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Summary. of Thegig,

The flow of Oil~Refrigerant 12 (Dichlorediflucromethans) solutilons
through horizontal eapillary tubes was studieds The effect of
different concentrations of golution on the mass flow through tubes of
difforent bores and lengtha was the primary concerne

This g a new field of dnvestigoation; no provious work had
been published on measurement of mass flows of such golutiona. Although
the caplllary tube had been extenslvoly used as an expansion dovice
in refrifferation systems, specielly in the smaller, and the hermetically
genled units, all investigations have been limited bo the flow of
R 12 only.

New oxperimental techniques had to be developed Lo measure the
masg £flow of oll ~ R 12 solutlons, as none of the mothods used by
previous investigators on R 12 flow only, was sultable.

Interest in the flow of Gil -~ R 12 golutiong aroge from the lack
of published data which might be applied to the degign of the capillary
tube as an oll return from the oil separator to the compressor crank
cagce Thls would provide a slmple substltute for the usual, expensive
and gomplicabed f£float valve mechanisme
By/
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By arranging the tubes as a2 by-pass in 2 main refrigeration
aeireult, complete control of the conditions vasg pogsible without having
to esteblish o gteady state in the main eirouit, Thip improved
acouracy, reduced the time required, so onabling a comprehenaive
geries of teats to be conducted. The pressure and temporature
diapribution'along bhe tube wero also obgervoda

The anelysis of the problem was hindered by the lack of adequate
baole data on the propertics of O1l » RI12 golutions ot tho relevant
conditions. lowever, the mass fllowr of golutlong hag been compared
with the actual and theoretical indiwvidual flows of R 12 vapour.and
oil. {

The investigation provided the necesaary date and showad that
the capillary tube could he a gimple and Inexpensive subatitubte for
the usual oil roturn devies, Buch n tube eould now he designed to
deal with compressox oper&ting conditions where the maximum oil
pumped over is known. At compressor conditions with amaller oild f£lows
some loga of refrigerating capacity would be inavitable due to
intermibtent R 12 wapour leakages Ih 1a shown that this loas is

not lavge and thet steps can be taken o reduce it,.
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Plow off Dil-Golrigevont 18 Solublons theowls Muedsondel

Eomd A e Gyan rnd Aneddooilon sao om DLI-Eetuon Dovioon

The Fhow of Pilelafploorons 38 (Ilohlorow
Safinoyonsthsas} solubions Stheeash hordaonkal ocondilayy
tubon wns studiod. The offoot of dLPTfaront
aoncendeationg of solintion on the noss Dlow throasgh
ttinn of JM0%erant hopos ond Tonohhs vas tho padoangy

CHOROE T e

Pade &0 o How fiald of dInvesbigodlong  m
nravdous words hod hoon pailishod on aoeoaronoirt of opas
PR {?-éj ot golubiong. Sithongd dho sopdilosy s
S f;mﬁ-tﬁaﬁﬂim;ﬁy waod oo an oxponadon dovien in
pofedaorntion syetonsy speoinlly ds tho suniler and the
Reematdsally sonied walts, provions Inveastdantdons hove
beon Fdmdded to the Plow of 532 ondy, |

Few oxporiowatel tochalogoas had to bo
devalopod o meanube the moer flovw oFf oLl-038 acludionsg
snong of tho aethods Goed Dy provions oveatigabons o

H18 fiow ondy ven el bablos
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Oy omeonging the tabe onder to8% a8 o Dy-nogg
dm oo pinde redvdassabion odsonld, oomplats sontrod of
the oenddtions wnt pososiblie wsddhons hevias 49 oudablial
o wioedy skate 40 e andn asivewit. Phid Sumpyoteod
peoaracy rodused the Slu rogslead, onabling o
somprationaive sapiog of bosts ¢ boe gopduotod, oy
proosters and fooporators gldetrdbutdons along tho twbe

WO alao ohaotved.

whe annlvosds of e probien won mmgrm by
ths Ioek of adegquato beade datn on the propoesties of
il aoduntions b tho rolovend conditdons. Howower,
the mass flow of nodutions Ling hooh comparod with the
acbiznd, and thooretiond Individunl Flows of B2 wapoay
pd dl.

Sho dawvoentigation provided the noocosaory dabda
and showed thad the onpdiiory fube souid Ho o adapis

and fndspansive sobstdtuto for tho paund ell-~robaon
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a3l pomped over 8 Tnowie A% ooHpIossor coBditdony
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The enpillewy tube an on opponoton doevics is
in gesioral uso in alaost all sasil refolagodation wdda.
¥ Ae poediionlarly sudioable for hovuoewbie untts. |
Thoro hove Doon sovernl papers giviog eupldrieal dodn
to add the desmigner o solaosting the appeoprinbe sipe
5% oapliilary Huboe for o partdsulor application.

Thops hove also been atdenpds ab homsitoanlly
eotpating the pass flow of rafrigevouds bhrough
eapdlliary tubes of vneying lenpth ond interns?
Alamotar, The theoroticnl selution bas not heen
aohdovnd and enpipdeal elatdons are abtlll not eholly
satisfootory to the designot.

I thase fmvostigotlions, care hod boon tolen
o elindneto lubedonting odl feom the pelpiperant Flow.
nly one papor menddons the gpprectable affect of the
npsasnos of ol (9l Almont pli comemly weoed
vofrigerants dlesolvo varying guondibion of Ionbwicating
oLt whon badng zmﬁwm shrough tho Conpragssor. Hone
Iubrdondidng odd dn tho Porm of sasld drops @ also
msiped over Dy the conmprostoy with the refeigorant

VDRI o I pavetdounlor, BIE wapour 1a soluble in



vofedgorabion oconprosanry lubwioating ofla, and Iiopia
QAR and Jubrioating il are eonplotoly sdeciblis dn alld

proparhlons,

in largoer pofedgeration undte 1% ds
ponvenlont o use o sfwﬁmmﬁmm Phaood belwoon
oonprossor and aondenssr 40 oliudainbe wast of tho odl
feon the refeigevadion clyenls, e old Loduy returned
o tho GL0QEPHLROY SRR %h#ﬁﬁﬁﬁ s hall o Pionbe
el moolhunian, The valve smehenlanm 1o necsssery o
asaoownt Sew the prooaststs SiiTorapon Hobtuweasn fhe

conprassary dlschoree and suoblon.

in syoller undite tho wee of syel odl
ﬁ&&?’ﬁﬁm‘&%ﬁffﬁ Byns pavwad siseconosionl, Yhen an ofl
saparator ix nod 4n uge, 1t de of ssun advantnge 37 the
oil and refedgorant are sdavible, “he od) Lo then
sapviod theouph tho f@imm%ﬁ by the refrigeeant ond

ratornod bo the Soupreeset,

Hesddon 2tn uno as thoe ospenadon devices An
the gadn oireadt, the capdllary tnboe could also bo usod
as onn 03l return lite from the odl seporator o the
WP ORSOE opoRitetnga, olinineting tho noeosd Cor an
wxpensive ond aonpliented floatevalvo moctionism.
Ghaese tee applications necassitates tho study of the flow

of odl-rofmigeront solutions thraugh capillory fubos



avar o wide range of oonoentrablons.

Infomaakion ony dhe Bobmoedsunr of sush
gelutlons in copdilary tubos Ao wirdaslly honsoxiotont,
o greublom Lo e eompler thed an wmnalyticnd selution
fo hordly Tensible and cold not bo applled nemehins
hoopuse of dhe lach of basio data on the propardios of

sil-prafviporant solutions ot thoe relevont condiilons,

Te boep 4he Investigotion vwithin roeasonsblis
Temike 36 was desided o onpordment with ong
habedonting oll, sold onder dhe frede nooe of Yapelio
e andl Alohloredifluoronethane, onmaondy Miown by tho
fpode nomo Froon 12, elasaified as Roefrigerant 10 ond
mﬁwﬁvidﬁaﬂ as D2, By tho ASEOAE Seandard (1).

Fow and e adaborats ogparinental
techninues hoad 9 e dovsdopsd fo ponsudoe nass flows oF
addevafrisovant solutions:  the dethods veed by
mrevions dnvestigotors, using volvigerant only, were

ot aultabhio.

Thile the oeloary intorost has Doen o stady
#f the mnps Plows of anch gelntiohs, omapasians hae
atue boon ooade with dhe ez Plows of okl and RBi2
waponsr, Andividuallive Thass Eader Yond® conoctrtreition

eontitions axee of inderast adso sinee upday cordnin



sondditions e oapdiiery fube wlon wand @:sa 5 odk
potnen do the conprosser oy e poassdog alomaed paps 043
wy wolydgoromt vapour only. ool o desdliage of
pafedperent vopsar e e o33 soparator Lo soh
Prloaded oy wesult dn oo less of palvigeeating onpnolty

and Ehoy preeblos ds discusaods

The favee nonber of tesbus conduoted provide a
sopprohenadre sovdoes oF sosulis ond o wsafal ald 4o the

e v .
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By Rty

Gaplliaoy Tube

Swowrt 23]

Thie Ao tho Plest puper presontod oo dhe noo
of o capdiisgy tube og Bn expanelon develon i heplée

axchnngs with the suotdon 3iac.

Ty oineend s dntvodused of $he Ypuosp Gogokd
senditien when o 2iagndd seal s pnintoined of dhe
gopilisery ntrancc. Boat excliange d advonatod
Betwees: the oaedllisry tube ond the saoddon lines fthis
allows o levper auantity of solder snd webtey
rofrigerand o oreach thoe evaporeteor &t Yhe expaiag of

spond suohion vaponDy Ineedensing offioionoy aind capooity.

Twe eguotions seo ghvan Por dedorsiniug dhe
Beat exohnnge lengpth ond dhe additionad Zongth weing
axperinontsl eonstonts,

Tavp of watm Rlaguidd Ao assumed, i
Pomp of owvipmrator ¢ acsuedy ¥

DEEr, of oot exebonger S0 asovmd,

(80 to 90 %I o
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Thoory and Use of n Saplllary Tl for Liguid Hefeigerant
Sondrod
feedhe Stnoblor (420

ARter onnaoeating the adverntages of using o
eapdlory tube, cspeeially dn havoesdo undte, Gtoeblor
fntepodunon tho sonoopt “oopacity nlance® botwesn the
potptonedng wdd and capdilory flow, Indioatod when »
Tiauid sool ds precond of the tobo anfranic. Rewtosa
bowed on what is oalled "npnedty Dadanco tharastordstie®
Az adwonngod and the detesudnntion of and the factors

dnfluonedng this dhavacdoristis are ddomosaed.

It i ototad that insducion of nhy il with
the oipeniating sefeigoront dneronses $he vigvoesndidy of
tho pofeigerant«ofd solubtion and will bave thoe offeot
of lowerdng thoe mﬁxavmswﬁ%m GLIVO Howevor, aclthor
peztment mop experduoninl deto 4 advanesd i sappord
of this shabenont, |

Shoeblor aloo adveontes hont excheoge wih
e shedion Moo, Pov abt least 80 inches lahpth, at the
condonsor ond of the sapdlilowy maid otobes thoat ovopall
onpnelly of the refsdgoeeating svetan i Increased Ty ne

mish as 99%.



araphs arc prosented of eondvalent fensthe 18
of DJOB2 35 ID oapilisyy Pabo oepingt coupmreseoer
gdaninoonnnt, S0P variouns oviporating donpoeatuven, and

Swo oondosulng Louparatiueres,

Thy rolationaidn 4o gives S0 sofivert From one

Tongth and ddametor of tube to anothowrs
- v o yibalh
By ®0 3ry §a!3;;’#$ﬁ§

whowrs ., = length eof anpiilary having dnedde dianobor
2

By = Tength of enpdliloyy hoving inside ddanotor
y

B dw ofatoed that moad o7 the conuiusions

nre vatdd Dop Rel8 alao,
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Applientions ond Dharacterigtios of dapillory Tubos
Halre Lothwop {26}

lathrop disousecs the flow of wefrlgoranhis
theough capillary tuboas in siople xﬁnaﬁagg. and  AntYow
duces the oconcapt of "Gapacity Halohes®, earlier
advanced by Staebler {31}, bhotwoon the conpressor cnd
the copillavy fabo, phd cospares ﬁhé ayatan with
hydesulide flow betwoon two tonds, thoe condensoer snd thoe

ovaponbor.

& gluple geaph i prosentad 98 compronany
vofrigerant pamping capnedty Pop difforont bomd ond
suetiol Prosoures, & pduildor oturve da prosentaed of the
@1@@*@&@&&&%3 &£ a sanple capdlilary (ubs undor ddfferent
hoad and suction pressuros. Yha survos avo superioposod
to ohtndin eapacity bolance podntss  the dosipnor thon

solacts the gonditions of operations,

The authox presents a list of factors
affecting the fMlow of w@fmigﬂrmnﬁa throuph o capilliary

e, ond theae that have baon considored,

Grophs aro prosented to show the variation of
sofpigorant eirculotion with the Andividual povanctors

of ingido ddametar, length of tubs and prossure
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A3fforonao. oy theos 14 o ctnoluded thad
pofvdperant £low
¥ oot ()
X s
()
. a
X {o P}
whore #ow weldpght of refrigeront oliroculabion
£ = inside dionmetor of tube
L = longth of tubo

¥ oa pressure diffovrenco

The situation where thera ds subcooled
refrigorant ot the entrance 40 the cnpdllary, wvhoethsr
eovsed by suction line hent axohange or athorulen, i
dincuunod, 4 cwrve i prasented o show that sube
eoeling dncreases the refvigorant cireulationg in othor
wopds a longer tubs op otio wi?h snnller dnside dismotor
15 neodad to modntadn eapnolity balanee with subwetooled

Tdagunid af entroanva,

Anothor graph 4 prosented, labellied dopiliavy
Bogdon harsd 2o both FL2 and #22, This shows o
vapiation of friction footor with Roynolds nuaboer, A
singie 1ino oppears, savkad Sadurated MMquid, soparating
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ovareld fneponse dn hoead deanafor dus do the presensos

of oti.
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e

Awotiy the nunesond aees oF the copddlory
tubn, twe ors soncerned 4n this papord,
{1} e copilloxy tube ooy bo wecd nn oan ekpenglon
gavien or soptrlotoer In o prefrigeration cdroult, in
pluce of on axpansion vades, Loented botweusn the
m&nﬁ&n&&w~aaﬂ 1o ovepmrator. itk oapdilary ibon
ars whiedy wsed 4 volrigoerabion syateria, poavsicounlavdy
g the sonllor and hexmotde wnlde, “hey flow throveh
thia tube La podopedly dofvigerant in the Ldowdd stato,
with small? guantiddoes of odd dissolvad in the
rolrdserant. Sheonghont this popord, the caplliloyy
Wb uscd For dhis Sunotioan s peferrad fo oe the

Hoxppnpioh oapllliaeyt.

%h@ expaneton capdilary do sonatinon
annoeted thormally $o the oaspressor suetion ldney o
langth of the tubs, ot tha condonsor ond, 38 acidoroed
o tha puestdon fdaw, 0 ot as o head ssohonger.

Hore the spend suodion gasos ave sand to Murthor sube
eoul the Atguld sefrigoront in the copdllary tobe,
eosulding dn on incroase I the geofficient of
poelormmnee of the syobou, Viptnally nll publdshon

wowl evadisble on capdilary tubss with BH18 and yefergod



W S thilo Shosds do rolabtud to Uhlo appllvabioi. 44
{2)  Whe copillory tobe ooy alio bo used we adderiurn
Lint Feoi the o33 sepeddtor Lo The Lsnproatowr sroiie
poey ot a subebidubo b €he valve smbboulons eaRranbly
Aen wets R de Hhe positibiiddy ool $hie appldoention

af Tho osapddipry tobe e As e pblondy cormsadis of
adn sopswd, and the Swuboowhon a0 wsods 2o poloveed o
ay e todlseodhpn eapliisey®. o Ho publdehed woxdls is

amved hoble volabing o dic pousiblo appliioskiois

Tt voport concorng iteell with the posueibla
waa of the onpililasy tabs s s OB odis gdovioe, Sl
pronond problion sun b atoated ae oy devvogtdgnidoen dnte
Thie wass Qo patos oFf vapions conveniyabiols of 0die
IR selutisn Sureagh ocoplilary fubes of varlous longihn
wd Ademedarg, o varying wm@m:ﬁamﬁ, and S

passtbildty of prediotdrng snelt soga fRlow pabo,.

Fhe ofl«B10 colution nopanily onsotnborsd in
rofpigoration spatens contolnn o low pouy poldnt, high
viseoably Lwbvpdanting oll, the RAZ wopour i dissolwved
i bho olis I fhe Riow of atel solfutions dhoeough
sapddlary dubos tho possihlo mmmmmwmm ol BLE vopoar

puts the probloatg dndo ohe cotepgory of fwo phase £iow,.

Ghe eopploxn aulhjeot of tuneplings Moy of

fudde dheough tabos las dntoposiod anpsinoors Por wnmy.




wonws, Guoe O tie gwézémmm e application of the
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Pasoephiasy $lew ER o sifimaivided,
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frmpnga Shove Srpnsd o i i’i'.am'@hmm w’mﬂemmmw
Phowr eie o) cotabebed wadesr aad { (Y asbusvbist RIS

Wi Flow oF seorpaded wadolr obd wﬂg B ot oxempio oF

Fraven oMLY cunporetity fwellingk Dlow, - e
Py At S wzm; e ERA-BLR soludlons ey o olosbifitd as
e aGTIRURERD ey irug sty I P Piowe  The

flaty af cold wobse wud alv poy alss Bo colcidetnd fwoe
Brrpotiisnt noReevapebabing dwo=pliass $low, with Goowdy

comBinig wativ o8 gan to 3dqudd.

Peewohian Plow

Swaperating Plow

ﬁmww‘;ﬁmm:rﬂwf ner Fiow
aile oA solubiong
Do omnpetiond peld eontor sl ade
Gaifs SntuSndsd waboyy
paturabold K12

Tromeeavapaneny
ey dntuwaded wnbor
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Ha Ewamorating Flew 46
G swvaptrading bunephoga Pilowe ool G5 o00uwe
dxy Uhe expenaion onplllayy, epbariisd o subeospiod
Adgnid entoars the eapdiloevy, ond daurdsgy 0s Plow through
the Bufe, Shore 4 s drop N prasaure, duse oedaly o
Frdedhlon. The pressurs pey Be s yedused dhetd 4he
pubweooded 1iogoid beeouen sotudeteds and vaporisation
QeuseRnons, assuaing thomeel ceguiiibedus, with
absorpbion of latent hoot of overoration from the
ampronnddng nedlm. Pagsqun {25) bas defined atobilo
thoomal equdlibeia Whon thoe propartlos of o Riguid
are changed, swoh that o Uoguidevapour phase houpdogy
is ovogsed, vapony will appese.® Thide dosoribes whak
P&i{fg&’& be oxpaated dn the flow of spfurabord Llontad
through o am,;:jﬁ.:&,im Hotin, whe prosenco of this
WO ﬂ-mﬁmﬁ simalionsoualy with the Ldanid would
gonotitute tho fwo phasol. & vraponre bulbiblo may
APTHART Thia nodnt has baon Aosceibed as T€lnah ofde
@miﬁi‘a by Hwart £33, and “hubble point tenpoeraturc? by
Rolatad nod Jordsn £5). The Dlow upstrons of this
podnt dis liguid ond thorafore virbunlly dsothornal,
and dowsstrons the flow s fwomphose., X the dunlad
tomporabore g i#m prassiry dlatributlion ndong tho
tube aye Dmewn the podnd whese oyvanporation alowld

vompence ooald be loonted, Por an adiobaiie flow



e feppersture of the Pladd sl foll ab dhin pudnbe
Ghotgh bl £E0dd tomoerature Palls, thevs shondd he oo
ehweare dn Yo dodal antheloes 4P dhe fedodtonnd loasos

o gaplaotod,

5. b L ~F i A i\ e Fia i pene 2250 Sy B ) aly 4

HBelubod wad Jowden (5) sesesnied sverbe de
s¥uree Pl nowrsetrs awd Soombernture aaSaneis whens Gho
-{a' i’-gx’/.-ﬂ‘.lu 4;‘.}.-?}§~ %k«k ‘L;{@sd .:fgw 5::}‘ ’-:-%‘W\qiv ng\ww}&jﬂ o A K AR g ;'”n?‘r ﬁli.‘ ‘!"vf"‘e-'!‘&# e ‘:awf -ui&.l ? '-‘ri:‘;‘&'.
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expataden sgpdllory dube Sor LR Sl o pdilebwglio
Slow the graply slwws o sl 34me ;;:eewmmw/aﬁzs;%:!;@
e besperatrind Sonisty onfsdrad Wil sstevatdan do

ORI 3 s ot G RPN I - * s A 3 et s Ak ol oPr et g ;o
snsaaiasnda REy wouy applismtiane e sspanaion Sapdlloey

b2

S goetdersd o $ho wwebden Bae Lo e cospresnue IR
ekl dho eeldoy snedlon gpass e Paethore subo o i
Siopadad patudaerant dn Bhe onpanigdon sootiiary
voonlting du o Anuresae fn e copfflobong of
sppndoimnges of $he mﬁ:w;&gﬂz;;*z»?}.'f-z:am:;x st i wr sl
-::im;ﬁsie:m $dne Doant oxolnfiprm, e graphs ghaw o
Swuporahers dvod couedng the Bdagnid BLD fn be Doedliae
aub=onelad,; while b peossurn, &g B e addebatide
sty Qe A0 o giralshd Bdae uabdl astuoatdon Bolut,
Whers thn sottadlon podnd Lo matohads Boll ths SSunohm
e B PRensires fadl avreonponding bo soduration
apnftionn, frreamestive of aishedde on funendiabniilo
Ehomdd Plow. fmpbton Lisn haal wrdhuine, o tho
gondonser ond of the copdiery, sewely moves the Indible

nded Preedhen dornabennti Dhaves ohwmorvobionsg aen



corroborntod by Topkins {133, 19
fanntng (10) in hie investignbden on the Slow

af BAR through o G.0%2 3u 12 capdlisry $ube nloo

eaonmnd had thermodynemic spudlibrivn won nedniningd,

apd thes stonderd thernpdynamie thoeory fox ecaspressibia

frudd Plow was applicable, Tha Linited raigs of

axperiuentnl wosplts eppooved to suhatantiots thoe

prounpiLon.

B Hotastability

Goapett, Ohi snd Beleton (7)) shserved duplag
vofrdgerent flow thronph glags svaporator tubos, theat
the visible liguid lengthe wero gronter {hen those
enleuinkad sssuning Thersal egoelilibriua,. The
conolucion fron this work wos that thore te o {imw %41
woapariagtion: that ds, thermel cquilibeden 4o nob
mdndadined. This phenononon wae nlee observed by
Vorsfe-Johmids (372) in glassetube svaporators, whopo
the lenpth of liaudd £lov was grenter than caleuioted
on tho oamuaption of thoerand saudlibelan,. Vosgan
reportod that therinedynonin eauiidbydms ie not
madntatoed duping the £low of HIZ fhrough expancion
ADVICGE. Greraor £03, An hix dovestication on Yhe
row of BAL through oxponpdlon dovicas hog sorpobosated

thin, ond hins presonted axperdoontel dota on dPTerent



shonos okl odnzes of nosalos, ahowd i, ond oelfiaots,
Poanun omd Boprsmt censlade thes the offeot do dus b

o pinboastohio ebnte of auporosniod Llaudd.

i this ovidadios A% 43 possiblo hot notoe
gtoble oconditlons wIll apour ales in thoe Doy of 118
through sapanesion oapdlisey tubng, Tharafors, 44

wonld Be A Moult to logabo the bubbls point,

B3 Plony o

Yenvions investizmtions on #he Doy off 138
aspusand Prothing flow, but no ovidones 1o advonmed 0
aupport thig. I bho only abdsand o atudly dhe Doy
Fomn of ovapopating RI8 Linsing {19) doseribed Mwao
goasitda fooms of Dlow for ovapornting Lluddas
L) Anamlar Slow, I vhich the Laqndd phare Lo opuiined
o thoe wall of the pipo, tho vapouy Plowing din an ey
QO (b)Y depnrated flow, whent the phasas ooowny
megnental areas of thoy tubo oprosa~asotlon, tho vapous
Flowlogy above the Llgwids  the bhntorface may Do smooth,
wavy o s:mmmm. dopanddng on dhe r&&gt&v&
valoei ting. () Prothing flow, whon the ldquid
guremuds Tho vapour in tho :ﬁ"-‘ém-:i of snodl bubbhlow,
Inftorspacedy the Ligudd ol yapour phinsoen flow with &

eoumaon voloalty.
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Fon smoler o sopnersbad PRosess o Rlosnded

et seagperee vhesns Howe wodsbiva valesdhyr Bobusen s,

Poum sonbisnd by, comendun and oltvrgy
ﬁi*zaquﬁmmmm; Ldnnday dedaond o rolation for Yeolndlve
wolooliy Couboer®™y S velus of whish glves on
dnddanddon of $he o Do B0 b oxpooluad, Prom _@&m
axpertoentsl vesults Liundhy eepeludes that Orothing
flow proradis in the flow of evaporntdag B2, Thrs
stndos thad solaibiong, AN geneead, aro oovs sussendihle
B Peopthing flou than pore Staelds, oand thae n Sow
mwfane Gepsion soofficlont 1o onoonraging o Teathdog
Froz. | |

B8 Honwevaporating Twoe-phase Ploy

Twosphass 1o wny alss etour vhars vopoup
Ao Porood it ?t:mé yapspiantion of andiented Rdguld.
The omdfiions poverndny thda Sype of o are d380eprent
Poomy ovopeenddng teospbost Slowy nad sy Be olassldiad
s Donwsvapoentlag ﬁmw@mm o Rhe il of ollis
B32 soluiion i he odlepoturn onpilloye ds in this
audagney sinve thovo 48 no ovaporatdon of sither ofl
o HEE dordng Plow. Arve DA wepomur Soxcenl Is by
Folegss fron aointion. Fhors Beldng ao vapordsstion,
ne lotend Dieat An abansrboad, Howowvar, » haod guantidy

pxy Be dovelved depending on whiother tho solabion to
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pnobberels o oudethopnic, s the quosttity of Fuisy wdid X
B vy saall conporod 4o the fabeint hepd of owmpoeation.
TALh okl gam:iui:ﬁ.ﬁn& gemepnlly, 4% 4o ohllkely that thevo
is oy %me:&? of mi&x&ﬁmx, m%swimg il mini 518, |

HeJ  Hhe Holutlen

& dintinobion wast now be sade as odl
dlagolves RIS apout ab o preassure and tenparatursg
w&a@a W12 does not aomuelly extet dn the liguid -z,ri:f}-m.%m
Wadle A0 solution, the 8210 &2 a0t An the wapoiy ginte
aither, but oo GI2 would bd in the vapowr phaso wider
windlar conditionss. BAR wapour s réloased oo
soldutlon Lwemise of o lower saturation idndt at »
lowar Dresatrs or bigher demporature. X¢ As,
thorelors, oatablished thot thoyes i Do wmmmﬁmm
nor absorption of* latent hont, when L2 As m*gxaga;'gﬁ A
& vapour Dron tho solution, _Maﬁgm 3t da ;fie:tii Brtown
1t ﬁm :m solution mny bo ma-am-m&rmi o bave the
th#mmiynmm pmmwm# i a":g ynpoE O a 1iguia,

®x b onechandosl sxture, the bwd or noro
substanoey exiet aldoe by sido, eseh votaining ids
Fnddeicdonl physieal, chemlenl and thevmodyiando
properdlias, ad ape aoparabile by gtapde washaniond

ST . he mixtures ars wsualiy heterogsnous,



Wiome bwoo o moze sobsbamoos osed ol :;5.14,1 Ay
i produesbs oy dfDovend Hron the soaobing aubsbalicds,.
g woudd bavs Glfferant “‘um*xpe}*w:mm Irix *amm,, m}

sosohianoe b thy ordpdnal avbetnanons, .

vfimms mm aubpbonses win bogather, ol o odld
ol BLZ, wi iﬂimmt cm:sr sosnliing phase ddlPorance i Hhoe
mdscdure, euch sobutlons cauntd be  kermed mechbnndeni
plmbnrosy noer v they vennt chesdtonily. . The -
apdation- te honogzonons, md in certaln onses ooy
tnveive a hoat of solution. There way nlee b
donieation and formation of ohevgel parddoles, - W
peivont and aclute retads thelry identity, nnd cheuiloanld
compoadtion, budt oby wndergs o strusbural reavrangenent
in Mo moleoulos, o Poym o Bond Hetween the tw@
submtancas, | This panses propavédaes Idle specidic
undphd 4o Do altored, and 4L da not possible Lo prodied
the peopeptdes of soeluwtden fronm the propertics of ids

GORHONI LA o

GAL ds nod o puve compownd, Bub o pdstueo
oX mm;gmm&ﬁ hawdng vovying bolling REECER mhiaia LTI TEY A0
o polyvmerdantion and doegradabien widh shaongos in
toppoeratore; Vhls adds 9o the gomploxddy of tha

pcotsdinie

Bupergsatirntion 4 o sodutdon moy Do coupored
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fo pupepestellag 4 o Aondd. whoees vapsriasatiog ol b
doimred 48 fwead Lo epplled slowly, soni ihose e b
Sopueiaios WenGeiits Syey Ashwriniee o midldion of
pery Smpuedddon peoboyon Hherand enpllobaius ond
-ﬁwmmmmmi ’téa?mﬁz plano,y Sdkavise stporaatuidion
ey o attaitiod i o solution, deinying the solenan of

goanone Pron Soduelons

e prostny of dleoelving B3 dn ofd de vod
an instontonesas easy o Shepe will be o osetain thme
woguirad o abbadn o astureted s l-lE3R snlubicis.
frodinedy, thers w2l B oo Shwe Iag Sov the Talonko of
AR wopoon from oo aotueatad oll-038 selution, 292 Hhe
zémsamm ja Jowerad o tho donperntueo raiaod, Tho
bl wonaiyed fn thoe Latdor onse do oxponked o Be loss
than the thame sogudrad o Tovm o saburatsd aolution,
Thin tine dag «133 depend on the rote of change of
progeurs o tonperatirs, ond phet bBe o fookor ubero
the vobto of chabge 1 yopdd ne d8 he %zgwmémﬁ peeinleny
shoko A sono sirotnsdances conddtions poraid tho wéﬁ,mm

off RED wopanr Deow solabdan,

Beti  Visoosdew

T wdecoddy of an ofd Ao Jowoered Uy ooy BIR

SSupodvat G5 B The dover vlscosity of selabions



wiil result An lowoer i‘-’mimsmzmi Logssen, and wass Plows
will he gyentor than 3o the ndividoal flow off 1%
ondy, under the sane copditions, Phe v&#mz&i*&-y ol
0A1-RAE ssinbions will depend on the sconcentravion, in

adddsion 0 the tesporabure of the solutian,
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The snses £low theoueh the sapililaey tube wiil

o affeatad Dy $he degres of cooncontyation.

r Ronsity

(%21
LN

»

“he density of oil will e inorcoased by any
012 dieselvad dn 263 the solubion wil) bo heaviep
than oil o RI2 vapour dndbwidundiyv. sdnee nesse Llow
48 o funotion of donaity, ths inercasud density of the

asgdution will rasult In highey maes FLow.

aoewrats foferantion ob the wigscondtye
Tampopaturs and degalbywtanporgture rolntions of odle
218 sodaticns ot the oolovant oonditlons are noed
avatiablo, ond attespds $o Ohiain sush indoroation Dyom
ke pamalaoturers of Capelia D 083, The Dogent 011 Goe,
Iy y and fhe maoulobturare of J18, Bede Inbonid o

Wemonrs & Go. fae,, 434 not oot wldd ony scioess,
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G0 Rayioigw Hendor

| mwnﬁdm mmhw* ﬁ’aw the flow xﬁi‘ Qil amdy
ﬁwmnﬁx tmiﬁ.iim*y Tabos aahmm ﬁm’t :&mmw "",&ﬂw w}um
ba expected,  the lowor viscogity _3@%@@% a&i&:&;mm:;
of oRi~E3lE aolation, mrkﬁz cobribase 4o dnovensidxy
Reynolds swiber o o walue which oy L du the
frenatbion veiige, Purchoy inefeasling he cumploxity of

Wity paealidone

‘iﬁx&ilﬂ th éﬁiﬂ;}lﬁéi*&y of the problan bimiscs
o thooroblead solutivn, 3% voi donsideréd o nonprobunsive
serlon of weeults would Bo weoful e the destgney of
e eapillloxy tube as m shierebura Lo fron the ofl
separatol $o the ﬁ‘m‘wﬁ*ﬁmm? Graniesase and weuld sovesnl
ehe nagnitude of tvends and $ffonts whish ab plesent

e pabhers oF surmdso.
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The puppecs of Hhe dmvsetigetlon wne do
ompmtag the oosedBlitddss of uslng the soptilers doboe
ag nr oll soturn Yino feom dhe old popsontor o tho
LMOPUHSN0E CRAnRKennn, \,m provida o sdels subaditute .

Lo Sl valve pecshoandas conmonly usod.

The pupeednente wa, dBeretiope, dosdaned b
preouve capprclonadve divka on She Plow of olields
seduddons sl sopillopy twbos of warious Bores ol
Lenrthea, Heoanas of g doarth o8 pbldshed Sndormatdon
o B propsrdles of ollsrofeisavant solabloniy 24 was
naoetssry b gake cokbadn aamasptions dn compiidng the
gooulis. Whe menofocturers of the odl; Tho Degsih
B1E Qo Bhde, and the samufacinvers of Hraon 18, X,
imgPont Do Hemodrs & €0, 300, woane wnable $o enpply
e dada nonded on oroportien ot o rolevant

tonporatares il prosoures.

Gomporison bag boon vado Dotwomn the
fadividunl reoretical ad antind Slows o8 odl and of
Bl
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e it “M‘fﬁ AL SRANE

Uxparionss provsd that &% s neosssnvy o
modify e asreal wefvdgeoration cdrondd o enable
pEpoeleants €5 bo conduoted on the Moy ol ol 11
goludions Tho S@fioanitlies fnood wore now ond
wassnsl o the oxporisental f4aid of refeiperatdon.

the twe podae psguireuents wors thad the
plant {2) ehonld bo oapadlo of sfvenlating levge
auontitics of odd with rofpigeront dn solution, and to
melntodn the Bead and suation pressupes £or Boed
poriods, mnd {2} to bo able to moomore the grontdiios
of GAS end BiD agugmatnly ond wishout affoating the
olvoits

2ol Doamuyonent of Mass FPlous

The problom of suse oy poosnpsiend wag browe
Falde It was ppcoseney 0 Imow the oxooet Quenbity
of oil Llowing thueosuglh iﬁm vapddlary fube, wd 40 won
sloo sosential to kaow the quonbdty of RA% dlseolvod
A e AL thuae Slowinge e usnsuveneits bad te bo
poarwd e oub withoud affacbing ths Aorauit slevge
signnbdfye o0 O Staturd the angud el

conditlons of operntlon.
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The mothods eongidered woro
{1} Hotaoter
{2} Donondowy cvoporntor
{3} Dodlosotivs POosrs
£63 Fhotumalontyie Seniporison ws:l;m %E.%%m;dmr;’si Fotnsions

| | /o
{83 Ceavinetrdo Sampling

{1} Dotomebor « Ghe votaneber do weed often 30 the
mesaptivomnd of fPludd flowsy and de ressnnably oounrabe,
whan thoe physicosl propeytios z;aaz? the PRUAG ore O,
Er by pwmmx!: aate A6 was zmmmm:m £0 & wesuwm if;m
how off of hid mmmmm m‘? W&mﬁm; mzumm K
ponoontrations ame.r:-z ad i Porent wmwwm z.’md
i:maixmm%meam The phiyed ant w@zmrﬁma @it oL mu} Fili,
individualiy, are hnown, but virtunlly sothing 4o hoowm
mﬁmﬁ the phyaicel propopiéies of odlei1n -wmﬁﬁxmg
apart from tho elomentory fact thet acmmentration of
pil~R12 sointions have B0 b bnown befors nhy atbonpd
won b mads bo prodict the proporiios of of2-000
golutions,  Goowlng the conoontrotions dn wme wis o
prdnn ronsioeiaent, Lt proved dvproctiosbios
thoyefors, B0 osd tho rotasetoy for Flow poasoronend
I Yhils situantion,

{2} Sho Secondary Dweporator was uwied by souos provioss
Anvostisators do measure ths flow of rofuvdcoronts i

thds cguinaent the ovoporider oiln ave placed in an
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dnanilated vegsool, e oeeldng losd dg providod by o
BECORANEy vofrdgerent, heated by olootpio ﬁ‘:zfsmﬁm P
aondensed br She svaporator ondle. “&xffs POWOR 'mmé;
T o Deotors Ls monouded, The wmgg-{maﬁim fmzﬁ%&m
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Fi‘o 3

Photograph showing the Nitrogen calibration
arrangement in use,



80
S S, Adomrhoess Vory sunll fesds vore osed shon
Gedlldns by roduss e oG TRXPRe. Hownvones 38 1o nob.
pogadhds 'iw;; -@Wiﬁ ndd Dupwss o Stoud pland wito passod
flyeonady tho Lopgth of tho onpSilory tube nobed as o
eablefontouy Yosner. T whes used vee fmndllor thoss
the hore of the toho, G.025 dn dlaneter wive Pop the
subo oF 5,098 4n Ty 0,000 o diomobor Fop the 0000

1 D tubeg  and 0082 do ddavoter wipe for 0,000 In

A3 e Afrer the holos hod boon dediled tho
gonngobions wors sdivopessldopad, Dpecinl ffauge
avhsnestiogs boad to bo doslgioed. T poducs tho

shoness of hoat lowo, Bhe lenst msound of meterfel une
waed, bub 4% had o by styrodg shough fo bold the
pregarre pad pedca the omooiion pHvaihice &
dotndtiod doowing o dae gouge orinoction 30 given in

i'in & )

The tube wos then tesdod fro nddrogon prassuse
drop, oo bhofore, “hoe twd prupsnys drops wies
pompored ond 4% thoso woro sensohobiy olopo, Lt wae
ageumed that 4o progaars tnp holos Jd3d nov
ppprocdably affoot the fiow conditione, Biney
adbropon celibration ongvor ave proscoted dn Sdge 30w

ifhe



L
,t-

MATERIAL.: BRASS

i

ASSEMALED VYIEW.

Fic. -

DETAIL. OF PRESSURE TaP on CARILLARY TUBE

NOT Teo SCALE

81



Tl Proostes Gaugos 82
Sircot sopding Sourdon«tuboe prossurs gouses

wewe woad fop e presgurse sieasurenents ol the

waadvers and the prespurs hopo,. Fow dhe 832

rogetvory aloe, Dowrdon WO DRonRuse SONERe W

uoad, bt with o sowbdnnd progonre and T

sadlbrnidon. Ty penges werd mumeieobured by

Hoagmss Pe & Ay Bbswerd, HTds Slaegoire

AX2 the gonges were oplilpatad, bedoro Bodng
Metaliod on the plont, snd aloo ot intorvals, Dy o
Dosdd=Folght Poopmae Souvge Tendar, The vaouwam
FORYERE whidels wors gradaanted o wend dnahos of meponrgy,

wors saddbentod aindnad s colwny of norodys

ALY gampe woadings wosro eonroeebad frow Shody
facdividned  eoreection grapha, bedfors hodns oboed 0 oy
s donlatlan, SEL peesgurss Popoptod, A btablcs and
Srayokats féa’%‘l*éﬂiﬁkﬁi&?‘ whabed abatlinge vprosonree o in
LONHO DYeBPet, aveithe corvoested prespuress  The
abaelute koing obdodned by addingy the hoavanebelo
pEmesphicric prossurs of Lh Aoy b0 ho ocomeastal

IATAID  DIPOLEEG +



Fig. 5
Photograph showing the sample capillary tube in
position, The pressure tap connections and the
thermocouplos nelderod to the tude may also be seen.
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rig. 8

A photograph of tho upper portion of the experimental
plant showing the H.P, mixning receiver, the oil pro-
heater, the operational gauges, and some of the
mamerous valves,
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A photograph of the lower portion of the experimental
plant, showing the three R12 receivers at the bottom,
the glass oil-receiver at the lower right hand corner.

The sample capillary, lagged, can be seen at the
upper right hand corner,



ipther 8

PRSI, BROOTRERG



87

Eia FEPRGTMRERAL, PROGROTRT

Sy, SO0 donts wers ondnobed with edd-R18
seiuvtdons, and neayly 100 osldbrotion fosty wsliy
ndtropon. This lavge oouber of towts wae muaie

possible by the new teckmiduns devoloped.

243 wue antyoduced dnko the gyston ot e
odd pessrvolr, twough the odl ﬁﬁ;m@m The odd waa
then tropsfonred %o the oll pre~heator and
subaoouently o the oll aixing pocoiver. Fhe
tronslars wvore obbtalnod Dy oraating peonsure
differenses hHotwsen the reosdvers wHildeing tho
oomprapsar and the oporation of the approprdats

FHRIAWOLN,

When selfioient o3l hod Doon Antroduscd inbe
The oll sdxiog recedvor, A0 was hoated Ly moeahs of the
prtocnal oloeotrioal hoating colls. Ty prrasoury wag
podaed ond ondtdadined by the coppoessory  tho
refrigevabt-pasatng through the odd helped to obiolin o
honopengenus solutdan ob o Dod0orm Henpoerature. ‘the
rosmbvar was fhon aodntainad at the donparataeg
dealpred with thoe help of the heators wpl the oooeling
nodl an mamié&-g tha desirod prosaure woas Dndnteinod

with the holp of the onmupressor,



88

Bofforo aborddng the bosta 4% woo Booossosy
B sdiow oulfiodant ioe for a sedturated soludion o Do
andodaad ob the dosdered presours and dodpoerntaro.
one way o8 nooarbnimdnsg whother o ooldndion wao
soturated wno 40 dsolobs (e racedveer by shiabtdng tho
apprepedoata wolvoa, mul A o peegovse S8 aod Pnii
whd e dhe Sonperadture vns aadnteined Cho solwdlon woas
aatusbod, 3 s molution amf{sﬁ z’;ﬁiﬁk‘%ﬁfﬁf‘&t‘&’ﬂ?ﬁi@ Sroma W o
eagutd fall dn preossove oo B eapang wend dndo

nolotion,

Fopto wane condnetad ealy on sotueabed
sedatlons, so 4% woe pesedbio Yo eobilunia $ha ofIl-0328
patio Yeoom so¥ubiliby ohapbs. SMOmmTrsLnnho woro
st of the and proguota, of $ho oil soduerated WAL
BEE ot the lowor prossuero o fompodoatine 1 ke odl
wonoadenty, pnd vhe oappradbod BA2, The BRI2 obdldld
giasolvod A the oild s accounded Do 40 enZoulsntifng
e gquantdidon. Fher stonomured o3l-R18 satlon hovoe

Do osupoped wish fhoese givan by HBo solabllity chavts,

Inteindtiy dha ol rocsdvoer ouabaliinogl o snalld
Rty of .00 solutdon, ol fhe roposdadng voeluwno
wad Fiiled wddh BLE vaoour. Aaaocunt hiang o Do dalen
g Shids RIS auoanbddby when e dolal guohididlon woero

aalaunfoatady Tadddad meastarocaronbs woepdo tfalon of Bl




Fig. 10

Fhotograph showing the formation of fyroth in the
upper layers of the oll-R12 solution in the
receiver, during a test. The froth is caused by
the reloase of R12 vapour from the solution due to
a reduced pressure (lower solubilisy).
Moasurements are made when the froth subsides; the
solution having renched equiliberium conditions at
the reduced presoure and temperature.
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rig. 11

Photograph showing the readings, during a test, on
the pressure gauges connected to the prossure taps
omn thocapilliary tube. The multi-atation selector

switch for the thermocouples may be seen at the top
of the panel bdoaxd, '
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9.2 Preossure and Temperature Distribution Curves

Pressure and temperature were chbserved along
the tube length, at locations given in section 7.6,
and wvhich are also marked in the following graphes.

Vhile the pressure drops in a pattemmn
normally expected, the "temperature drop® ocurves show
an increase in temperature as the solution flows along
the tube, decreasing in the later sections of the tube,
The possible causes for this are discusseed in a later
chapter.

It may be noticed from these graphs that the
temperaturo remains above the saturation temperature
for R12, throughout the entire flow, and therefore any
free R12 is confined to the vapour phase.

Pressure and temperature measursments were
made on all tubes teated. Since the pattern was
similar, graphs are presented here for two tudbes only.
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e Vapdntion of Plow Babes elth Hond snd PBnek Prsasiro

_ The ndividan) maas flow rates ok pli and of
R12 as ponponents of the solation, and o total nass
£low pate of selution axe proasontod dn graphlieal Towis
as fsncdions of headl and hask proszsuren, and dnitind

Lanparn i,

The total wose of solutlon ds the sun of the
¢33 and of 2182 asporatoly golletted ot the end of sooh
pLs T o Thia 0dl anlloatsd dn tho okl peeniver i o
saturated solotion at that praspurs ond fouperstors,
and tha peroentage coposntration is taken feom the
selubidity gurvo, Clge H0. Thn density ol fho
soelntion in fabenr Prom the densitv-110 consentintionm
fenpeiatyre relation presentod by LOSCler {21}, Pig.
520 4 ip not known A8 the odld usod by LBPSler wos
the asams as Gapedlo By But any Gdferencs in ﬁmamim
i ldkeoly to Do ampll, This was the only pubilshed

inforuntion on thy dengddy o 0Al-R12 solutdons,

The dadividual asuas Flow vatos of BID voapour
aml of o) andor nAfrogen Drossusre worn poasuirot nlas,
and aroe aonpayesd with the poss flow rates of 6ll with
Bi8 gn solution, fMas. 45 and B8,
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100 AMARNGER & DESCUSSION £ RnuLms

The rasnlts obtatned dn the il soxdos of
tepte were wore cocerade thon the pasulte feon tho
prolioinaty soriad, herefore the prosulia prasenbod
are Tor the five capdilory tubes tested with the
modificd apparatng. The aconency of the oxporduentnl

Mow rates are sptineted to bo within 1570,

The Snddial ooncentration of Q12 wvopoue in

the ileRi2 golotion vaeliod deponding on tho prosoauro

ond tompevatur, Tha sange oovored i Thons
srpordsonts won Seol oboat 500 $o 108, gy

goncentrabiong ohininad From the daoulds aroc cleosa 40
the voaluoes Seon the pelnbilihy cussrses the oonoentrations
simpstarsal ore sopored with dhe publdshed apoph of voluos,

tuble O, appondix TIY,

el Dmvmauwn opd Thupodature Yoariation

The prosasups ddstribution paoowind for
dlfferand Inlot bompevabinerss for flow bwongh tubo B,
G0l dn TN ond 5 06 longth, ond fube 9, G080 dn XD
mad & £ Longth ave prosouted ip flgs, 17 o 25 and 26
fwr 30 wospestivoly. iy 1 3;}33&&&%11%& sy fotiporatieoe

Metributlon cmevos for thoe othor tubos weroe sindliarp



el thosefore o el prosonbade 136
Cho Metvibusion omeves Por 30090 ddeb

sosporadarae ol theso HBooly prossuvan NG, 56 aud 28 pode

avo plven dn Slow. 37 40 12 and Mlose 86 to 28, o

tabeo 2 oond 3 sogponbivoly, They S Ednd, G5

camenmtration An those eosss wordes feom 28948 4o 105

apoirontmndinty

Tha pressvgn dlobeitation Top &;{‘éﬁa‘"‘?ﬁ?ﬁ “daloet

Torpminiies apbeae 4 flose 2D G0 22 a2 fa Bl

B Andbiel BID concentwation dn dthoon oneon

wmedog Sroa B to 150

Ehe pyossaups gyoecddents Do both thooo inloy
fonparadivves opto slallae, and 44 2o nod foacibla fo
preddad tho bogimdng of Soephoss flow fron thone

curvan, o ovoly 18 fwosphano Fiow onours.

The B8 convontyatdon wao hlohor for tho
lowew Antidnl temporstnsa of :i%*’é’?, ard An ERops Cnaoo
voviod fron 505 fo B850, and the progsurs dlgtributlion

wamrans asc peseontsd Ao flea, 25 4o DS dand 80 to Sh,

In the ilow of thoge high concondvndion
sodundisns 1% As OWaerved o prossuso vendinge noae dha

U hutn ondt worre Jowor thin thio pattern douonsiratoed din
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iy lowsy oonsendvadion £Lown, Py thie prao Andsiol
nroEnirs s and rodunodny ool prosomive of 50 59 ond A0
padare thin phepomunon 8 soes oxaninomd, e oonid

has i poesdDie polnd Qo dhe cstmmocoont of tyoepiingso

LAYy TRors mey Bo o fossmtion of B2 voapowu
»olansed fron solutdlon, whiclh weald amuse ohokings ond
v GRND AN DRORGER, Pads tepionoy wondd Ao

with Lowon Broli proseaxey o8 olsotved.

e hemperatise ddebribubion for 100%0 dnlan
wiee provented dn fige 10 and 28 Qop fubos 2 aed 5
posnoehivalye hoae for 15@" oot 3EGTVP dmlot
wemporatirs aro prosentad An Bipa. 29 amd 88, ond £igo.

2 and % Poanmnobiieedera

It do observoed Lhet dn ol cnsow, tho
tomperatsrs vooonded 2 Ineohdas afiax onbenues Lo dowor
thouk Giot ocindaiied S $h 2e00dvoit. B fs aloo
ohaorval ot A aluneet ol cugas Yo dospoentoro wdeos

odone P dube, and fadis oagnin nopy osit,

The £all in benmporatuss ol aibroanco esn bo
eipbadnad by Vhe Loss of head ol ondmosss soasitgg o

whge dn ehthalpy of the 338, Sor an addabooliio doon da
TIRNEHILIOC . 4 Wdgher onilbinlpy oF 2322 woadd soondd dn
& Iowor antution teaporaturay whiceh da oboeresd & 3nchos

FAAE Hok LA 63 7TV 3 T L0 Gubsespuently the lower soludion



Somporaiiare windd ons o Jower aailndpy of B, ‘
wadadng ¢ho Posgpoendtde B o podnd Loss dhon Godoro.
o einaImrede Wibe elternstlog wion and Sell dn
Gmpayatars . A o Seenndond eopdition off vory shopd
Swpetdon, et A Ao obwmowedd as B Sludd Ao flowdng
sontivwouniy o phoud 1% e M ftieon v tules only 2

R

Dot ohoigs G fonmernture ohserved Lo lesa

with Avwey BRot foapedoinre il Shoptor o

“he tonporaituve peadient For pawe il Sl
ey sdbronmt prsoaueos shows oan oluost fooibhosaal
Frov, onoont for n onali Mwronot od aatvenes ond n
ﬁmmw mandl dosrenss af oxild, probably due w the ond
gonneciiol PLEolge, Thn bewmpesntues gealiend Sop
the Sdow of oubpn RIE ooty showed sl Aressonnn s
senporcbure along e tebe d falling oaly seor e
amihe due ogaldin o the gl SMBEng. Yhie oot Bo
oorpladasd Ses Vhe foed et Sydationed done Fop BAR
wapuuy Ao gronbed Son hat fop oddes  tho pias in
seoporiture for (12 vapone flow 3o den Yo hoot

aeneratod By felotlonal lonongs

0 da popadlie dhal e adise dn towporaiunre

af Bhe godubian 4 Gue be ot Cren frdodiaemd Losonn.

Bowover, thils o wailibely, bofrg 36 aoluation 2313 s oot
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lonetie nned Towag, oo paroanhed

He fth, Feann Bhngs geapho Lt 4o ol *"m
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HohoY nnks flow pate voardao aligend nn @

iy wAGR voresing hond prosetee, olslts the
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Fooow head prossurey palg

oy
4
Sir

(By, = R0} 48 By > 36 podg. ov
w {B4G ~ By} A8 E By < 230 P

¥, = ook prossuves polyg

& v AniAlal Senpoeature of colution, VF

A% w [AA0 - %)
& o indorasl Medioter of eopddlary Milbie, Inchon
Bow Aength of copillopy tobos T,

Yot thils egueddo Thoe o Ploy oF odl-0%0
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the straipght Line oudwith the hoemdl prossurs range of
110 o 250 padg. & ooprrection factir ia thorefors
Interoducad i e value of thoe oomatant O, when the

progsoars 1o bholow 110 peio ox lghor than 1850 poie,

_ i _
Yailwon eploulatod asdng thils aguation orxe

oatiuated to bo within‘lﬁﬁ of tho rosults prosentad.

Adthough the todal wens flow varios
asppreciably with chonges dn fnlet tanmporsaiura, thoe oll
anmyananﬁlof the £low rote 48 not affooted grontiys
the change ooeurs chiafly dn the W12 component of tho

£31.0%,

The 812 dissolved dn oil roduces the
viseasidy of the oll, depending on tho concentration.
ihe conammtration, for tho sane prossurs, dacronsns
with inerense dn tesperaturoe., . Thexefore, the
vignoslity of tho solution ftonds o Inoreaso with
inovenss In fouperature, sbhile the o4l conponont gives
n counterbalancing effoeck, as on invrasnse in |

Tomperatitro eauses o desrease In thoe ol vizeosity.

Goumtpardann batween the £low zobe of pars oll
undor nitrogon peassure and the odd copponent of the
oAleR12 solution, 5 figs. 43 ond 43, Por tubos 4 ond

5 respectivealy, shows an inorease of about: 109 Lo 206
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in the Dlow rate of odl when 1t 45 o conponent in
aofution, madnly dae to the reduction of vidcusity

by tha prosenco of RIZ An solution.

1G. 3 The Gffoect of Spek Prosasare

In ponoral inoronsing back prossurs producesd
the mnsg Mow rate. Thirao basll pressuros wors nsoed
dn the tests, 10, 30 and 56 psig. The roduotion in
pss Tlow vhon the pressuroe wos ralend from 30 4o 350
Psicte wos loas thon the raduction in flow whon the

prassure was ratsed Trom 10 o 30 padg.

Nolstad and Joxddan {3) whon invostigoting
flow of Ldaudd HIR through the exponsion caplllary
obseryed fthat variations in the ook prossure Ald not
affect the mass flow xrote to any ppprociablo oextent.
his deoes not agrooe with the prosaent obsarvntions on
the Flow of oll-1i2 eclutions through the oll-roturn

mapiiimry.

L ¥n aone onses two diiferent nnsse £low ratﬁé
ware obtained forr tho sane oxpoarioontsl conditionos,
Bueh podnts avo indicoted in fige. L%, b, 7 oandg B8,
They wore invardishbly for tho lower buol: prossures, sl
“Por tho highor hoond prossurss of 160 and 3140 pade,. |

ihile one get of presdings nre congistonty with tho
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gonoral patlenn of fPlow, the soaond sod of reodings

agive oconadderably Loweor uasy Tiow roatos.

Howor baok prosaars, in addition o providing
8 preator prosancoe difforencos for the Plow, nloo
increased tho possibiliity of QA3 waponr aopoarating from
the solubtdon, Dooosusa of oven lower sodubdiléy. sy
HEZ waponry Domasd and the renaining solutdon wonid thon
be o dwowpinee feothlng Slove “Tho H12 wepour badng
of wueh lower densiby, wonld acoomnt for the reduction

1 flow rato.

Fhe odl-R12 aolution 1s ropsonably stabio,
and super-antoradtion noy oosour, perpltting idandd Dlow,
ao obgorvod An most onees wliero the podints fall on
agmooth cuprvos over the whole range of prossurce
differences, However, 3¢ thore is n disturbance to
gostores ogquilibodus doe $ho supor-satureted solntion,
waponr will be fornmed, énﬁ twhephnae Slow will oooux,
A;xe:i achaoryvod, Dox esome of the tosta at 10 peis baok

prossure, figa. b, 85, 47 end L8,

Tha twosphisn flow of 0ll-R12 solution is
nupmovaporating, snd therofore theve is no dndioabion
of gooldng dus to ovaporations honco the temperature
dlsbribuytion aurven do nwot glve any indication vhether

oy whord: fwoepliose £low CcODMONcos,
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103 Bosign of Sapdilary Tuboe O3i-lioturn Dovioo
A desdpn oxooplio 35 glven in Appendix Kl

The oll dn the soparator 4n conaddorod o bo
n astuarvabtod solntlion of o83 and RIS, sinos axcoss (10

1o sdways prosendt in the soparator.

Thero ta o loakmgo of LS vapour. whesn the
oapddlary onttonas s not Clooded. X% da shown thob
this Loaboge is annld and peesissible wder potnnd

Dyl

The theoretdoal loss in rolriperntion
capaelty ab tho worst conidtion, duo 4o the oll-petun
supdiiney ravsing dey, d8 entinmatod. L penetios the
1oss will Do further roduood becanes (1} o4l puaped
nver wlil not bHo éﬂ dow g hadd the dosign capnodty,
£a} tha Q82 wapouwr wili nod flow separakolyi  thors
@il bo Inhoranittent Flos of RIZ2 vapouy and oil
saublion, rogultdng in twn-phase Tiow, o copaeity
o Yhas aag%&imry fpr twnephnse Flow 4 considexnbly
ilowar thon Lor aingle phase Plov of solution,

{3} tho oil pumpod over ie low when the dischargo
prosours nilis:  fhis will roduce the aayéﬁity of the
capililory An twuo woys, {a} dus o lowsr hoaad DECHSUDE

and {h) due to lower salubility of 22, the viseosity



145

of i aolmbion wiil dneronoes; eoduodiyg the flow peto,
£8) she endlisry enbeoton ooy bo oo arpanged thod tho
Leant guandity of oil solublon ie sulfiolent to Pleod

fha oepdilany eRtRaBeo.

An adddtdonal advoivboge o Hhe ollerobiom
eapiilory Gl s Hos, Doelny on opel resbeletion, thoe
annliont dnoveono 3n the ol loval dn dhe sopseator
wiil sufiios 09 Pload e capiliowy andpesiee gad Pamiie

the flow Dol

In gyabens using the velve mechandsme the bell
o Ploet fs actustsd Dy the odl Ioveld 3o (ho Bsoporpbor,
therefore the ofl muot abtoln o wdnimo leved before

¥

o wvelws opons @0 allicw the rotwn flow S oEE0H00

Whis odvondage of the apob capiliney tubho
afteets Hhe eanll loss An xofodgerating mgasmw “a
The edleroturn capdilany aldse offers thy advanisgoens. of
paduced ooat,; sinpliiolty is congtruation ond trouhios

fooe opornbion.



Shnpiaae A%

SO A1 i 453 ey A,
"?.t‘:“f\ } & LA } B giwg Fea f?|€},’r‘3'\§i;’.



147

11, CONGLUR LGN

1Y fhe mass £low rate of 012 thyeugh o eapiliayy tube
16 Apereassd by DI in enlodion, due mainly 0 lowey
viauasd by Vgoapt b hipgh dnltial concsntintinhe and
avge progssare difforencoes with Yow baok pressuros,

the flow appeosss €6 bo a1l lilgquid,

2l Wilth high aoncenteations ot hdgh fvdtial prossure
Al low booly proosguavs, the Dlow any bHo onatabln,
Bopmovaporating two-phose Dlow moy ovonrs  at other
thmee mwnder the snos comdtbions, Iigquid Cloyw ocosrs,

puaaesting that the solusisg da superesaterased.

a3 The ztiaaa Flow rate s not a Huanetlon of prroogure
difference only, ut slse of tho indtlal prossurn,
Deacauso on the Iatteor deponds the initial Wiz
goncentration. For a povticular prossure difference,
the variation in mass flow for a change in back pressuro
is spalld compared o that obitnined with a stndlap

A1 Porence In Inltind possuars,

Y Adthowsh the puass $low of solution varies
ponsiderably with indtial tonparnture, the otl

‘ somponairt of the Dlow Lo almoed conptant, Higher
Inktdald teoporaturs yeduves the ol wiscosity and nlso

lowors the BIR aolubllitys: lower aplubility inorecaes

o



148
- TR s PRI S % R, S o STVIRRENTRITNL  WIBTR: L JeCR ey BIL s i . S 2 iy 2 gt
he vhotoeliy of g Belubios. Thwns b elneds
.

eosberend sl ollier. obpiting o U alwbed aoneboond

Krow wats o8 $he ofl eanpohsat of sodudbor.

53 Binea the offerabtgn copdlliniy de oo apan

fontpdetion, shars do o baalingn of BLE enocar. when o

1y

wephilery oubvance 5o ook Plaexiads Thie eahoge 34
sgrker orie b fwo Blaes the woelght of 138 Joakod dn
godaddan shiot Tloaded, and o neaiipdbie voduntion A

vefedaperabing copadiiy rosukbt.

63 B de ned awocseney Yo deslon fer e oaasious
a3t pewpsd ooy cendition o abdads sodistantory

PRGN RS S TN FET R W

a3 S BindE Anoeeass Bn the ol Xowvel i sudflolant
to Fheed the aapfilopy 4ntrnnoen. Fenor T eetmr
FAow oy o oonbdisoss e e Hali o Dead

moakniten oy &N .

&1 Thee maps Slaw of oil-2432 aulabion s Do
sapenibed agwotuately Deon B wopdeduend eelotion

bei) A
i

whese Mo o moss fow of soluddon, Unfmis

ﬂh w Fiord peddsmeney pusly



149
e O30 Goth

tanfbe  0.000585 (280 + A £)0 (MW“““

- 3 ﬁgé’jﬂ " » .
£ s £ {}g};ﬁ;( PAY 3 _ W meumor

i

apy a {By - 250} 4F B, > 150 podg,  or
B (13D - zh) Ar By, £ A0 poig

B, = baol prossure, polg

t = dnled Sonporature, o
at w {180 - &)
d o= ?mtamim'z._ didomebar of tobo, Inchos

Fooow Jength of tabo, foot

3 Tho vapddlaey dubo don bo used, and say Bow bho
dostinad £rom the cenprobonalve rosulds pooacnbod, as
ast dl-roturs devico feom thoe old soparatsy 4o the
SPTOssn oranitecnaso, providing o ainplos troubio Dreo
aivd geonduio osubstitata o the volve nochandss in

gonaral ane ab prasent.

10} Tapiliary tubs ddmonsions fop ovapoyabing tuom
Phago £low of wofviparant, s in the axpanstion caplillany,
ar singlo phaso or nonsovaporatiog dwoephinse flow of
allwgpieiporant solntions, oo in the oilerotnmn

oaptdlary, miat of nesassity bo obrvtndned Dy oopddicsl



150

o samdemapiriend dendet. Honee verifloatlon ond
devolopsond w111 Do by sxpopdoont ondv. Ltyamen wili

Anpatd ot adagnte Pacildidoa o provide acouratds
aeddencn, e expordnomtal plant deaoribed o the
Flest developnd 0 dnvestigate $he phonopalin 0F odl-itla

soluntion Slow.



mpytny LB

AN Xt
37w 'eg P Rhe

MRS RN il
Fohayid D 1



{1)
{n)

{23

(i

{43

FARE O QR DRENGTS

SRS CGulde and dnts Noeoln, 1501
?;fxmg:m?amszm.‘m s Begndpwond

Preftelis A1 Code for Tonmperature
Flesmmmnr ooy

BeByile JUDR1IVGY. Lottow Symboly, Gions osnd
Ablpevintions.
Bapt L o~ Jenoral
opt O - Spplicd Thormodyinsios

Biaanlaahyniay 1l fHntendation of Ooapilloer Tube
Beateriotorss  yltehndal Didabwifd,
Gote ADOT, De2L3

Bolotnd, M & Fordlon, Rebe Thaoey oamed Uno of
$ha Oapdliogy Pabo xpansion Dovioo,
Paet ¥ o Rofelporoating Eopineesingg,

o 1043, poBID
Bart T « Hafploomabing Dngdneordng,
-;?%n:. 0G0, DY

anunetitg Gatla Prodioting tho bebnvdor of G420
#n Refedgovating Urstonies
Roefedgeratdng inglacerinn, Fone 300,

The {%3,?



(7}

(0

Ao

§13)

Boopers bms (s, CaBe & Dpdolion, VeHs  Ofmple
Boleotlon Bothod fur fapidlosdes
Bopived Svom Pyadosd Floo Gonddlons.
Refpdgoveing tnpincordnge ke 1987,
P 37

Biommnn, Had, e Drosouro = Volume -

L Perperatien Propantdne of ehn Peoo

fompennde, Dofelgorting Sugdnooceing,
Hoys 1951, DG -
E%’aﬁé;ﬁ#‘%m;ia %@r.ﬁ; Tho Plow of Blelhdoredifinoronotioge
through Uspeneton Dovices.  Undvepsiiy
S A mmlmg Welis Yhosio, 1061

Gibbe, Ll T o Copdilewy Tubing Hode?
Refwrigovating Inglnoering, Vov. 3850,
ﬁﬁrﬁf:»’% S ‘

Coldabadiy. il By .g.;;a.:mm;m e Dufrinersit Plow

5?%‘&3’(&&&3 An Thooey and Peaotlioos
Hodern s,;%:;:gm;gmmmm Folse 205E, pehild
Hootmadty e  Somo Iabriootiing Seoblene ol
C Refrdeovnting Nochdnos Badng Refedgerynny
e Sournal of Refrdgorobion, JundPeb.
ER00, e :
Eimﬁmx% Fleiin Saking the Destyiotor Tubo
Reodvd gorating Inginoesang, Bov. 1060,

P 353?‘:332?



(343

{253

473

{an}

(13)

| 154

Hosmmbamtweiidly Feds Frmfogriannd of Hofwipopaiion
Paradso b, '?;;4& Pimad Rosteiction Opovetlng
uitdoy Vardablo iﬁvz:mg#s&'a"é;m? and Condoensag
gonddtlons.  Jotenod of Befrdgorndion,
Mo/ Date 296%, pei2z

Bendnes, Dt & Pornelosn, L Sehovior of
Lnfedperants 18 & 28 Sxx Soadoad-lwbe
Posmbae  Hofpdgoradlng Daoineepdis,
Mo, 1007, paio |

othropy (P  Apslicntdons and Shparnotonistioy
aff Unpdilomy Pabes. Refpdgeratiing
Drierdanootdig, Auge M0, pe2nd

Loty % O Dodacn, TE.  Pondamentals of
Befedgoronts Mpdsy Sor Preon 18 and
Broon 28 Syatem.  Befrigorabting
fEndneering, My 1092, pJ09s

PArmGg O A Wow Methad Doy Qontyol i
EoRedaepating Mnolidsoes wlilh Capidiaryr
Bube Rogudoaddon. PIEIEh Smtornadionnl
Gongeoss of Qaleigsratdon 22453

Pdemvingeg Deke Yha Addobhadio Plow of Dvapornding
Fludds An Pinosgs indversity of Gdospoi,

B Ulsnndo, 1952



(A

it
i
L™

{&-w}

{av)

Miseary Weite  Prosswro Dyop wlih Gl

Ledthle, vies | Vaoanadiy of Tawilontlng Udiw
Fpoon 2R Wintowoss Heledgovading
Fagplosondng, Sove 3088y peliid

Botihory Heds  She Sposifilo Woight of Ol
Bodeodgerant Mistuson,  Kaltotonipndl,
Phare 2059, DaTO

o of Phipee

do o Doplilapy Pube.  Defzdgorabing
Eﬁmg&nﬁﬂsﬁiﬁ;ﬁ, Joasa AOG9, 953

Moty Wella 'i‘%-zz-fg:‘e‘:s Trenondasion, uad odbblon,
A fﬁ%, olivoaiail Hooh Cowpaby, 200,

Mok vmmmg oty y Hidtoaait, Bade g% O Prol,

Plawtdng Jade  The New Thormodynnuio
Ppoportion of Proone1d  Bofelgorablag
faypsttocpidngs Sops 1085, pp. Sn-by

Pameptey Pails Hoteatble Plow of peon I8

Dovsigornbing Eosionesisic, mw D53

sy RO

Phopwo, it Uhe Ooof@iclens of oot Tranoder
o :;;-;z@mmﬁ Proons38 in Hopleoabdnl
Tubos,  Heotidmg and Ade Yeonboacond
fmgineu, THoce BHSG

Pedonton, B  Eha Delavions of Labhedeonks i
Hofigorpidon Conpranstrs nming Hanlogon
Botedpeeantss Hudorn Boldeilaorabion,

e&ﬁ’@& Q}tf}ﬁfﬁﬁ ?glgu:i{’g



{an)

{a9;

£550)

£am)

156

Doasptifng Fable & Prostiosl Hothod of Soloohing
dantiiore Tobog,  Bollvigopnting
Epodnossdng., Juts 2689, p.ohb

Pind sy Pelhe - "‘Zé?@a&*?mi&.mﬁ: Flow of Al Theoogd
Gapdilowy Tubos.  Sefedpevobing
Fraprissonedinge - Dobs 3000 DWOE

Brgbtle, Mels 080009 of Pratanfere Wlontanes
dn Panld Hefedaotailion Sonpuenonoma,
Fongrend of Hofelipoynddong Sopffet, 1661,
P98, |

Biaoblor, Leds Thoosy apd Yoo of o Jopdilagy
Taho. Pop Hdondd afeigseant doivivole
Dofpdgarating Saplnoordng, June 1048,
Tre 53

Stolndo, B Pophing Boefedgarating 0kis.
Refwigerating Inglnessring, Oubs 1093,
Pra KOS

fenrde Bl dapillaey Tobe Hood Sroboengors.

Befedgorating Sypinaoedog

P RIGE

C Fhensson, SeBe e So0bl, Al B Lodedy Sl

Boralosnnoens of an Insteinaentd fop
Henosuragont of Totel 93851 Contond of
Bedder Pood YWebor and dbs Loplicsation

o Sespden taken Sean Bhidpe I Soevion,



Beyred, Waldlege o Sodenos O Todboolegy
Sloseonty Baliadlade Dopowi Yo, 82, 1092
{Unentitdoheal
i 3y Vollnrs Wells s Sodisuuniy, o8 & Booon, S
Bohowlor off Nafplgorant Oils vk
. Hepebaonedd (PeB2).  Hofeigornting
Tapdnerdiyg, Haae 288%, 223D
£96%  ubitosole Heda A sy Dursmiihini &
Port X o Sadeigomatiog Snsdnoordng,
Ao BONY, DR
Poah BE e Bolrdgorsting Prminoorivg,
Gopda A0S Deb
ﬁ?}?} Versgosiolnddt, B Bone (haractordotic Moy
Porrbornn ool Baad Tronslor of PRosn-in
Teapopnting in Horloonboal Tabom, |
Jemrned of Bofeisowadlon, MWar/bpre BU0G,

bl




S e

Somapdo Calowlatdons
Doslon of Biledoimn Gapdlinwy Tube
Tablos of Hosudss

Dexte Goongias Haod



AR
SPIVEINTR %

£5a

el Bhople Golonioation of Test Doonlbs

Honmueunonts 4n

{33033 Dooulver

A,

Bty {pada) bl W4

st B e O T A
v, w ) I 5

Barops 53320 sols®iiity olbineds Fige N0
GAd Wy wolphk ds

4
S onkk QG

Y e st . S i "
Qemyds Bing X35

Initiad,
B, 3
B

o

e

P i

95

Feon donod dvesonoaivipntionsbonoorabuy solodion fop
» L)

PR PR T sotakdon, :i?-‘:i.;?:..l 52 4

{an/on)

{ x 309

o o wodond of 03N sodution
£y 26 554

totd guoandity of il oollocted Wy =

Sty A, Oones

Wedotvh ol BRAE In solntdon

{1n) D OGHD

Mottt wolight of B2 & sclutdan soldoohed 7

ivﬂgﬁ




160

Toluwme oFf BER vapongr & the oAl sonolver o

Botad voluon of ofl woveivor, 2O b fass woiwsn
o8 polnilon ecollecthnd
L {oed 5t 21961

54
spned e volne of HAD apotayy O RoaDeaRive DIEGEros
2l touposandoens; Ceen prossasoeostinlpy chiagd Top RED
eV oY HRRGG
oo wdght ol DI wnpony osoellootod
B4 B, 065G L b

o o Hobf wolaht of B2 woponr SEwndly dn 4B oild

% aym &, o
&V@mﬁ&%‘-’%ﬁw “gm} B D dWANO
Qmﬁ‘m’i « Fhda ceeiybty of DAL fo ta bo oubbroodel Soon

e dotiel, as e wolght of B2 gapoar da e o3k
otalvmr ob inddisd conddtlons lo geonleor thon dhod ob
the $lael emadddlons).

%' 2y VAR Booylosern

poondvone A Bo0, Hon. 3 ang 2

Eresas {paia} Ly Retry
o § Yo W0 609
¢ .
wolunn {6 %, 007 10550

Spouieie *?m?mm G BLE vapour, e xoapestive coniltioos
o8 g'&*’&*’%ﬁwﬁ& el honmorabiess res presnnpawsinthzioy

hawh Doy 93D



161
{21 fam) 2469 e
oo wndhe of BRI waponr oollootod fn the U0 wscolvers
(e GO23 DWOG0Y
s e nO%E welsht ol RIS cnileoded o

e nett dotal welght of 12 collocted during Sond

ol notd Hotod weldsght of ol oollested dupdng oot

v, w
agatilon of oot = 2,90 winubon
5 Blow vake of solubion, B, o 0,925 ibfuin
Flow yato of oil conponond, b o P e 5250 A/l
ﬁ*:;ﬁ,m-_r a’:m;f-is aff QA0 poupononb, 1::3.3? s G807 Ibloin

Popoondons of R coneontyation of soluablon In .0

woocalivers, ot $ha cosnonooment f toat, fRon swnsuwad

entisten o % B R = BYLAD G

from solebility chowt, 45,50, HAD concentration e
o pR

Lo pepcontago concombratlon £ othor sanes agraon o

widthdn obont %58 ges tolle By appandls BN )

Fe® OoXenmdablon fop DIR "'%fr,s;@mm Fhoww

Wi sopuandion wasd to ealoulats tho flov robo

of A2 vopoue theough copdilory hubos was tolioR Sxon



162

Hopldne {13} solotdon for afx Plows

3 i LB ‘«,W-ﬁ?s ,s:fﬁ ‘
ade Biow (P67 mind o s e ] ()
1@? A&JQ R

who  is o constand
D = proganrs AIfforencs I sl
4 = dneside diamoter of dube, inches
| L ow  length of tubo, foet
tha Yodue of I usad Io 3.23% for BIR vapour flow fop
b & d = 0,042 In
row B £ |
Lo head proossurs of 40 palg aned baole peasaups of R

pale po o= 100

‘I. -
ot 118 flow (£87/mAn) e 3,895

m O,008% i‘tﬁﬁfmiﬁ
Pros prossupewenthalpy ohapt for RIZ spesifis volame ot
L0 pesigp and b Rt e

B C.E055 L8716
v e mase Flow rata of RLD

" . o 308140
B © ToR9E

anotuasl swastrad flow »rabo

B ™ Dod A2 Ib/min

i AT i




163

KA Honlevalation Por 13 Plow

Pog ddoguid Slow lwsed lost dus to feliodlon

7Y I

Bnoglteoting other lonsns, rictional loss sgonls $odénd

hoend Ioob

Beynodds naiber for odl Dlow, Seing oxpovdmental nnse
frow, Tox Labn &

W8 ool tobe w Q.040 In

Iength s 3 %t
i, w O.001 1b/udn b 160 pais
heod prassure snd 1509F intet
'ﬁtﬁﬁpmmtara
trd £agy now A ve
= fo.0%3Y" & 45
& w ner v SR anL-’n
' . F wo A5V F A {?%f:
' Bh
Hoynolds pasbay z% s 3*/"%&* w e il -:}‘ et
| DGIDT m 4D
24 o P sh <s€§,ﬁi€3€*}', thorelore, laninay Cloy friction

Cfnetor o used

I



£ e gfﬁ o m
35 vir ¢

substitatitg dn occuntien (827

fay 3

)
i

rourranging

Vom

now anes Flew M os 4 YW

substituting the walue of ¥V from eguatdon {I.04)

En)
LR oy As gheon dn mf&;nﬂ
a | inchas
%o foob
y - gontistokes

Ty
o @ 32,8 Ptfsec”

the roelatdon for i, b/ nin, voduons to

.8 poe: : {;
B{ibfmind = opm

e 0,9200 ~Rituile

Sowr tuhe B, 0082 dn 3D aad 5 0% longth

164
(Tend)

{iels)



s £, 3009

m 9015 x 1™ ..\%.E’..

1
»
o

Goloulotion fox Neynolda nunbeoyp for the Moy of
Al 10158 aolnkion, wedng expoprlmental qses Flow

oOow A Y (’

odng untss Flow Doy tudse B ot 100 i hoad pRGREaRG,

1578 Anlot bemporaturas, ond 30 poin boaols aeessuon

gaxe %,;% R () %9
sy
kR & ®4 w/fﬁ - xe

165



166
PIARTNER X

Bondon Unlonlation

EFrohylon. AR 831 soparator 4o wsod on g rolpdoonond
sompiesser, dischovesing o A0 poidg, 1’?&"51.% and wveloygy
Q38 ewvaporatlng nb 3{}%‘, the capaodty is 2000 Do,

The osyaten opoyntos ot D59 lond for 30 ndmiten overy
nour, of 3300 losd for 4 minubtes, 200 load for & ninubos,
5 dood for G odnubes ond ds off oyele for § ndnutes
ooy Do, The 0% noed s 300 S8, paphithenio boog
03 i & oapdllayy tuda In fa potum: tho oll fron thoe
separator to the GOmpInsgor, Stondoard 0.002 40 50

tobe 4s avatisblo. Whnt lenagth of tiheo S renuirad?
Folutilong

gonpideriag 2005 lond, evaperaving ot 3079,

i BLD olierge 3n the syestom ohovld Do

s G997 il Where tho lodend

heat of avaporation ot A0VF = 05,908 Dtudib, ol the

suetion goo hne o deynoss Srastdon of $.00.

Dxperdonso inddontos that the quantity of oil

praped ovey &8 & o P of RI1R by woleht, Seaadng



-
3

al 5% lond, 011 panped aver is O9% \ 1 6?
e wé}:l(;ht of ol punped oveyr |
H, = .00 x S.97 o £H,%58 1bSuin

This willd be design condition for the oll-retuen

aapdliary tubeo,

A% A0 pesig ddschoarge, and denporadaro i?ﬁ”@"
the D12 solubillity in oll de 279, fron Sig. 40

o » woelght of solation to be passed hay the pileroeturn

vapllinvy tube

Y Q:‘jg}g' 3 oy ; Pine g 1
13& # 6299 e U.52% 1b/min

{;«:{fnt@ = 5t onn be assmmed thiat indtdally e oll As
- saturated with B12, ot the dischorge peossure ol

sesoporature, bodng du the presvnco of oxcess R12)

Tadrnye the oapirianl relation deduosd frow the
sxporinontal voesultn obialned,

1 n, o @

vhere B s wadiht of olle31y solutdion, b min

#yy, = head pressurs, polyg

PR W
& 1 4 A e B4 A '
tan (_1, o 3.000685{180 + O &} (:’Mﬁ'f’@
and ¢ @ 0.0024(Dpy) - Za 832

{g,}ﬂﬁﬁﬁﬁ{d}iom;{ﬁ " 'ya};}_. B

By o~ 30
-

T



Feow vhnre the length fe of tube nooded off tnekde 168
diomoter &, muay Ho ealoniabod,
srbitrardly ghooaing o length of 4 04 of

% sum
Q058 A 35

BIPRY s DL ¢
35y e 0

tan & o ©,000505(100 + 20)%Y (e G
why

s GO0B6LY

3w 0,0000(0) ZaB2.

Gy

A i 7 S e M= e st
ilﬁ Zﬂ’ﬂﬁﬁg(‘"(}{i?’jit ﬂgﬁix‘?a‘-p{}}ﬂgt 35,,}

h

B e e EPS1

o' e My, 10 m S.OU0NE - O, 1901

w 0.9%5%0 Ib/odn
Tho flow poeagulved s 0,529 Ib/min, thesofore o shorter
longth L nesdad,
recaloudoting Lor 3 £ dongth, M. = 04035 Ib/ain

and rooplewlobing for 2 £ lengih,d, = 05225 Ih/min

o Bho tube An selooted 2 £F length af Q.00 in 20,

A4 the ayotor operatos with vory wot m;z'umm
mors oll will b puanad over, She oilepcturn eapillory,
haing on enadiustable reatedoetion, will acd roturn,
wndar tho ggiwm conditionn, worn thon tho Qoasles valoo

oft £, 5225 Ihfdn of odl-T18 solibion, Fow p shoprt



169
pordod ail wAAl build ap 8 e ol sopsaator, redusing
the old Sovel do tho COUBPRGE RO Hompaeguently o
doorenalnn anentity of oll will L puanoed over,
avontanddyr ogrel By Tho quoantiiy of ol wotugugd by dhe
srpdidory tulin, A oconetand Invel of odd wensid bo

cabnbiiohoed In tho sopatatar,

Thera As o sontdipuens laabage of rofvidgorosb
A podoidon whilo e afl ds Lodng seluenod o Hho
aomprossor, theoush the enpilliosy tubos Thie
Joofmpoy BOwovery 426 the oaue as w3Eh tho ununld Ly

off odd ooparator fnoopporating o walvaenoehoadai.

Hoveves, AT thoe syaton oparabes Dolow
sopaoity padfor thoe o3l panped ovor As ioss thon the
Aaeden valueo, o lonkoage of RN wvapous theoseds tho
anpddlory tubs wild ocouw, the ghnngo 45 tho |
gty Hf il pusped ovor ds ontd direotly
propovidonald to the ¢bango in the cooling lond of the
ayrubon. Assuming that the worsat condidtion, tho ails

238 solntlon meped over &0 hald tho desipn valun,

ﬁ'-’.c‘él' S

Gonsldordaz thnd aEher condddions O oporadlong
The dischoroo prossare and fonporaturs aod the anelion
prosenme oanet et iopads  Seme MG vhpoacdiy 0f o

pifezoturn capiiiney wousdns tho sands and the odl



el otrae o OL,000 Andutn, the onpitlosy notr pnosod
HAZ wopon ondye fow hal? the peediod of opotatidon ob

3

fhone sondtddonse

Wha HAS wenpony Jookngo de

t, (fstn) o 5.7 (027 = Ow523)

w S8R0 thindn
s the desdon capeodty of tho tubae Lo QW08 b/ wds
of R L-IA8 molutiom, fha 210 ﬁtmmmw wniden Sn e
aodudion hmm;g pede LN
{finte = 5% dn ohoopved from tho mgwms.umm"%, TSR Rt
Hlaak tft:w:: s mm-r ko of HID vapony only 4
approsinntoly 1.7 tdans the wodght of B3 than ﬁ‘.ﬁimm‘a

Hhough the fubo shon Diooded with odl-112 solubdon. }

This Jeatingn noowns only duelng 22 otnudos

£BUHRnr oty

[ 3

« U a Bhe lontingo as o poresntags of ool vefridgeratlon
poy hour 4n
D00 2 2 s

Iy

nm B e o'l el " IO Ay - 1 }J{g‘m
Gan?{D.08 5 ?‘tﬁ & Do 3 O % :3.,';5-‘& % 45 o4 Led w )

CEI 4 N lﬁif; i,’



AVPENOEY EEL

TSeblos of Roauits




Toex | TagLE Wef
0036 w. INSIDE Dia. 3 P1 LENGTH.
TesT PRESSURE
~° EntrY | ExiT Me Mo Ms
©0 == =) =N-a% 025 0292
63 140 =) 033 0137 | o110
ol 1Zo 50 ©c.020 | 0090 | o0 1o
n: e7 [=1~] e 0-O\S O -065 | 0.080
x| 56 80 =) 0012 | p.o%52 | 0064
oo & (== 30 g oes | 0 22 031
1 62 a® 80 0 039 o\ 01
4 71 120 30 0024 0.0% | I
ElL._72 [=]=) o 0019 0.0o8 | 0087
r-‘fl 73 BO =0 0. O\4 0-05F | O 0
%2 &0 T=] o125 g 339 ‘R0 |
Ul 53 a= L= 0.¢g73 | 0 179 0-232
8 Sa 120 [= 7030 o2-ul_ | pg.ral
" 55 loo =] 0022 0.017 0 099
56 Bo =) 0018 | 0059 | 0-077
7A. &0 50 o 016 0 1O 23
§1=3 40 20 0043 o lev | o143
[z (20 So 0023 0071 Cona
a = 100 So o033 0059 | 2.072
ﬁ 80 160 3o o o080 o170 o
s & (40 S0 | 005 o 4 | 0leS
G4 82 ri=) 30 2 030 o8l | o il
< 8 [=l=) o | 0017 0064 | 0 08l
- i, 80 30 | ¢:012 o081 | 0 069
383 e o | o121 o "% | 0.302
89 4C o c.ONe ©.3% | 221l
‘% 8% 120 = O 044 ©- 10 o 54
N e o= = 0029 | oo™ | 0126
21 20 I= o022 | o092 | O &4
& =7 120 sO o 059 o.107 o ok |
3 28 =~} So 0026 | coes | ©o09
[ 99 ec 1=} o.0s o0 | O ohS
=2 293 120 K= o065 | 018 1-x]
=l 95 | '©0 3c | o-028 | o | o 297
& 9% 8o | 3o 0.0\ | oocas | o 06|
I 90 120 IS 001l | & a4 .21
a 9| 100 > 2. Cc33 - 08O ' W3
e 9% =]e) f=) 2020 | & 63| © 03

17



173

Tuse 2 TagLEN° 2
0.064 w, InsOE D, 3 7 Llenat
TesT PRESSURE
N¢ | EnTRY | EXxIT Me Mo M
103 o) So Ol 0.4 O 20
|04 40 So o oS | 0380 | 0485
p o5 120 So 0. 067 0.312 o-379
5 log oD 5o o040 | ©.237 0:271
|£1 I 8o co 0.023 | 0.1 0-173
Oefa)| o Fo 0195 | 0-512 o-707
A -2 40 30 O 2% | O %10 0535 |
4 o8 | 120 | 30 | 0075 | 03286 | 0.403
Fllo® | oo | 30 o047 | 0261 | 0298
b3 | o | 8o | 30 | 0029 | 0205 | 0234
n o | o o208 | 0536 | 0 743
é‘ h3 o | 10 o137 | O-423 0-560
Ol ha | 20 | w | ©op3 | 0344 | 0427
@ 1S J=]=) o C- 052 o283 0-335 |
i 80 T} ©.O3) ©-230 026!
=] 1 | So 0280 | 0400 | 2.&BO
| U 140 5o ©. 18686 | 0.320 | 0-508
20 | 120 ‘50 o5 | 0:2% | 0-36%
o 12| oo | BPo | 0048 | o180 | ©.228
g1 492 | Po 5o o023 | 0129 | 01498
#2383 | jeo 3o | 0297 | 042 | o109
41 12a 4o 3o 0198 0338 0636
125 120 30 o3 o270 c-383
]l 2 | oo 30 c.068 | 0.230 | o278
327 o 50 | o35 | o180 | o215
128 = (=) ©-340 | 0425 o 75
4 129 4D o .21 0348 | O563
ol 130 120 I=) 0125 o286 | o4
LY == I=] ©-070 0232 | ©-302
132 80 l=) o OG5 o \9Z e-237
133 12D | %o o198 | O 26 C- 45T
e 34 e | = c 108 | 018 | 0294
228 2o =] .05\ © 135 | 0 186
o = 120 30 o206 Q.2 O 42
2 =7 J=1=) 30 o2 O194 | © 306
3 138 8o 3o 0.053 DSe O-2an
ii L339 12C I 02495 | 0233 | o472
:3 40 Jolo) =) 0135 | o2 0 35|
= I | 8o Je) 0-Obp | ©. 178 . 244



Tuas S TasLE N°3
O-omag wi, LusioE DiA. 6 Fr LeauaTw.
TEST pRE“URE
N? |ENTRY | ExiT Mr Mo Ms
19 160 SO C.102 | 026 | O 368
192 <0 SO =~ 2 O -2BS | ©.302
193 120 SO | 0039 | ©0.200 | 0245
: 194 100 So 020 o182 O 202 |
% S0 SO
*l_ll 95 [ o) 20 oS O 300 | O 4I5
12 140 =) 00T | O 2] 0. 3aé |
2| =27 20 30 | 00ee | ©230 | 027
ElL o8 10 20 OO0 | ©196 | ©0225
Z|_ 199 80 3O | Cole | olee | 0182
Ml 200 | 1o o o 126_| 0.328 | 0-453
Wi 20l 40 [=) ocoBd | 0286 | 0374
0 202 120 [=] OB O 2471 0304
dl 203 | oo o | oo3 | o210 | 0247
204 B0 10 ==Y o 10| 0207
205 oo 50 (=X 0:220 | ©:3%9%
206 o 50 o120 | o210 | ©:330
| 207 120 5o o2 =] O 203
L 20% oo 5o o035 o187 o120
% 209 | 8o % | coi5 | o.1a | 0130
10 =) 3o =213 O 25\ 0 436
i 211 <O ES) 0125 o 232 0-3‘51'7—'
21 55 120 o ooso | 0200 | o2
- 2'32 o 20 coa| ol | C226
3] 24 | 0 0025 | O3 | O 168
- 2'S e = O 1D o 260 S 4506
lr 21 Py e O 131 0240 | © 37
[ ]
0 w5 | 120 =3 Copa | o215 | © 303
tg 218 Jo)e=) (=) o063 cIms | © 238
2\9 20 o co32 | 0152 | o &4 |
220 120 50 O lag e\712 =XK-A
YL 22 oo | 50 | 0069 | o120 @ zoa
= 223 p =]~ SO o090 | o7 o157
=1 224 |20 Ele) o 1S54 O IDD | 744
= 225 o0 | 3 o omO| oI5 | 235
Al 226 So 3o | Doa| o120 ] 2162
uw | 227 20 o Olel | ole7] | o358
Q| 228 | 100 = o009 | cled| 0251 |
= 229 20 J=) Ooas| o IS o170




Tuae 4 TaaLE N?4
0.042 = Iusioe Dia. IFET Ledam.
TesT PRESSUAE
N | Ewmay | ExiT Ma 4 Me Ms
37 10 S (0142 | 0390 | ©O:330
238 40 SO | o0 | ©O200 | O 33
24| 2o 5o D.0a3 ©-205 | o-24e
Ll 242 f=l=) So 002! o te® | 2190
E 243 0 30 o152 c-429 | 051
244 O 30 ©:092 Q- 302 | ©-394
’i 24 | 120 o | 0052 | 2 223 | o215
F 2% | o0 30 oc.028 [~ o 203
= 247 80 30 2:01@ oa2 | O leo
'3 298 e = O o2 ©. 460 | © 622
| 2480) @O I=) o1 O 263 | O 34
& 249 | lao = o102 | 0320 | o 422 |
3 280 \ 20 [=) 00O | ©. 232 | £8:292
=1 2% [= =) J- cel32| SR | 0212 |
257 S0 =) O 022 O IBD | ©.92.
253 =Y ) o182 | © 27 - 453
254 = So 108 | 0227 | o %2
255 120 50 0e53| ©159 | ©.212
256 oo So ©023 | ©123 | S as |
Al 297 80 50 o009 o109 |oue
£ 288 | 1e0 30 | 0192 | o028 | 0 4713
F [ 259 4D ) ol o213 | ©.330
) 2O 120 o © 062 Sl | 0229
E 26! I=1= 3o | 0033 o132 | o172 |
2 2o ec | 3Po - 020| 0120 | o 142
H| 2e3 [=1=) J=) 0203 | o 29! o 42
i 26301 16D [ o113 | D215 = ==Y
o 264 a4 o o127 | 0223 o 30
3 25 20 T3 o012 | @76 | ©248
- | Zeb oo o o043 | © 149 =21}
2e] 80 o ©c o228 | © 180 © 58 |
| e 120 S0 | Da2 | 0219 | o 3s)
‘3 | oo | S0 | ooR2 | o158 | 0.240
|2 ec So | ©028 | 0.099 | 5127
227 120 Ao O I8 | o222 | 3183
El_272 | 00 30 | ooBB | Oled | 0252
3273 2o 3 | €033 | o107 | o140
274 125 o o 155 D225 | ©. 380
'lé 215 | oo o [ ©o023 | o170 | ©0.263 |
276. 8o o COB0| & lIe | O 166 .

175



Tueg D TagrLe N°5
0.042 wm. Insiog Dia. 6 F1 LLENGTH.
TesT PRESSURE
N? EutRy | EXiT Ma Me Ms
142 160 SO 0. 08! o230 | o 3l
1432 e S0 0.053 0193 | 0 26
144 20 S50 0-034 0. 195 o 189
Al 45 100 = 0.02Z - 13\ o 193
5l ae = g =) 008 | o2em | o.33
AW 140 30 0.069 | 0206 | 0264
X a4 120 30 ©.039 0. 17 o Zoe
41942 o0 =) ©:025 O: 12 O |46
-+ IS0 80 [ = o-o\4 o045 o 109
A si GO = o089 | 0.2% 0340
; 152 o) [« c.ohe | 0198 o 256
& 1520) 1aD = © 0&! o-212 o213
8 153 20 = - 043 o. 174 o.217
= [=5-3 oo = o028 149 | 0. L8
55 SO =) ©.0i8 2109 O 1.
=1 o 5o 013 ©0-200 | 0231
'S 40> 5o 0l o- 112 o-
1] i X~ So oOlae | 01472 c-1e6 |
a 159 oo 1) ©- 028 o 2 o 140
ﬁ IGo | 160 30 0136 | D 204 | 0739
L &2 = 3o ©:-080 | 0-V13 | 02556
o &3 20 20 0080 | 0145 | ©:195
a o4 =Y=) 3o 0033 | 2.5 | 0148
- 15 =) 30 o027 0:-083 | o0 o
._3 |&ko oo = Qa4 | 0210 0 366
1] =1 fe) c.128 o 183 23
W @8 140 [= o087 0. 18 O U
0 162 | 120 o o0pSS | 2. 150 | £.205
n 170 J=1=) = o:04) o:ND OO
177 80 [=) O 037 0089 C-125.
- 172 120 50 o1\ | o122 O 24\
% 73 J=l=] 5o > 052 o290 | o 1471
™ 120 | 30 2133 | 0 39 | o272 |
? 7S [=1=) Ei=) o087 O 1S | © 17
81 e 80 30 | 0029 | o025 | P 124
s 120 1= o 47 0. 155 | O 302 |
% -1 == o C eS| OIS o180
=[] 82 8o = ©- 033 | Olec | @ 133

176



Tasre No 6

Comeparison oF ActuaL (CoNCENTRATION
WITH THOSE GIVEN By THE DoLuBiLiTYy
Curves For Oit~-Ri2 SoLuvions, £16.50

Ty A

PERCENTAGE R-\LCONCENTRATION

177

Teme | Press "f:f:f:p Scohu:‘vl:y S
°f (P516)  |(AVERAGE) | ris.s0. Een
130 160 2.5 23 - X

T 2B 2877 | =
T T T T S T R BT I
ige. | joo- -] 15% | 1& | -4 |
180 30 132 125 +0' 7/
|50 {60 41" L 3 -1'8
ISO | &4 O 371 26 .1
150 120 29-6 19 +0 4
{50 |oo o [ E° 4 213 . i
} S0 8 0 16 17°8 -18
|20 {20 43 509 ~ '8
} 20 {00 367 276 ~-0'9
120 30 2T | 2 + o i




Tasee No T

Comrparison of THE Components of Oie-Riz Soux

Witu Inowvicuar Frows or O amn Riz
Tuse 4, oo 1w ID, 3¢r Lenctu, Tene -150°F

ComponE NT

Pressure i e i Experimentar | Caccurnren
HEAD BAC K 3 ) i
o —— ==
(Psic) (Ps1e) M, Mo/ M.. [\\,/___.*) Mo BBl
|60 10 629 009\ O L% L
| L0 {O o*d2L3 0276 o'to 7
= BT B — S
120 {0 o'\716 2'06 3 009\
100 \ o o149 0058 D07 &
30 IO 0130 0 041 0'058
—
HEAD | BACK RersRicerRanT |2
(Pre) (P5ye) T’\,\,U‘/m-..; Msg‘h/\-\'..) Mqt(‘b/m-'--)
60 |0 6'203 0 2V 6 -2 AF
{4 O I O oYL ] o'I182 o'l6 i
) LO \o oo A o'\3 7] o-\\ 9
OO 10 004D 0 153 0082
80 | O 0o'odAB o166 0 065

“L'“:"u\(,"ly —7’

178



AVPENDIN KV

Batn Syaphs HWead



]

'

SOLUBIL[TY |







G2
N\ 121

Fig -5l



M< ]+ : ‘4 .ﬂr 4
*. 4 .a”,._. 14 ++ UL. n I
I o 0 L
?.,. i } _“*. ,__. !
I {1 HEREH A9
: tHH A
! + + 40 -
- +~ww -+ *..,. 4 77“. 4
- “.,__ ’ + "“_,
WS SO U . i Ly - ..d f
vl i ' - — g — -
e gt 4 ! + I H3 44+ 14
| b ! ! ' -+ L4 ' .
+ 1+t ‘ | } t 1+t - ford ~2 ‘ -t -
. H bt | HH e rHTd
] i =1 111 ] 1 .
& ! i A LULY ] | b4 | i } L S
| | i . $ 111 | i | [
{4 ) 1 11 ¢ .,”, .v—. va _.._...
1 | ' R |4 oy b {1 + ' w. t _
| 153 | | T
) ' | 1
4 | +4 (S | t )
’ | ¢ bt ¢ {44
\ ‘ |
{ pbof } | |
4~ |
_ ’ |
s 4 » | B
| { ‘ | 4 } !
L 9 A ¥ ! =
| 14 B Lid w1 i ! |
B D 8 i B | .
‘44 =R EEERE | i+ f-14 -4
T WEREEEEE i1 1 |
| b {11 e bbb * ! res ' g =
~,. ' + + 1=t 44 | ' - | et -
[ BE1 of WSO R RS i 1. } b4 b Sl <3 =t b4 St L } H .h.
WAL G AN S AN SN DY R P A NEANS RN U
:.N 44 444 mvf, = 44 4 J 1 _ b4 bt 44 t )
e e e e e e i Hrr e .
- ~— - . : : . 3
.4M.H.., _l_H. B B H R R ] ! , =] B -_..__.w ] B
e _w b4*_ — H ' H - p—4=4 { -1+ ¢4 vv,. $-{++ 4 R + h.. + : } | b “ - \
-+ -+-4 v*... :r*v*T 14 44 { f, =14 pbd 4 {84 1 u.* | - $ I e B e ) t=t 1
A4 11 HEBEEREREEFTEANRE RN ESEE! 44 | +441 - 11} ~... RS B
Oy , ! EREEER RN 1 1T £y | ]
SangAunancuaNE E e e T H R L P
o ERER S +4 Q»M H 1 W t _ L4 - 4 m H by HI . R o iu ’ - + [ - { | 4 {
-+1+111 ‘Jqﬁ x..u.4 , J— . bt i o-1-4-4 +-4 L4 1. w” 4 - - HFeeEE bt
EOUECERFENRR TN SRR GLEAEAERREN ARG EER IR PAAERE NN | i 0 WG
PR R B e e e e e e T e N ERREREERELERAN
1+ - ._.“l, ..hlk - ..~,-‘. ot e o _ M -4t -t e byt v SN w._. t-i, o i ' 1
- ,*. .H*.rv .., ~ .WW ot h.a . | ." | 44 r~|>“ ».A. — el | K. [N |
L] | + 13 | [ I 14 ! L] 3 (I | 1 ,
P EL T e e , HHH EE B s !
| 1 4 = - - } - . { { { LY t ! {
.AH $-4 4. 4 { | 1 1 ' ) -  pl R 4 ot 1 i} Lo | 1t
S NN i EH ! tien| | Pevdest. P I-
i ) 4 4 i ; vt
il | ! _ !
{ i -
{44 i
17 R e S 45 8 . SEBNETWS.
3 1 : \ Tt 4
) $ *_Y. ™ | ) BN
' { 4 !
| L4 <4 . L




TS7Y

&3
G
gy




