A VAPOR SPRAYER AND PROCESS FOR PROVI DI NG A VOLATI LE FLUID AS A VAPOR SPRAY
Technlcal Field This invention relates to a novel apparatus and process % og

'ﬁ%.kground Art Heat generation of vapor spray is known. -Il- lustrative of
F@ 0,063 to Bok, 10 et al. The Ofeldt pat ent shows an apparatus for
géner- ating a spray in which the fluid to be sprayed is passed through a
heating coil 4. Heat is provided to the heat- ing coil using a fire pot.
The vapor sprayer of Bok includes an easily transportable reservoir having
elec- 15 trjcal heating nmeans provided within the reservoir. The
el ectrical heating nmeans is imersed directly into the fluid to be
‘'vaporized. This prior art and the other prior art of which we are aware
.fails to provide an apparatus and 20 rocess for generating a vapor spray
froma volatile fluid that heats the vqfatile fluid within a heat exchanger
in which the fluid is exterior to a heating elenent, that i's capabl e of
produci ng a conti nuous vapor spray, that nodul ates flow of the fluid prior
to entry 25 thereof into the heat exchanger whereby a selected pressure

i s mai ntai ned downstream from a punp dramnng the fluid froma reservoir,
and that controls the vel o-

A VAPOR SPEAYER AND PROCESS FOR
-‘ PROVIDING A VOLATILE FLUID AS A VAPOR SPRAY

Technlcal Field

This invention relates to a novel apparatus
and process for providing a volatile fluid as a vapor
spray and specifically relates to the use of a less

5 aggressive solvent for solvent cleaning applications.
' Background Art

Heat generation of vapor spray is known. Il-
lustrative of this type of prior art are U.S. Patent
2,128,263 to Ofeldt and U.S. Patent 2,790,063 to Bok,

10 et al. The Ofeldt patent shows an apparatus for gener-
atiﬁg a spray in which the fluid to be sprayed is passed
through a heating coil 4. Heat is provided to the heat-
ing coil using a fire pot. The vapor sprayer of Bok
includes an easily transportable reservoir having elec-

15 trical heating means provided within the reservoir. The
electrical heating means is immersed directly into the
fluid to be vaporized. '

This prior art and the other prior art of
which we are aware fails to orov1de an apparatus and

20 process for generating a vapor spray from a volatile
fluid that heats the volatile fluid within a heat
exchanger in which the fluid is exterior to a heating-
element, that is capable of producing a continuocus vapor
spray, -that modulates flow of the fluid prior to entry

25 thereof into the heat exchanger whereby a selected
pressure is maintained downstream from a pump-drawing

the fluid from a reservoir, and that controls the velo-

providing a volatile fluid as a vapor spray and specifigal to the #-
Gse of a less 5 aggressive solvent for sol vent cIeanéﬁ@DgéKtF%Z%?én

type of prior art are U S. Patent 2,128,263 to Ofeldt and U S. Patent {



- 2- city of the streamof fluid as it enters the heat exchanger so as to
ensur# that‘the‘fluid Is at a selected tenperature when discharged fromth
:Meat... exchanger. Disclosure of the Invention 5 It is accordingl
onefoblect of the present invention to _prpvide a novel apparatus and
-process that heats the volatile fluid witthin a heat exchanger in which the
volatile fluid is exterior to.a heating element and that is capabl e of
produ€i ng a continuous vapor spray. 10 A further object of the
present | nven&i@;fn o5 {Ke HNEAE o ARIY AlsUS taRG tRreCehe Bbathexchipgekhat
nodul ates flow of the fluid prior to entry thereof into the heat exchanger
wher eby a selsctasl s eassure i thamitieniflad ddensitr @ameflleeted penpedatvreg
the fluid froma reservoir; 15 and that controls the velocity of the stream
of fluid as iwhemtdischamgdrkdiranxdihendwats @xchanger.is ensured that the
fluid is at a selected tenperature when discharged fromthe heat exchanger
Accordi ng to BhEckesirg of the Inwankiom there is 20 provided a vapor

sSprayer conprising a reseryvoir adapteq to contain. a volatile [iquid; a punp
for drawiag the vol at i 15 135 AGFIHRALY PneebIesty Of, theaPreseRnger

- I ni h i -el d h h | il [ i i
o eat ot L omp e P & AAPIL hlvta! Sk Ol bEocklE Ena? fagts
being in heatgfd Wféaéihféali‘;]di@_ ik i D R %%h%gi@gnqnsehgchemng

element as it passes throu sai d heat exchanger, s punp bel ng situated
between and iyolatile fluid is exterior to .a heating element and that is

capablé'of producing a continuous vapor spray.

10 - A further object of the present invention is to
provide an apparatus and process of this type that modulates
flow of the fluid prior to entry thereof into the heat

. exchange: whereby a seleqtea'pressure is maintained
dowﬁstream from a pump drawing the fluid from a reservoir,

15 and that controls the velocity of the stream of fluid as it
enters the heat exchanger so that it is ensﬁred that the
fluid is at a selectéd temperature when discharged from the
heat exchanger. -

According to one as?ect of the invention there is

20 pfovided a vapor sﬁraye: comprising a reServoirladapted to
contain a volatile-liquid; a pump for drawing the volatile
liguid from said reservoir; a heat exchanger containing a
heating element adapted to heat the volatile liquid to a
selected temperature just below its boiling point, the

25 .volatile liqguid being in heat-transfer relationship with‘and
surrounding'said héating element as it paéses through said
heat exchanger, said pump being situated between and in
liquid cgonnection with said reservoir and said heat

exchanger,



'quﬁp connection with said reservoir and said heat exchanger, °~ -3- said
ting el enent having heat output-control neans; a discharge val ve for ®
charging the heated liquid fromsaid heat exchanger, said discharge

one Sﬁﬁozzle and being adapted to discharge the liquid supplied thereto as

a vapor spray; and a tenperature sensor positioned to sense the tenperature@;;

of heated liquid, said heat output control neans being operated by said
tenperature sensor to ensure that he liquid supplied to the nozzle in use
of the 10 sprayer is_ at said selected tenperature so as to be sprayed as a
vapor at at#dighbratipresdement) RayieeMead MHPUY IROHERL MRIRFYR i s

di mensi oned3qgscRsSrhe aLve Ford@iidchadyithd MY iHedtud Uthqdd Chrdesaid -
volatile Ii Ulg gasigs as |t-u%t%3§t d, and the 15, discharge valve is an
adj ust abl e ¥&RGe® NEPSvi §8L 5 i"?ﬁgfr FaHvs RfP%n LY ed pressure
to the nozztennéotdont wdtheshdd et tehehangay iand nveltdt est t hessie home vapor

sprayer erej h eat .exc r. 4 s..di ' d as: {0 €

st orage %ﬂaﬁ%é?l%ognahgg\%g‘éa??%g%leldqﬁﬁod d%ﬂ \ﬂ%geei n %?ﬁ’é@téé@ﬁiﬁger
contai ns a thefetpoasphavertsr spreyadiang @ dempexatprarsensenepdsiuianed
stream as if.€e : id 4 h L 2XC ; ' i if £ 14 O tie. bei at ed
o oxi mat o th TaRes SheC HRARer R I N e ATy g Tele Pend

i s subst ant F@RFFOdi RPARShER1Rg cperafed Ry said temperature sensor to

ensure that the liquid supplied to the nozzle in use of the

10 sprayer is at said selected teﬁperature so as to be éprayed
as a vapor at atmospheric pressure.

' In one embodiment, the heat exchanger is.
dimensioned so as to serve primarily as a conduit through
which the volatile liquid passes as it is heatéd, and the

15 discharge valve is an adjustable valve that provides the
discharged liquid at é_selédted pressure to the nozzle.

In another embodiment the invention relates.to such
- a vapor sprayer wherein the heat exchanger is dimensioned so ..
as to serve &s a storage chamber for the volatile liquid:

20 wherein Said'heat exchanger contains a diffusion plate for-
spreading over a large area, the liquid stream as it enters
said heat exchanger, said diffusion plate being located '
proximate the incoming stream, whereby the velocity of said
incoming stream is substantially diminished so that mixing

25 1is reduced; wherein said temperaturé sensof is located in
said heat exchanger storage chamber; wherein said heat
“exchanger is positioned so that said diffusion plate is
situated in a lower region thereof; a valve is provided for
‘modulating the flow of the liquid drawn by said pump

30 through a bypass line connecting said pump and said
reserVoir, thefeby~maintaining a Seledtéd pressﬁre downstream

- from said pump: and wherein said discharge valve is cépable
of being set either in an open'position or a cldsed'
position. : SR - R

35 - In the latter embodiment, the vapor'spréyer further

stream.

" -
| ve_being in liquid connection with said heat exchanger and with at | east




®25 is reduced; wherein sai d tenperature sensor is |located in said heat ),
chafger st'orage chamber; wherein said heat exchanger is positioned so 2
";u said diffusion plate is situated in a |ower region thereof;, a valv S
prOVIded for modul ating the flow of the liquid drawn by said punp 30
-throu a bypass line connecting said punp and said reservoir, thereby
agﬁrng a sel ected pressure downstseamfrom said punp; and wherein said
scharge val ve is_capabl e of being set either in an open position or a
cl osed positiigielwies a pressurerierponsiee wabvei Heat medulabesr £ipwagsr
further I ncludes a pressure-responsive val ve that nDduIates fl ow of
liquid drawn iAWt Fmm Wo’i}&h REMR Haequeh 2 BYrRagsi hineneopuaptang t he

bunp. " The. di 3&5%@”&' A e s hoiereoY égégﬁs“%iéﬁﬁgmﬁfeég s
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@ i quid, sai i r
reservoir asga 0 con %rlié {% r'd% f&’é‘%‘e’l}%ﬁ S?LI%%' eL %g]r? %pSfl t he
sdrawn |iquid ft{gﬁi gﬁ?g {? g a heating elenent havi ng heat
out put contr nmeans |tse f-contr ed by a tenperature sensor positioned

to sense the tenperat Yufsed | Sthdb05E eghé NiseeRe ISAt féGJﬂé&Seé bsakkag
.15 the volatile liquid within said heat exchanger to a sel ected gnperature
j ust belOWltdfkgéﬂéﬁHtiﬂgrﬁ VAPEr spray from a volatile liquid, said
process comprlslng drawing a volatile llquld from a
10 reservoir adapted to contaln the liquid; pa551ng at least a
portion of the drawn liquid to a heat exchanger containing
a heating element having heat output control means itself
= controlled by a temperature sensor positioned to sense the
| .temperature of liquid heated in said heat exchanger: heating
i5 the volatile llquld within said heat exchanger to a
- selected temperature Just below its b0111ng p01nt, the
volatile liquid being in heat-transfer relatlonshlp with
and surtounding said heating element; dischargihg the
heated liquid at said seiected temperature from.said heat
20 ekchanger and throtgh a diseharge vaive:.and delivering the
liquid at'said'selectedItemperature-to-at:least one-nozzle
from which it is discharged as a vapor spray.
| Reference is hereby made to the accompanying
drawiag which forms a part qf'the specification of this
25 application. .
' Figure 1 depicte.an embodiment of the present
invention partieularly suitable for continuous flo&

japplications: and

Figure 2 depicts an embodiment of the present



\dlle liquid being in heat-transfer relationship w th and surroundi ng
heating el ement; discharging the heated |iquid at said sel ect'ed ®

vering the liquid at said selected tenperature to at |east one nozzle
fromwhich it is discharged as a vapor spray. Reference is hereby made to

t he acconpanyi ng drawi ng which forns a part of the specification of this 25
appl fcation. Figure 1 depicts an enbodi ment of the present invention
partjcularly suitable for continuous flow gpplications; and Figure 2

depi cts an enbodi nent of the present I nvention useful for either :
|ntern1ttent1oweo@npnnu§e§uﬂl6mmaeptheatLohermixtnnmkmha¢qntxnuqqarﬁjdin
the Invention As expl ained above, in accordance with the 5 i nventi on,
there is pro@P@ddcationsl vapor sprayer and process for provi ding a

vol atile |qu_d as, a .1 S used for solvent

cl eani ng app x residue from P/ C board

assenblies or of paate gegkﬁgg%é ﬁnggg &Ié ¢§gé%né%:u&éﬁuédcular

advant age of the |nven Ion € vapor spray to be forned
froma | gss 3G9LatIbUe %ﬁle\fen&ssiasbv@aeéracl%aépt&a{»éyog &kweanaThe
appar atus and process, as explained in detail bel ow, provi he vapor

Ep{ay by heapiregekbe foel prblreédihygi 8 VOULEL Dé EBERUEA s da AP ApHasyJ USt
el ow

The vapor spray is used for solvent cleaning applications
 such as removal of_solder flux residue from P/C board
'assemblies_or of paste tesidue_from hybrid circuits. A
10 particular advantage of the invention,is_that it enables the
vapor spray to be formed from a less aggressive solvent such
as trichlorottifluoroethane. The apparatus and process, as
explained in_detail below, provide the vapor spray by heatino
the volatile flnid under pressure to a temperature just below
15 its boiling point prior to discharge from a heat exchanger.
| The invention will now be described with reference
to the embodiment shown in Figure 1 of the drawing. This
embodiment is particularly suitable for continuous flow
applications, and ie especially deeigned to operate at steady
20 ‘state with a constant fluid flow rate and a constant heat
output by the heatlng element thereof. In this embodlment,fa
vapor sprayer in accordance w1th the invention inclndes a
reservoir;'a pump, a heat exchanger,'a diecharge valve and at
least one.nozile'for delivering the discharged fluid as a
25 vapor spray. | |
In vapor. degrea51ng, a degreasing solvent is used

to remove contamlnants such as 1ubr1cants from work pieces.

per at ur e fromsaid heat 20 exchanger and through a discharge valve; and L

®
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915 its boiling point prior to discharge froma heat exchanger. The
i nvent® on wi'l | now be described -with reference to the enbodi nent shown in
I#gure 1 of the drawing..This enbodinent is particularly suitable for
contlnuous fIOM/appllcatlons and is especially designed to operate at
‘steady 20 state with a constant fluid flow rate and a constant heat out put
by:the healing el enent thereof. In this enbodi ment, a vapor sprayer in
éﬁbordance with the invention includes a reservoir, a punp, a heat
exchanger a di scharge val ve and at | east gone nozzle for delivering the
di scharged fluid as a 25 vapor spray. In vapor degreasing, a degreasing
solvent is used to renove contam nants such as |ubricants from work pieces.
The ‘degreasing solvent is vaporized in a still, condensed and renoved from
the still duriTRf tIRInRasdags solxenssdsyurpor i nedchoralakid ly tctprtde@sed and

i nvention, contalns volat%Ie Ilggld and may be a degreaser sunp or
distilled sol FEHICYEHRPH (theastd Il gugipg: Ele JpFReess he ‘prrees'iﬁft"qlﬁfveﬁﬂ on

has broad I d.th
"exanpl e, afiovaﬁée%afd&%g%r HsH R S anB R B R Y da daddiy e

«bet ween the ransy Wi fa Addraaledt sGxphBRIST 5 hJ@ﬁ% Pt &{]@ai& 1Y ég)rQ,V\iQJ at|

liquid fromthe reservoir and feeds it to t anger. enlen

‘the punp i3 a itRiiiddtedgalbopenptae bpateds CAVESEIGRMAY WIHE Jo1vepaSeS,
t he punp output decreases. Alternatively, the punp could be a positive

di spl acenent miganingvered icatienpesahdvehei spsarenbntcquld) for example,
also be a separate tank.

The pump is conventional, and is situated between
the reservoir and a heat exchanger. The pump draws the

10 volatile liguid from the reservoir and feeds it to the heat
exchanger. Conveniently, the pump is a centrifugal pump so
that as doﬁnstream pressure increases,_the pump 6utput
decreases. Alternatively, the pump could be a positive
displacement pump. However, if a positive displacement pump

15 were used, then the vapor sprayer should be modified to
include a by-pass line and a p:essure—respohsive valve of the

" type described below with regard -to Figure 2. Although the
Figure 1 embodiment could be modified to include the bypass
line and pressure-responsive valve when the centrifugal pump

20_ is used, no substantial advantage is.gEined;

The heatlexchanger of this embodiment is
dimensioned so as to eerve primarily as a conduit through
which the.volatile liquid passes as it is heated. Suitably,
a tube is used as the heat exchanger. The heat exchanger

25 contains a heatlng element adapted to heat the volatile

liguid to a selected temperature just below its boiling

(s
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were used, then the vapor sprayer should be nodi fied to include a .
pass | ine and a pressure-responsive valve of the type described bel o#

to |nclude the bypass line and pressure-responsive val ve when t he
centrifugal punp 20 is used, no substantial advantage is gai ned. The heat
exchanger of this enbodinment is dinmensioned so as to serve primarily as a b~
conduit through which the volatile liguid passes as it is heated. Suitably, ™
a tube is used as the heat exchanger. The heat exchanger 25 contains a
heati ng el empotin&dapThe volhedlethbquddals| inl|heptcctansfear|mdiatdonship
tenperature just belowits boiling -7- point. The volatile liquidis in
heat - t r ansf eWitdl andorgkepiort Roakbiecheating ebendnt Mmtinpadsmrerith ragh
passes through the heat exchan er. The heating el enent conveniently is a
pi pe t hr ough™hHfi BR2L RSE FPE?H'sughe §e§ﬁtﬁﬁn%ﬁgmﬂﬂtvﬁﬁ%¥34¥$¥§ 1Y gésed or
Is an el ectr| e ng, e nt.fungtions to rais the I.nconi ng
liquid to a ?qﬁ%era gnjﬁE? %e oa/lt %b?|?$] [ﬂﬁrﬁt?ﬁW(ﬁrt " rd@
fromthesheabaeégtaaegeas dhee saerﬁet 91107 e HEALIAY AR dunciichdl v

controll ed by using a valve when t eating ement 1S t e pi pe and by 10

using a rheogbatrawlenthBeineshing ELEEEM b Sa tévnpd epldrid fid bellesy haat ed

liquid is discharged fromthe heat exchanger through a discharge valve. In
this enbodi mbotiliny pelptepetoedtcb h@iséﬂswrg/alﬁ/ﬁom st m&wﬁ:ﬁdﬁa&lg\ea-l ve. The
valve The heat output of the heatlng element is su1tably controlled
by using a valve-when the heating element is the pipe and by
10. usino a rheostat when the heating element is the electric
coil. | _ .
‘The.heated licuid is discharged from the_heat-
ekchanger through a discharge valve. 1In this embodiment, it
is preferred ‘that the valve is an adjustable valve. The valve
15 is set to provide the dlscharged 11qu1d at a selected
pressure to the nozzle. The heated fluid is at the selected
'temperature when discharged.from the heat exchanger. The '
nozzle delivers the discharged fluid as a vapor spray. As
indicated above, one or more nozzleslare used.
20 The ad]ustable valve and the nozzle combine to
control the liquid flow rate. Once the valve has been
adjusted to provide a desired pressure and the approprlatel
nozzle or nozzles have been selected or adjusted, the flow
rate will be constant. Then,_the heat output of the heatlng
‘25 'element is set so that the temperature of the solvent

d1scharged from the heat exchanger is at a selected

temperature just below its boil1ng 901nt. As a result, the

th régard to Figure 2. Al'though the Figure 1 enbodi ment coul d be nodlfled *.



#15 is set to provide the discharged liquid at a selected pressure to the
no;zhél The ‘heated fluid is at the sel ected tenperature when discharged
om‘the heat exchanger. The nozzle delivers the discharged fluid as a

vapor spray. As indicated above, one or nore nozzles are used. 20

‘The adj ustabl e val ve and the nozzle conbine to control the liquid flow
-r-ate. (Ohce the valve has been adjusted to provide a desired pressure and
tte appropriate nozzle or nozzles have b§en sel ected or adjusted, the flow
rate will be constant. Then, the heat™output of the heating 25 element is

h h h Ly d d
oxchanger | s ATARCEOTRETERT (Brbbr SPeratf i Borbararoshet ko pabdice

ot e st rESRELHEREL SPLKR! o Jrggafrgﬁaggraﬁt ggdyo%t 8bE-sp Pr OV de a

conti nuous st r&HE vapor spra under st t the

tenperature Ofuﬁ&&étga%dtﬂaewehye %Qfaﬁeesrw EnBUSE qheERiER aGANSHRRL - 5

The vapor sprayer Inc a tenperatture control device such as a

ot hernost at . Thehd ePPSEALY{ L ROSE! PEmAEN| 68nkHARELONS tO ensure that the
heated liquid i1s discharged at the selected tenperature by operating the

wdevi ce contrglling outpré Papbhespeavepgintiaaat hotbfseratugel Gontsaunt .
any fluctuations in flowrate. Preferably, the vapor sprayer includes a

pressure gaugedéeieéesucdhvast actheimosthbe dTfhehsegpevakuee Contenileddwice
the pressure gauge is located at the nozzle,
functlons to ensure that the heated liquid is discharged at
the selected temperature by operatlng the device
éoﬁtrolling output of the heating element to take into
10 account any fluctuations in flow rate.

Preferably, the vapor sprayer includes a pressure

]

gauge located downstream from the dlscharge valve. _
COnvenlently, the pressure gauge is located at the nozzle,
as a result of which the pressure measured is at the

15 nozzle.

| As can be seen from the above description, the

vapor'sprayer heats the volatile liquid to a temperature
Just below 1ts b0111ng point and delivers the heated liquid
at a selected pressure to the nozzle. The fluid is then

20 discharged through the nozzle as a vapor spray.

A process for providing a volatile liquid as a
vapor.epray‘using.the apparatus of-Figure 1, will now be
described. In the first step of the process a volatile .
liquid is drawn from the reservoir. In the next step, the

25 drawn liquid is passed to the heéat exchanger. In the
third step, the liquid stream.is heated within the heat

exchanger to a selected temperature just below its

e



a-result of which the pressure nmeasured is at the 15 nozzle. As can be .
N fromthe above description, the vapor sprayer heats the volatile ®
duid to a tenperature just belowits boiling point and delivers the 9.
cated liquid at a selected pressure to the nozzle. The fluid is then 20

di scifaiged through the nozzle as a vapgr.spray. A process for providing a
volatile liquid as a vapor spray using-the apparatus of Figure 1, mﬁll-nomﬁiJf
be describgg,;, { tﬁtﬁiﬁUStnéffﬂgO{:hibehaéesa s stepq! dhid &olldtguigl is drawn ™
fromthe réservoiT.  In the next step, the 25 drawn liquid i s passed to the

heat excha uid Nid hen thids€-eEsnRsreberblgutignshigamiich laedd ecktddiom tde

heat exchangel to a selected tenperature just belowits -9- boiling

poi nt. Durgyw réusiheadlagenteponthtned wiiithdnl ithe heat iexdismgar.ansfer
relationship with and exterior to the heating el ement contained within the

heat exchanger. - In t hennthké sésp, sthp,hbhecbepted dimid dehaligahagedm

the heat exchanger. The heated liquid is at the selected tenperature when

di schar g&d.£rdm the heatheschpngene | Thei headede Liigmvidy ishrfudh® he nozzle ®
to becone a vapor spray to inpinge on _a work piece._ During operatjon of the
process thesekepbedt temperatutenvhedd disshagged neddttdte %‘i‘dﬁo FHP heat .

out put control device is regulated in response to the tenperature sensed.
Modi fi.cat i omei—hl%édp%ﬁc@§glf"§§ﬁpt t?‘b’ é‘i’teeﬁ‘(ozz e t°m’e°‘.’m¢_ a vapor

spray to impinge on a work piece. During operation of the

procees the temperature_of the heated liquid is measured end
10 the heat output control device is regulated in response to
the temperetufegsensed.

Modifications in the process result to.the extent
that.the modifications described above are made in the vapor
spray'ef Fiéure,l. Thus the pressure of the discharged

15 liguid can be measured.

The iﬁvention_will now be described with reference
to the embodiment shown in Figure 2 of the drawing. In this
embodiment, a vapor sprayer includes a reservoir, a pump, a
pressure-responsive valve for modulating flow of the drayn

| 20 ligquid through a bypass line and thereby.maintaining a
selected'pressure downstream frem the pump,. a heat_exchanger
containing a heating element, a discharge valve, and at least
one nozzle-for delivering the discharged liquid as a vapor

spray. This embodiment of the invention is suitable to
25'provide a ready reserve of ﬁot solvent for_uee on demand or
to provide a continuous flow of hot solvent.

The reservoir, the heating element,'and the nozzle

are'the same as that described above with reference to Figurel.



'ethat fhe nmodi fi cations described above are nmade in the vapor spray of
Fiqyna | . ‘Thus the pressure of. the discharged 15 liquid can be neasured.\ “_~
e i-Avention will now be described with reference to the enmbodi nent shown
in Figure .2 of the drawing. In this enbodi ment, a vapor sprayer includes a
‘reservoir, .a punp, a pressure-responsive valve for nodul ating flow of the
dgrawn 20 li-quid through a bypass line and thereby maintaining a sel ected
pressute downstream fromthe punp, a heat exchanger containing a heating
el enent, a discharge valve, and at |eastC18n& nozzle for delivering the
di scharged liguid as a yapor, spray. .This enbodi nent of .the.inventi.on is .
sui tabl e to-2§°BV60FﬁBtiYFeEH? PBéEr%é SFtﬁﬁf 8oFPBRENESPNRLe POF 1Ed¥End or
to provide a g¢ontinuous flow of hot solvent. The reservoir, heahin
el ement, and éﬁﬁphﬁffpgn&r8“Fﬁe°§aﬁ8n¥§"§ﬁ39a_e§8Pi5&5‘58&V§EQ'Fh ?%%%%%ﬁ%%
to Figure 1. 4 a$8n§tE€QMeEk8ﬂthe @EEePUBHr'Sa Ptﬁgrugs Q@%@ﬂ%&%&ﬁ%he
posi tive displacenent punp or conventronal ceftrifugal punp. e punp I's

~edownstream f r9EEEQErEeESEiSGEEiVQn@aﬁ%eUB?J:‘!r AW he@® LRRhAMYBTU' e THASRRIY Ve
val ve and t he heat exchanger. The punp 5 draws the volatile liquid from

ot he reseryoirgapgsf eRdsvblademesiigady FremPtBes te@et@oieNSinde fedldee it
nodul ates flow of the drawn liquid through a bypass |ine containing the

pressur e-respabghgereamve and connecting the punp and the 10 reservoir.
.I'n operation, once the vapor sprayer has reached '

: The pressure-responsive valve modulates flow of the
draﬁn liquid through a bypass line containing the
pressure-responsive valve and connecting the pump and.the

10 reservoir. 1In oyefation; once the vapor sprayer has reached
the steady stéte; in the event-there is no demand for the
e - vapor spray, the pfessurefrésponsive valve returns all the
dfawn solvent to the reservoir. The pressure-iesponsive
valve operates by-opening or closing in response to the
15 pressure downstream from the pump. It is particularly
preferable to use a slightly oversized pump in combination
with the'pressure—:esponsive valve sincé it is possible to
provide a censtant pressure at the_nozzle over a broad range
of flow rates. A fur;hei advantage of the
20 pressure-responsive valve is that it prevents heat build up
when tﬁere is not any demand for the vapor spray.
The vapor sprayer of this embodiment could be
modified to remove the pressure-responsive valve and the
bypass line and to add a'pressure-regulating valve betwgén

25 the pump and the heat exchanger. However, in this case, it

would be necessary to use a centrifugal pump.



Ne steady state, in the event there is no demand for the vapor spray, the .

essure-responsive valve returns all the drawn solvent to the reservoi i®

Ae pressure-responsive val ve operates by opening or closing in response to LE
the' 15 pressure downstream fromthe punp. It is particularly preferable to
use a slightly oversized punp in conbination with the pressure-responsive
val ve since it i's possible to provide_ajgonstant pressure at the nozzle:
over a broad range of flowrates. A further advantage of the 20
pressure-responsive valve is that it prevents heat build up when there is
not any demand for the vapor spray. The vapor sprayer of this enbodi nent
coul d be nophdisat OekeNBNGet hEspPEEMEREE ORRTP@BS ke tvdlserwrnaGd he
line and to add a pressure-regul ating val ve between 25 - the punp and the
heat exchangesmbetiofieyethei ttollAtilealéguid. woaThe heateeextaingd0 d@ttfins
centrifugal punp. - The heat exchanger is dinensioned so as to serve as a
st orage chaab®iffusioheplatat fbe Epgeadingfheveraia derigengareaortits ns a
diffusion plate for spreading, over a large area, the liquid streamas it-. ®
enters the higuid steeanaageit emphersi thesheatpl ate is | ocated proxi mte
the incomng stream . Use of the diffusion plate results in the velocity of e
the i ncdni rRxehaRger bei FiesAbEfuRiral Piadprnidi dR6ates Praximatandhst the
incomng cold liguid and of heated_|i uig,i reduceq and it i.s ensured that

the vol ati | HNGRMInG (EFEERR. of UaecoFotheq AL EbpaIEN, B 3t £ SRATHS (A WA || ng
point. when i 50031 9°ge f LRD 1H8oNERYL S¥ENARIBL1ng" BE R N 11y

diminisheé'so that mixing of the.ihcoming cold liquid and of
heated liguid is reduced and it is ensured thaf the.volatile

10 1liquid is at a selected temperature just below its boiling
point when diséhérged from the heat exchanger. .The_ﬁeat
exchanger is'pbsitionéd so that'the_diffugion plate is
located in a lower region thefeof._ As shbwn in the Figﬁre,
vertical positioning of the heat exchanger is preférable.

15 : The diffusion plate has dimensions that enaﬁle it
Ito fi£ shugly within the heat exchanger and has a
substénﬁially level surface that contains a plurality of
abertﬁres. 'fhe number énd size of the apertdrés is selected
to optimize spreading of the incominé stream{ The optimum

20 number and optimum diémeter depenés up;n.factors such as the
flow rate, which in turn depends upon the numbef of output
nozzles.. 3 suifable aperture éizé is in the rangé of about
1/16 of an indh (1.5mm).br siightly less. The diffusion
plate enables the heat ekchanget.to serve as a reservoir and

25 yet to be relatively small. Without the diffusion plate, the

heat exchanger would have to be of very large SiZQ in order



'exchanger is positioned so that the diffusion plate is located in a |ower
oﬁkthereof . As shown in the Figure, vertical positioning of the heat
changer is preferable. 15 - The diffusion plate has di mensions

that ..enable it to fit snugly within the heat exchanger and has a

substantially level surface that contains a plurality of apertures. The

ﬂnunber(ahd size of the apertures is selected to optim ze spreadi ng of the

iTfconi iy stream The optinum 20 nuiber. and opti num di aneter depends upon
~factors such as the flow rate, which?ri%tnn depends upon the nunber of

t put I A abl in i ' f ab 1/ 16 of
an Pnoh (1 SHGFE It &9 g igpaded B die it I&?éz‘é‘”@aﬁg&a? hEbRear
h t
W hout t he. GHaRGSh e Bih 2 xﬁéwgs# rof LG BLd S BRkhanaer.
I [ [ d gt I d
[ 2r g'? tSIhée-I gelotrac'?(rad terrpera?auéré(:aav&] %&%1 g%%:‘?%%gcﬁ?r% tﬁigﬁegﬁégéégng;?w
eThe heat od | iQuhiliicol SERAIgIP a4 O e lifal v EXFOANORRe | B URRr bBCYaLve

~discharge valve dlscharge valve 5 1 s" capabl e of being set either in
*an open pogy tiighre ﬁé'dﬁ%ﬂ@'éé@%lﬂﬁ@: heat &6 bpéanli fosstdbnt 62 sel ect ed
t enper at ure when di scharged fromthe heat exchanger. Thus, when spray is '
required, theldissdhaigeismdye IThonereteaTideidl iguad tRedsbiveted to the
nozzle. 10 The heat output control device is the sane as that
descri bed f orténiperatawnt®wthenhdiscieantged herdreatheuheat exchanger. Thus,

when spray is required, the discharge valve is opened and
hot liQuid is delivered to the nozzle.

10 The heat output control device is the same as that
'éescribed for the previous embodiment. The heat output

= control device is modulated by a temperature controlling
device such as a thermostat. The iemperature controlling
device is located within the heat exchénger,-preferably '

15 near the mid-line of the heat exchanger. When there is
not any demand for 5pray;.the temperature controllihg
device reduces the heat output of the heating element .
so that the heated liquid is_maiﬁtained at the selected
temperaﬁure. .

20 _ 'The pressure—responsive valve  and the nozzle
combine to control the liquid flow rate. As can be seen
from the description of the embodiment in Figﬁre 2, the vapor
sprayer thereof heats the volatile liquid to a selected
temperaturé just below its boiling point prior to discﬁarge

25 from the heat exchanger, and deliVers.the.heated liquid at a
selected pressure to the nozzlé.- The heated liquid then

exits the nozzle as a vapor spray to contact a work piecef



.C | .device is nodul ated by a tenperature controlling device such as a

t tat. The tenperature controtling device is |located within the hed .
exehanger, preferably 15 near the md-line of the heat exchanger. Wen
there is+not any denmand for spray, the tenperature controlling device
reduces t'he heat output of the heating elenment so that the heated liquid is
mai nt ai ned at the sel ected tenperature. 120- The -
pressure-responsi ve val ve and the nozzl e conbine to control the quuid flomﬁf"
rate. As can be seen Arppothesd€scr ppovddiag bheodsddieriiquid Rgwe 2,

t he vapor sprayer thereof heats the volatile liquid to a sel ected

t enper at ur evapst Spraw usingothengpperatugr ofr Figudies Ghamid R idw doe t he
heat exchanger, and delivers the heated |liquid_at a selected pressure to
the nozzl e.deseeibeds edIni ‘qbﬁdfﬂﬁéﬁ 8kePs eh¥olatile ddammidigs FHAWY to
contact a work piece i process for, providing_a volatile Ijquid
as a vapor %‘Tsﬁ’&yt}&%l F\@s?ﬁ‘{é° f)par 59u§h8f sFFQGPesfeP\M @At dspse ad&QFr‘HﬁH I n
the first st olatile |i

second 5t eqpPatof ey Snidnis PagRefnon Rt had, e RgRRed 1 THAS
nccompant s BhotiteRh “!éasg"’gﬁh f EBa BR 3 L3 g&%ﬂ.é%“c‘&%w“'d Z%ypass
e e b e, 1 SR eyt Wi Sl
t he preSSUFfEﬁ@SQGWﬁéaﬁlng the pump and the reservoir, whereby a-
selected pressure is maintained downstream from the pump.
10 Flow modulation is échieved using the pressure-responsive
| valve. In the third step, the liquid stre&m is impinged onto
the diffusion plate,'as-the stream enters the heat exchanger..
As a result, the'velocity of the incoming stream is -
substantially diminished sd that mixing is reduced, and it is .
15 ensured that the volatile liquid is at the selected .
temperature when dischérged from fhe heat exchahger.

In the fourth step, the volatile liquid is heated
within the heat exchahger to the selécted témperature.
During_this heatiﬁg step, the volatile liquid is in

‘20 heat-transfer relationshiv with and exterior to the heating
element. In the next steﬁ, the'ﬁeated liquid is discharged
from the heat exchanger through the discharge valve, which is
in the open poSition. The heated ligquid is at the_selected
temperaturg when discharged. In'thé next step, the

25 -discharged liguid is delivered as a vapor spray by the

nozzle.




svalve. In the third step, the liquid streamis inpinged onto the diffusiogwg
: plqueﬁﬁas the streamenters the -heat' exchanger. As a result, the vel oci

the incomng streamis substantially dimnished so that mxing is
. reduced, and it is 15 ensured-that the volatile liquid is at the selected
t enper at ure when di scharged fromthe heat exchanger. In the fourth step,
-the vo(alile liquid is heated within the heat exchanger to the sel ected
thperature. During this heating step,_t{p volatile liquidis in 20
heat-transfer relationship with and exterior to the heating elenent. In the

next step, the heated ligid GrooddsCREneded ob! beepost ALaEARARE I hrough

t he di scharge valve, which i's-1.n the open position. The heated liquid is at

the sel ect ed giiPEser Seube ot Ed A EaEea | FLENG WEKhiAt ERe hBAL2D
di scharged liquid is delivered as a vapor spray by the nozzle. -14- This

process i ncl usieshdrdgest£5d cdutamati ¢ally hrodeDlaeiagutheochehbeohepued fl uid
within the heat exchanger and automatically nodul ati ng the heat out put

&cont r ol.- devi csontrok sjpevibee t in t hespenper to uthestampdrature sensed.

- Modifications in the process result to the extent that the nodifications
sdescri bed dbove are maddodificatieperimpthgcproppasarasulthbo, ther extentl e
passing of the drawn liquid to the heat exchanger could be _nodul ated by a
pr essur e- r eguthat nthe me@ificakiens daseyibednabeve ayepmadsuis- thepyaPr¥e
-val ve and bypass |inée, provided t@gt thg . :

sprayer apparatus. us, for example passing of the drawn
liquid to the heat exchanger could be modulated by a
pressure-regulating valve, rather than by using the

10 pressure-responsive valve and bypass line, provided that the

pump were a centrifugal pump.

: : As noted above, a particular advantage of the

' present invention is that it enables the vapor spray to be
formed from a less aggressive solvent. By the term "less

15 aggressive solvent" is meant a solvent that is useless at
room temperature and useful when heated to a temperature
just below its boiling point, for various cleaning purposes
such as dissolving solder flux residue or removing paste
residue from hybria circuits during a conventional time-

20 restricted solvent spray and/or Vapor5pleaning sequence.
Exemplary less aggressive solvents are trichlorotri-
fluoroethane and mixtures thereof with lower alkyl alcohols
or ketones. By "lower alkyl" is meant that from 1 to -~
'about 4 carbon atoms are preseﬁt.

25 s The use of a less aggressive solvent for cleaning

purposes is desirable since this solvent is safer, more



@ were a centrifugal purfp. As noted above, a particular advant age of the
-pregent-invention is that it enables the vapor- spray to-be fornmed froma ¢

| @83 aygressive solvent. By the term "l ess 15 aggressive solvent" is neant 8.
a 'sol'vent that is useless at roomtenperature and useful when heated to a
tenperature just belowits boiling point, for various cl-eaning purposes
such, as di ssol ving sol der flux residue or renoving paste residue from S
hybrid circuits during a conventional _tijse-. 20 restricted sol vent spray >
and/ or vapor. cl eani ng sequence. Exenplary | ess aggressive solvents are

trichlorot réonéﬁée%@et Waps Pﬂﬁ_s'i!iiét 2uB% tirAee@Ofand tl@é@‘@fe@zk}’in@éﬁé)ﬁ@és
or ketones. y "lower alkyl" is neant that from1l to about carbon atons .

are present¢hgR the conventidonal@yousad ehdocad@aatsd ooy fHUt £lwdimng
purposes is desirable since this solvent is safer, nore - 15 - '
conpati bl e ottbopldngi chivbinnaeds saldendss arrevpryl atnisie/andaattaek
conventional ly used chlorinated solvents. Hot, warmor boiling chlorinated

sol vent s areleetyonéci substdagesackusioag distordilen roff @lastit material. ®
distortion of plastic material. 5 The use of chlorinated solvents has

been ne¥le pBkeiBee of ghdordnaledasolveptsy hagghestemady ReIRiRIe iBYtining
devices or by using rigid operatiqn procedures S0 as, to preven

oLk s £eng .
over exposurRI@Y i€ hRISHBBPF aFRE 2¥o deAE eASesS Wartdy R ety timing feviges

the use of a less a ressivg sol vent, elimnates 10 the nq?d for time or
cl eani ng moQe pgspﬁgggisﬁg} operation procedures so as to prevent

overexposure of the substrates to the'chlorinated solvents.
In contrast, the use of a less aggressive solvent eliminates
10 the need for time or cleaning mode restrictions.
Additionally, use of a less aggressive solvent results in
‘greater solvent conservation because hot solvent sprays.db
not cause the éollapse of a vapor blanket within a wapor
degreaser'aﬁd thus the chimney effect is reduced or
15 eliminated. 2
Reference is now made to Figure 1 of the drawing.
In this drawing, reservoir 10 cpntains a volatile 1iquid..
The volatile liquid is drawn from reservoir 103by pump 12
| thfough'line 14. The drawn fluid is' passed by iine 16 froﬁ
20 pump 12 to héat-exchanger 18, which'cqntainS’a heating
element 20. Heating elemént 20 has a valve 22 for |
controlling heat output;. The-heéted liguid is discharged
from heat exchanéer 18 through discharge vaive.24, which is
" an adjustable valve. The.diéch;fged ligquid is fed by iine 26
.25 to nozzle 28, through which it exits as a vapor spray. The
spray confacts work piece 30. Shown in phantom are pressure

gaﬁge S and thermostat T. The thermostat operates valve 22



e Additionally, use of a less aggressive solvent results in greater solvent
congervation because hot sol vent sprays .do not cause the collapse of a
-#pos-btanket within a vapor degreaser and thus the chimey effect is
reddced or, 15 el im nated. Reference is now made to Figure 1 of the drawi ng.
'In this draw ng, reservoir 10 contains a volatile liquid._The volatile
Eiquid is drawn fromreservoir | O by punp 12 through |ine 14. The drawn
f¥uid'is' passed by line 16 from20 punp,12 to heat exchanger 18, which
contains a heating el enent 20. Fbating‘%l%ﬂeﬁt 20 has a valve 22 for

trolling h .. _The heated Liguid. is, di sehar ged
exchanger 18 Kt hat e v e d b4 ot f SERBAee APV BPbected,
i dliguidis fed by [i | t hrough whi ch it
oxi s a8 a vipreRayre et BRLEV 05 BOUTEEE Sofle, 'S 7 LM T phantom

are pressure gauge S a%ﬁéﬁ?{fﬁﬂ Ysﬁ%tl?esg rﬁP%ﬁPé PP&EatRe gf‘é%‘i‘n&?

-16- to ensure that the he arged at a selecte

stenperature jyptebed QrddsndPitéddr PO P32 REGRELDRE ASvoDLIREEeI tquiagure 2.
of the'drawing. In this drawng, reservoir 32 contains a volatile liquid. 5

aPunp 34 oy anspnte YOl Ptdwe thalLish{¢ DT IEFQI Vi from dserebiti Be 8Araagh
feeds the drawn |iquid downstreamthrough line 38. Pressure-responsive
val ve 40 nodul rie 36 |and of edédie thiavdr dvwmul tigt bd odigiinbypass thneudB admde
.thereby maintains a selected pressure downstream from punp 34. The
appropriate 38. Pressure-responsive valve 40 modulates flow of the drawn .
liguid through bypass line 42 and thereby maintains a
. selected pressure downstream from ?ump 34. The apprqpriate
10 volume of the drawn liquid is passed by line 44 to heat

-exchanger 46. Shown in phantom is a pressure-regulating

i}

"valve P, which could be used in place of valve 40 and line 42
so long as pump 34 is a centrifugal pump.‘_
o The incoming liquid stream impinges onto diffusion’
15 plate 48, shown in cross_section. The liguid is then heated
to a.temperature juét below its boiling point by.heating
element 50, the heat output of which is controlled by valve
52, shown in phantom is thermostat R, which is located about
~halfway up £he sides of heat exchanger 46, which is
20 vertically positioned. Use.of the tﬁe;mostat R modulates
valve 52 to ensure that the heated liquid is discharged at
the selected temperature. Thé heated liquid is discharged
from heat exchanger 46 through discharge valve 54, and is
then passea by line 56 to nozzle 58. The hot fluid exits
25 nozzle 58 as a spray, and contacts work piece 60. Valveﬁ54

is an on-off valve.



10\ o ume of the drawn I|qU|d is passed by line 44 to heat exchanger 46.

" Sh .n phantomis a pressure- regul ating ‘val ve P, which coul d be ‘used |f|g.
place of valve 40 and |ine 42 so long as punp 34 is a centrifugal punp.

The incomng licruid strean1|np|nges onto diffusion' 15 plate 48, shown in
cross section. The liquid is then heated to a tenperature just belowits
boi 13 ng point by heating el ement 50, 4 hg heat output of which is controlled ™
by valve 52. Shown in phantomis thernostat P, which is |located about . =~ >
hal fway up the sides ¢h Beabrexehadrgermitie WheC kdquiddd \HWudd cRlpye Q to
positioned. Use of the thernmpstat R nodul ates valve 52 to ensure that the
heat ed |i quadhéatdeschanged,atevbealepacihag tieenpauaitibe kndwn hedtssséd i qui d

i s discharged from heat exchanger 46 through di scharge valvg354 and is

t hen passedpéyaheherScare solveet5$1owhd gadilon/hichirdxi tOR5m” fa)z Aeed8 as a
spray, and contacts work piece 6& Val ve 54 is an on-off valve. -17- In
order to deselwent tempecgbpred (REt KnputC@.t@paaweamlgantngﬁnpeEaxuweu
paraneters nyst be kngwn. These 3 paraneters are solvent fd.ow

(gal | on% houf)F) ¢ ofofn |§) F8661§6Fvéﬁﬁtt Sfp&rdent (qeemj!)b- ®r (QERR] ),

spray sol ve er at ]) S ec c he t of solvent
(Btullb. F){%’thggh] ?“a g‘*ﬂéh%&t 5?6%9#&&% B‘ e fol | owi ng
‘equation shoug, {0eng 2L ghheash ghgfwsh e 28 mtn%ﬁihesef HLASie o

these parameters:

Q=VxDx SH x (T, - T,), wherein V is'the.

10' solvent flow, D is the density, SH is the specific heat of
the solvent, Tz is the spray solvent temperature and T, is
the feed solvent'temperatﬁre. | “

USing this equatipn,-if'for example it were agsired
to spray a wdrk piece wiﬁh trichlorotrifluoroethane at a
15 temperature oflllsoF (46.19C) (T,) from a reservoir at 72°F
) (22.2°) (Tl)”at a rate.of 60 gallons/hbuf (63x10_-'6m 3/s)
(V), the required heat output is 7,097.6 BTU/hour (2079W).
" The specifiéjheét of trichlorotrifluoroethane is 0.21 |
Btu/1b.°F (879 J/kg.OK) and its density is 13.1 pound/gallon
20 (ké/mB); Assuming electric héét) an input of 2.08 KW would
'be'required. | -
o The vapor sprayer of Figure 1 is exemplified by a
heating element of about 1 kilowatt oﬁtpht attached fo_a
metal tubing'of about 3/4 ihch (lgmm) diaméter and'haVing a
25 ,minimum.qf's feet (i.Smj ieﬁgth, for.a.sdlvént'spray volume

of about 2 gallons/minute (126 x 10”513 /g)



eQ=VXx Dx SHx ([ERR]), wherein Vis the 10 solvent flow, Dis the @
deng ®y, SHis the specific heat. of the solvent, [ERR] is the spray sol
~t%r?p{ exature and [ERR] is the feed salvent tenperature. Using this equation,
i f ftor exanple it were desired to spray a work piece with
trichlorotrifluoroethane at a 15 tenperature of [ERR] ([ERR]) ([ERR]) from
a reservoir at [ERR] ([ERR]) ([ERR]) at a rate of 60 gallons/hour ([ERR])
(), the required heat output is 7,097.6 B§Uhour (2079W. The specific

heat of trichlorotrifluoroethane is 0.21 [ERR] (879 [ERR]) and its density

“is 13.1 pound/gal |l on 20Thé kepp&Retius ardsprocgss| eft thishiéavenadonnpue of

. 2.08 KWwoul d be required. The vapor sprayer of Figure 1 is exenplified by
a heating el amsefubffaboselvent| clwaningt applbcatioed such ast akmeuBlngfof
about 3/4 inch (19 di ameter and having a 25_ mninumof -5 feet (1.5m
length, for =ebieenflupregsidpentrenr B u‘P°2'~'§aPF§ﬁ§PHﬁﬁt€r (’FEF!RF)‘-e |
-18- The apparatus and ocess, of this mvenﬁ on,are se u sol vent

«cl eani ng applFe&td¥mst ‘s‘gfbhh%‘%r?'gn‘b*/’é?ubﬁzssm %? ipysn égpdﬁgagiSE B/ BSE64Ld

nbl f id bl
v userul % vinef “Shfay o € FOPRRA'FFOR & 1685 daerelarvE U enE HcR’
as trichl OrOtars'fé:l'J{)cr:ﬁ)fcg hc?@x.eifluoroethane.



poi ‘the volatile 1% qdi d*being in heat-transfer relationship with and
surroundi ng said heating elenent as it passes through said heat exchanger,_jj
sai d punp being situated bhetween and-iXIl+quid connection with said b

reservoir

out put control neans; a discharge v@LAIMSr discharging the heated |iquid
heat exchanger, said discharge valve being in |iquid connection

from said
with said
di schar ge

t enper at ur &°s ing I

sai d heat

t, t.,rol, bei ted b | d t t
ensur et haVOLRE R E b HA Bl T HEETOETREET 1 AcRoat FHE SBFSFer is ar
-sai d l ected,t t to b d t '
o cssure.  SONRARRNG A MRl e b ErE v ufet cPRe Bhadkate

wair:
ati| es

- a
m Enr ont ai ni ng ‘a heating el enent adapted to heat
_ E”ﬂglected tenperature just below its boiling

and said 10 heat exchanger, said heating el ement having heat .

heat exchadger faPRA% SREAY % SFOBPEL fbRd| @ Eéﬁﬁﬁvaéﬁpﬁéépﬂ:@d

the liquid 15 suppljed thereto as a vapor spray, and .a . .
%’éﬁ%’éﬁft he® {RWHRr 5P%r €X8V¥iRTatBE | qui d,

essure. Z2AVARH Farh T afeaf
whi ch ChE ARt B ARG eyl ek a1 0, TeRoBl ARy 010

di schar ge
liquid at

10

15

20

B | § |d4sitabl B A2 d & REQUL Lg di schar ged
§%§'\éﬁ%écté’? ﬁgls&s#uire to(%'gjl'd aét'(ﬁlu%g%tl o%ggngg%lé?bg
relationship with and surrounding said heating element as it

passes through said heat exchanger, said pump being situated

NS‘TT‘#&¥apQL_§EL§X§; conprising a reservoir adapted to contain a
mm unp for awing the volatile liquid fromsaid- g

between and in liquid connection with said reservoir and said

heat exchanger, said heating element having heat output
control meané: a discharge valve for diséharging the heated
liquid from said heat exchanger, séid discharge véive_being
in liquid cénnection'with said heat exchanger and with' at
least one nozzle being adapted to discharge the liquid
supplied thereto as a vapor spray:; and a-temperatﬁre sensor
positioned to sense the temperaturé of heated.liquid, said

heat output control means being operated by said temperature

sensor to_ensufe that the liquid supplied to the nozzle

in use of the sprayer is at said selected temperature so as
to be sprayed as a vapor at atmospheric pressure.
2. A vapor sprayer according to claim 1, -wherein

said heat exchanger is dimensioned so as to serve primarily

. as a conduit through which the volatile liquid passes as it

25

is heated, and wherein said discharge valve is an adjustable
valve that provides said discharged liquid at a selected

pressure to said at least one nozzle.

L

£

P



#-20 - 3. A vapor sprayer according to claim2, further conprising press

sens; g neans for nmeasuring the pressure of said ﬁmﬁm sai g
pFessure sensi ng neans bei ng | ocat ed downstream mmuﬂ ge val

5 _ 4.” A vapor sprayer according to clai ﬂm,mm said "

t enperature sensor is |ocated downst r eam f rom sai d &lséhaﬁgesva e. 5. A
-vapor gﬁhayer of claim1, wherein said heat exchanger is dinensioned so as

te serve as a storage chanber 10 for the éolatile l'i qui d; wherein said heat
exchanger contains a diffusion plate for“spreading over a large area, the

liquid i - : | . _
| ocat ed proxi mate hizfﬁr Sﬁﬁﬁg%‘f?%ﬂ%ﬁ%%? %ébfﬁ%‘h%e?' cPLSLE 2 By e
i nco t t i ni ni

wherei n sai d SO SHN PEEkGuY, Seflbing a3 205 faaelthRochs pERUSTE.

~chanber; vhergl N 224 daleeha £XCA G149 BQ?hthEE u§e-gaﬁglﬁa'ﬁeah%f%slag

pI ate is sit In a lower regl ereo valve IS provi ded

»modul ati ng thﬁoé$€M60éo&a§tkéaﬁléraﬁa&alayazgcﬁakgepuamvbhrough a bypass
| ine connecting sald punp and said reservoir, thereby pmaintaining a

esel ected prgssure downsnrean1Gagarsapéapéapacaaﬁamhgrebncaauﬁ @i sghar,ge
val ve i s capable of being set either in an open position or a closed
position. 25 wherein sfid Pepperesaref sgaseraisnfogatadodospsty chrmofram
volatlle |l iquid, said process conprising dramnng a volatile

- said discharge valve.

5. A vapor sprayer of claim 1, wherein said heat
exchanger is dimensioned so as to serve as a storage chamber
10 for the volatile liquid; wherein said heat éxchanger contains

a diffusion plate for spreading over a large area, the liquid

]

stream as it enters said heat exchanger, said diffusion plate
-being located proximaté the ipcoming stream, whereby the
.velocity of said incoming stream is substantially diminished
15 so that mixing is reduced; wherein said temperature sensor
" is located.in éaid heat exchanger storage chamber; wherein
said heat exchanger is positioned so that said diffusion
plate is situated in a lower region thereof: a valve is
provided for moduléting the flow of thé ligquid drawn by
Zo.said pump thrbugh'a bypass iine connecting said pump and
said reservoir, thereby ﬁaintaining_a selected pressure
downstream frqm said pﬁmp: and wherein said discharge
 valve is capable of_being set either in an open position
“or a closed position.
25 ._ 6. A process of generating a vapor spray from a

volatile liquid, said process comprising drawing a volatile
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d froma reservoir adapted to contain the |iquid; passing at
f liquid to a heat -exchanger contai'ning a % g
e”"m]"mumﬁllwmrout put control nmeans itself controlled by a ‘e
e "sefisot 5"poSsitioned to sense the tenperature of |iquid heated
at exchanger; heating the volatile liquid within said heat
to a selected tenperature 4usi Helowits boiling point, the @
iquid being in heat-transfer relationship with and surrounding ™
nd gRlie®Hriom &) rtisehasgf ngddpeedeed edohtaihdthe 3agdidel ect ed
e fromsaid heat exchanger and through a di scharge val ve; and
palssing)etl latasaial' metebdred £ etiperdtawve 1bdquidl éasa beatnozzl e
it is discharged as a vapor spray. 15 7. A process
exchanignis cantaigiing s dherbingxehemget havinhgeheadnodtputas
to serve as.a conduit through which the volatile |iquid passes as
e¢ontrge meang Hesrkf cepntxed Hed sbyli achempenatiyrag SeRsedj ust abl e
provides the discharged liquid at a 20Q sel egt.ed pressure tq said
pesidianed foense h"g"?)r"e%"éla?%a’é‘ﬁrg aP8 Hiqepdr Jeatedydrg sedd
wnstream from said di scharge val ve;,. and,wherein the tenperature
&’@@ét &X Teal$3 oS aF e aY_LAGLLe éWédet”ﬁi‘f'ﬁes ur ed

(3 Y5 elan vsed QUL OTELLCs! Lin2e L TR alerSaLg heat outpu
ibséiq.iirrrlegn %o%%:d, h&SvdPLatf Y elfaufdsﬁgiﬁgein. heat-transfer
relationship with and surroundihg said heating’element;
discharging the heated liquid at said selected temperature
from said heat.exchanger and thrbuéh'a discharge valve; and
delivering the liquid at said selected temperature to at
least one nozzle from which it is discharged as a vapor
.spray. - o

7. A process according to claim 6, wherein said

heat exchanger is dimensioned so as primarily to serve as a

conduit through which the volatile liquid passes as it is

‘heated: wherein the heated liquid is dischargéd using an
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adjustable valve that provides the'discharged iiquid at a
selected pressure to said at leasﬁ one nozzle; wherein the
pressure of said discharged liquid is méasured'doWnStream
from said discharge Valve: and whérein the_#empefature
sensor is loéated downstream from said discharge valve
'wiﬁh the measured temperature value being used automatically
to modulate said heat output controi means. | |

8. A prbcéss éécording to claim 6, wherein said

heat exchanger is dimensioned so as to serve as a storage

*



s-22- chanber for the votatile liquid and sai d heat exchanger is positio gqp
sopghat a di-ffusion plate |ocated wi‘thin said heat exchanger is situated”i
.a? Foyer’ region thereof; and wherein the volatile mm it enters
sai cﬁdﬁeat 5 exXchanger is inpinged onto said diffu ”ﬂlﬂﬂﬁﬂlﬂﬂm o
s ocat ed prOX|nate the incom ng stream whereby the" vé1oé|t9 of sh&id '
-incomfighstreami's substantially dimnished so that m xing is reduced and

MN=-"Is ensured that the volatile liquid is at said sel ected tenperature when
di scharged fromsaid 10 heat exchangé“r 2H- A process according to claim38
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val ve; wherein sai ar ge val ve I'S capa Ie 0 be| g set elt i n an

- wOpen positi O %rre&nclt@z%egloq%%ﬂé)rh AL ZE MG e d DA ESRST 81 endbt Sai d

heated liquid I's nmeasure he tenperature sensor being |ocated within
ssSai d heat exchamngsy ezsausd:ﬁ@ﬁ U RiHtS WH TP aimRNsidiei piaBe!f Omeddsat sy
nodul ated in response to thé sensed tenperature. 10. A process according to

any one of chadi:ddl Prdxanthtidadind ri:&as:ﬁngnlaairéaenj i whearkisp NElié Seslocity
trichlorotrifl uoroet hane.

of said incoming stream is substantially diminished so that

mixing is réduced and it is ensured that the volatile liquid
is at said selected temperature when discharged from said
10 heat.éxchanger. .
| . 9. A process according to claim 8 wherein the
s liguid is drawn from the-reservéir using a pump; wherein
| pa?éing of said drawn liguid to séid heat exchanger is
acéompanied by modulating flow of said drawn liquid through
15 a bypass line connecting said pump and said reservoir,
whefeby a selected pressure is maintained downstream from
said pump: said bypass line having a pressure-responsive
valve: wherein said discharge valve is capable of being set
either in an open pasition or a closed position; and .
20 wherein the temperature of said heated .liquid is measured
by the ﬁémperature sensor being located within said heat
exchanger; said heat output control means being automaticélly
modulated in‘résponse.£o the sensed témperature. |
10. A.process acéording to any one of claims 6
25 to 9 wherein said volatile liquid comprises -
trichlorotrifluoroethane.
| 1ll. A vapor sprayer constructed and arranged to

operate substantially as hereinbefore described with



'11.‘€Vyﬁp0r sprayer constructed and arranged to operaté substantially as s

“hek ef ore—described w th -23: reference toand as illustrated in the,
adc yin ' kil process of generating a vapor spray froma. .
vol" i atlﬂwma“mﬂﬂc“ bei ng substantially as hereinbefore descri bed
wi t h Tef erence (oo tthe®aceonpanying 5 dr awi ngs. ) ' E
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réfefence to, and as_illustrated in the accompanying drawings.
_ 12. A progess_of generéting a vapor spray from a
volatile licuid, such process being substantially as

hereinbefore described with reference to the accompanying

5 drawings. = | | .




