬁedﬁusxnukﬁuuneDther

recover ed. FUft@@éﬂ@é§1n§h§6§vé§tsas fﬁ%“féﬁﬁikéﬂ¥¥@fsﬁﬁbd NGl §ared
coefficient_15 per f or mance. . se inprovenenis are at no increase. in

energy constnedr2 '#l% deﬁ?%ﬁ%eFe§%"q\f‘l $fh°“l.’ Hehaft Kbl is e/ At easgy
degreaser. A mkffbcbesun@fde@eeds@teasumcwﬁﬁm wddtdde present

- invention may be constrUC'qu;‘gJ c°r16§'?££'£isvezolsxani;§' q%owdsegc serna e[é)g:%gﬁd sunp '

condensate from an evaporator C surfp
and so forth. |RNBRSTR AECHFER RCRABYL YT YEhEh cpRRARTIL app@fmm,amdlep'ﬂrms of

this inven- 25 paté®nwith Usefabpd £dt cONCHICE | vl T dd A IHA e E ek Ch
vapors are, collected putside a still, is useful for car- ryi out a.
chon car rhlct | EE FREF 19T EEOR AR SSbRE Lo che AR AT ST

degr easi ng pur pbbesd BOadbing the condenser, results in an increased
boil_up rate and an increase in pounds perjhour (kilo-
gram per second) of condensate recovered. Furthermore,
_ there is, as mentioned above, an increased coefficient
15 . of performance. These improvements are at no increase
. in energy consumed. ' '
The degreaser shown in the draw1ng 1s a vapor-
only degreaser. A mu;tlple sump degreaser in accordance
“with the present invention may be constructed. 1In this
20 type of degfeaser, the condensate'from an evaporator
coil in a first sump 1s fed to a second sump, and so
'forth. _
INDUSTRIAL APPLICABILITY
" The novel apparatus and process of this inven-

25 tion is useful for conducting a distillation in which
~ vapors are collected outside a still, is useful for car--
ryi-ng' out a chemical reaction under reflux conditions,
and is useful fof vapor degreasing purposes. '

30

35



Boi l i ng- Boi | i ng Poi nt ~ Poi nt Exanpl e Sol vent [err]

coP. 1 A 117.6 (47.6) *3.70 5
B~ . 115.7 - (46. 5) . 4.093 C.

. (44.5) '3.58 4 ' 97.7 . (36. 3)
4.47 5 E ' 74.9 (2§ 5.69 R 12 R 12
~ Cond. Cond. Fl ow - Flow - 4~Heat _ Heat 10 Exanple._
" Lbs./Hr. - Kg. . . BTU/ Hr. 1TABLE 233 (293.6) :
13, 833 (4051.3) 2 © 263 Boi1imadl 4Boi1ihd 742 (4610.4) 3

222 - (279.7) . 13,654 (399@°gh p°1§ ?  -(298.6) &J

15, 249 (446Gxkpl®  Solvent 23% 0g293. 6) cb@ 52ae
(4548.1) Evap. . Evap. Co CUQQ‘Hgat at
Rate -~  Rate éxanpl BfLVHr 17 6. (47.8) ps, /ﬁr7° Kg. 1
10, 641 5 (3126.5)  ° 'BI69" 116232 9) 2(46.5)12,102.09
. (3544.4) . - 15 | (19 3) 20 0 - 3075.2)
133 (167. 6)%4 88 : llgééog 5) . §9115 3.58 (144.9) 5
13,045 (3840. 6) - D168 90271.7) Cé@Br3)  Codpd? BUR
BUR @ - Load 5 = Load 2 Exanpl g4,9Lbs./Hia3 Kg.g9 =~
BTUH. 1 ° 219 . RrR-12 (279.9R-12 3739 c°n61095 1) cénd. 197
(248.2) . 3849 (112713w 3 Flbw3g,, . Heat(217.9) Heat 3816
- (1117.6) 40  Example bs.gnr (185 Ry. /HrsNGﬂlBTU/H& 999. KABEr Wi 5
200 _ (251,9) 37 898) ¢|he vgRts us €
follows: Ais tri- chlorotrlfluoroet agé Fl 113 5 §55 n?gzggfﬁgpe of
- 2 263 (331.4) 42 (4610.4)
3 222 (279.7) 13,554 (3998.9)
4 237 (298.6) 15,249 (4466.1)
15 5 233 © (293.6) ' 15,529 (4548.1)
.Evap. . Evap. - Cond Cond
Heat . .Heat Rate ' Rate
Example BTU/Hr. = RifieWo®- Lbs./Hr. Rg./Beda xeo?
1 10,641 (3116.5) 169 (212.9)
2 12,102 (3544.4) 151 ° (190.3)
20 3 10,500  (3075.2) 133 . (167.6)
4 11,983 (3509.5) C115 0 (144.9)
5 13,045 - (3820.6) = 168 = (211.7)
R o ~ Compr.  Compr.
o _ - BUR ~ BUR Load . Load
25 Example Lbs./Hr._'. : Kg. /J-I-L-f‘t- X3 BTU/Hr. W
1 219 (279.9) 3739 . (1095.1)
2 197 (248.2) 3849  (1127.3)
3 173 (217.9) - 3816  (1117.6)
4 147 (185.2) 3412 ( 999.3)
30 5 200 o (251.9) 2727 ( 798.7)

e;The solvents used are as follows: A is tri-
chlorotflfluoroethane (R-113), B is an azeotrope of
R-113 and_lsopropanol, C is an azeotrope of R-113,
ethanol, isoptopanol'and'hitromethane; D is an azeo-
35 trope of R-113 and methylene chloride, and E is tri-
' chlorofluoromethane (R-ll). :

-



$%113 and isopropanol, Cis an azeotrope of R 113, et hanol , i sopropanol ané}fﬁ/
n|tronethane Dis an azeo- 35 - .trope of R-113 and nethylene chloride, an

g is tri--chlorofluoromethane (R11). - 15 - CLAIMS 1. Apparatus for
- Vapori zing a I|qU|d and condensi ng the vapors thereof;, conprisirg-a stil

for containing-a I'iquid to be vaporized and a cl n system
to utilize heat of conpression for vaporizing tt’m’"’mlmﬁm BEIE
refrigeration 'system conprising a conpressor, a condensernins .
be im-heat transfer relationship with- |I§UId to be vapori zed in the st|I
and p evaporator coil, provided in-theass y at a location to forma maihn
‘cooling coil to condense vapor whi ch- en -evaporated 10 fromliquid
heated by the condenser, neans being provided for preventing excess heat
‘building up in the apparatus duri-ng use thereof through the supply of

energy. to operate the cappressas, £68i daperdsifgra pliyeid iagl heaiddnsirg up

conpri-sing an auxiliary cooling coil provided 15 in the still at a
"l ocation beneathet raperapthateof ¢otdomprisimg & patsi 1l dion canhaiadingvapor
rising up the still,. a tenperature sensor, and neans for autonatically

controlling the ﬂhqu&dfteobﬁaﬁep@hxeﬁﬁha@%tﬁ ekpaed Hsfi@ntatdpigystem
responsive to said sensor. 20 éf ar tus accordin Hfb l.ai m é%
wherein a trou§R P§le69|B§Ethfh??F?¥E§ $h 9§nvﬁﬁﬂq¥ﬁﬁ9éif ﬁ

vapors, the trougg belng gos tioned at a_|evel beneat (#g% ligry

cool ing coi b b§R1GpBGETER regﬁ8§n§¥ﬁ S oFPMRLH AL  SEHIEC Vagor s whi ch
have CondensedcgkégbgethfnzgalatstiliOtorﬁgnyﬁjhéigﬁfgiﬁgﬁer relationship

with liquid to be.vaporized in the stiil and an evaporator
coil, prov1ded in the still at a ‘location to’ form a main
coollng c011 to condense vapor which has been evaporated
19. from liquid heated_by the condenser, means_belng provided
.for_preventing_excessIheat building up in the apparatus
during use thereof through the'supply of energy to
operate_the compressor, . said means for preventing
heat build up comprising an auxiliary cooling coillprovided
15 in the.still at a location beneathlthe evaporator coil but
in a position to contact vapor rising-up the still, a
_temperature.sensor; and means for automatica;ly controlling
. the flow of coolant through_said auxiliary cooling ooil
-re5ponsive to Said'sensor, _ _
20 2. Apparatus accordiné to elaim 1, wherein a troqghr
. is provided within the still.for collecting condensed
vapors, the trough belng p051tloned at a level beneath
the aux111ary coollng coil but: above the condensing coll
such as to collect vapors which have condensed within the

25 still for removal therefrom.



5;2 3. Apparatus.according to cIa|n11 or 2, wherein the sensor is a
perature sensor located within the still to sense t he tenperature ef
agpgor at a level in the still whereby the tenp er ature—at—such evel can he
y controlled by control of flowof coolant throu coil. 4.

Appar at-.us according to claim1l or 2, wherein the !“‘gﬁ‘ ““‘\mmerature

sensor | ocated downstreamfromthe evaporator €o erweﬁrlgeratlon

- systemto. 10 respond to the tenperature of working fluid passing fromthe

evaporator coil. 5. A process of vaperl&ing a liquid and condensing. the.

. vapors thereof wherein heat of conpression is used for vaporizing the ~w
| i quid, such procéss &ppariadiusgassosdaggliso gladmkingrf Pui whehedngh a

" cl osed refrlgeratlon systemincl uding a condenser located within a stil
contai ning a PFqéFBssélnﬁ 9aESWP2§Et“¥ﬁe5%BﬁG§n%@?aﬁeﬁn@thlme%he transfer

raﬁ'g o ne L aEinL kg Fﬁagso?hfa‘ée%%% Rtenef vandt Zé’v!éf]ﬂ@e%fp'{‘rhé“gt o
System <o asha BElRT KRSy L8, %ﬁﬁé%@@%hg‘is%%@ﬁ% L et el
cool i ng ugdegohBeseeBar B eénerafnafrfiaf,eofeggei%%?n %h'thé’r the

refrigeration system the additional cooling by neans of an '
auxiliary coahxmglggylcbgmated in the still beneath the evaporator coi |l but
- above the level of liquid in the still, the flow of cool ant through . - 17
- the auxiliary ceollAppamatubeaugoadlnqatocelaymcbnbf02Ledheﬁei@Sponse to
changes in the - . sensed by the sensor to maintain a required |eve
of vapor in the sensor &s a ¢emp%cet@r@csem$bruﬂantﬂdudnihswmﬁnE|n the 5

condensed vagors are collected in a trough which is
rom the evaporator coil in the refrigeration system to

;0” respond_to the temperature of working fluid pa581ng from
. 'the evaporator coil.
. 5. 'A_proceSS'ofdvaporizing3a liquid and condensing
.the vapprs thereof wherein heat.of compression is nSed
“for vaporizing the liquid,lSuch process comprising passing'
15 a wcrking fluid_through a closed refrigeration system
including a COndenSerflocated within a still containing
a liquid being vaporiZed,'the'condenSer being in heat-
transfer relatlonshlp with the llquld, an evaporator c011
.also located in the st111 actlng as a main coollng c011
20 _to condense vapors rlslng up the still and a compressor,
and contrclllng the_removal 0f excess heat from the system.
so as to maintain thermal balance'in the system by |
additicnal'CQoling under the control of a'uamﬁiature sensor in
' the still’ or the refrlgeratlon system the addltlonal coollng
25 Dbeing done by means of an auxlllary cooling ‘coil located
in the still beneath the evaporator coil but above the

level of liquid in the still, the flow of coolant through



kocated mnthln the still beneath the auxiliary cooling coil. 7. A procesg ..
accordlng,to ‘¢lainm5 or 6, wherein the fIOM/of .coolin rough t he Y
&uxiliary cooling coil is controlled by a tenpl M@ﬂ sposed in.

the still 10 to sense changes in tenperature i e | evel of the

vapor in the still. 8. A process acgoffling to cIa|n15 or 6, wherein the
adjustnent to the flow of cooli.ng fluid-through the auxiliary cooling coi

i's in respothe hﬁxﬂliﬂf‘%%o@]&h@l@dﬂi‘ﬂ 1351:&@ AesHeatel d 1 Iy eedridaiaiair e of.
wor ki=ng fluid | eaving the evaporator coil ¢;_‘Qigugefrlgeratlon system 9.

A prﬁeess atnordspgnse tioychamges ih athe ; adebyi thed in the
still is a degreasing solvent. 10. A process according to claim?9,

wher ei n theSQDSGEgteamahgtabmv@nﬁeqmmmﬁdfiﬂwel|Qﬁﬂvﬁpnr|ﬁﬂ|hheoeﬂhaﬁs or
trichl orof | uoronet hane. 11. A vapori zing and .condensi ng appar at us '
constructed and arrﬁngedAtEr%%?%t%c%‘E%’f%t?%lcF %\ -rhoer Sxsim thejescr i bed

h f | I hg 25 d 12
A brocessSFoBaRBred: nabers: i affetfrion R P dE o
oot o) ! Loeel RS 06 SEREl BaseilA i SLEFaly A B UIAY 10

dr awi ngs.
7. A process accordlng to claim 5 or 6, wherein

the flow of cooling fluid through the auxiliary cooling coil

is controlled by a tenperature sensor disposed in the still
10 to sense changes in temperature indicafive of:the level of

the vapor in the still. | | |

8. A process according to claim 5 or 6, wherein
" the adjustment to the flow of cooling fluid through the
auxiliary cooling c011 is in response to a sensor positioned

15 to respond to, the temperature of working fluid 1eaving

the evaporator coil in the refrigeration system. |

9. A process according to'any'one.of claims 5 to"n
'8,_where the liquid in the still is a degreasing solvent.

10. A process according to claim 9, wherein the

20 degreaSing solvent comprises trichlorotrifluoroethane or
trichlorofluoromethane.

11. A vaporizing and condensing apparatus constructed
and arranged to operate substantially as hereinbefore |
desdribed with reference to and as illustrated in rhe

25 accompanying draw1ngs. .

12. A process of vapor121ng a liquid and conden51ng

the wvapors thereof substantially as hereinbefore described

with reference to the accompanying drawings.




