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THE ST S.

‘

The first essentiel in this discussion is to kaow whet
a cerburetor is, enc¢ vhet is zenerally exnhected ¢f such a
piece of e=p:ratuc. 4 corbvretor is a device vhich is used
in comnection with an intermal combustion engine, its —ecul-
ier function being the supp.ying of the cource of ncet
(usually hydrocerbon oil) and eir, in the proper proportions,
to the engine int:ke manizold end hence to the combustion
cheanter.

This discussion will be limited to zasoline s the sources
of fuel hect. T:ie gasoline wea on this test was orainery
commerciel o0il &s sold by the Stendard 0il Compeny for gaso-
line compbustion purposes. There was obtained Tifty-five gall-
ons of this distillete vhich vas set eside and used as necded.
Soon arter the suwply tank wes filled ceomiles were tvoken.

It #il1ll be noted here tiet the fuel was not ellowed to stand
and thet thix sainles were tiherefore true cnecimens of the
quality of the oil as & homoceneous liguid. The reacon for
teking tihese sciniles was to enalyze to ccme degrce of cecuracy
the fuel we were to use. The action of & carbrretor will al-
va, ¢ depend directly upon tnc quclity of fuel that is used

in it.

In the tecsting or analysis of -azoline ¢. a hezt fuel,
one of the most valuable neens of e:cminction is thet of
quantitative distillation. L& few years ezo lrerosene vas the
most wanted petroleum product, tut recently, ~rectly because

of the azavent of the ~esoline engine end cerburetor the c¢is-



tillate commonly or commercially cecllcd sozoline ig the
most cesired of the hydrocerbvon jrouvn. Gasoline is a very
hard oil to analyze or to define. It is extremely diffi-
cult end »racticelly impcoisiltle To obvein iie seme 0il from
time to timc having {the sene wixture, cnd trere ceems to be
no vey &t preseat to tell vhet ve do get vithout extensive
exnerimentcl testing. The reacon ve :cre tcsting tie gzaso-
line vsed is to ep-roximatcly know what we cre usin~ for the
experiment:1l conmparative tcots vhich 2re to follow.

Gasoline is rscnerelly sold on the Dbasic of its snecifice
gravity, certein groevities being resarded <5 w0st (csirable.

-

Too 1light zecolines cre 20t cesircitle on account of their

disadvante-es ond vansers in heacling end storiag then.
Heavier zazolines must be nindled differently when used in
internsl combugti n enginez. In Tact, the proverty of density

is importent only teceuse 1t bears en epvroximate rclatlon to

the importent property of zreovity.e To .ecasure tihe cpecific

evity ¢f a zesoline is eacy, but to Leesire its volatility

is difficult, end for this rcacon the uresent system of r~rad-

inz continueg, <lthouch its inacequacy is becowiar ~encrelly

recornineds Soecifile grovivy <oew not bear & conctint re-

latizn to volatility of e.oline:. . ~asoline :ivde un of con-

stitucavs too 1li-ht to te cefe and vertly of others too ncevy

to venorize eecily oy be of gn avereze srecific ~ravity that

ensroacnes tie mark considerct et desirsble by »urchrsers.
The only cetisfectory ené ¢ccurcite mevhod of ~asoline

testing is by ecnelyticel <istil_ction. Volewility, ec indi-

N
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ated b distillation renge, is the most im-ortant nrovnerty
in deternining the vcolue of the nroduct.

The rechanism of the -rocess of dictillavion mcy te
briefly ceserivec in the iollowins c¢iscussion. Vhen &ny
nixture is sub ject:d to ¢istillation the comwosition of the
vepor just ¢u it lecves thne liquid is controliecd bty the pro-
perties of tne licuid. The proportions of the vorious con-
stituente, their vepor pres.ures, end the mutual eclations
of solubility of the vanors in the.liquids all pley & port in
deternining thc compocition of the mixture to be given off.

In genersl, hrowever, the vepor iz richer in the more voletile
constituents then isc the orizinel licuid.

Nearly &1l rmrocesses of clevlllctlon invelve »artiel con-
denzetion of the vepors, ¢o thet all of the vepor cscaping
from the licuid does not wass over into the condenser. The
teadency tovards condencation is tie ~rcatcst vith the consti-
tuents or lesser volatility (higher boiling point); endé the
loss of the nixztuvre that liquifiez end returns to the retort
of tne distilling veiscl cauvser & ¢till further change in the
compogivion of the remaining venor, egcein in the direction of
enriclment vith the more volatile constituents.

5111l another foctor ef immortence is the washing thet
occur: whnen the returninz concensate cnc T.e &agcending venors
come in contect. Here ercin the readjusticnt of concitions
tovwarcis eculilibrium recults in still further enrichment of the
vepor in voletile conctituent.. It cpreers, therefore, thet

€ll the eifects of (icdlletion tend toverd secaracion of the






more voletile from the less vol: tile constituents, the more

volatile predomincting in the distillcete and the less volatile

in the residue. hen & distilletion is carried to completion,

the first fractions contain most of {the more voletile and later

most of the less volctile suvbstences.

The first and fundenmentel need in this distililation test
is accurete temperature ceasuresment. In the set-up used by us
& mercury thermometer was used which hed a ren.e of 0° 250°C.

4t the beginning of & run the wmercury in the thermometer stood

at ebout 25° C. "his thermometer was of en accurate end high-
grade class as used. for such purposes in the chemicel laboratory
at Il. 4. C.

The rote of distillction is an important factor in the
distillation of pascolinec. The matter of time has little to do
with the velue of the results, although violent ebullion thct

causes unvoletilizcd spray to come over vith the vapor should



be evoided. To inesuwre ac fer ec possible a prorer rave of
distilletion & gond = bath wes ged tnd the ex-osecd parts of

the ~esoline conteiner, (a Tertz (250 C.C.) flask) wec joecketed
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with dry cloth. This ca cla cto;y, wniform, cnd
vell cistributed rate of distilletion.

L conaition vinich eifects £ cistillction test oi this

»
»

kind is ctmoconeric rescuvre.s Tests were mace on diiferent
days vhen the ctvmoscpheric sres:ure veried oo much os b 'L, Tl
of II'». Xoonm teunersture eand oir curreat abort the flask vould
have 1little ezfectv v 1t vwas vlenieted Ty cloth ¢nd ceud.

The source of heet used was ¢ (llecker) pges burner vwith
rikbber tube conzection. Thisc clloved rerulatdon of the amount
of hect ¢o needed =nd cllowed & naximum teurcevsivre of 2060 ¢,

The distillete wac trapoed alter pacsiay thru a condenser
in en Zalecmeyer flesl vhich fitted loosely over the ena of the
contenser tuve; the Enlemeyer Ilecek wui get in ¢ bell jer of
water. The disvilleve we. allovied to g ther in the Znleneyer
flack throuch ¢ temcereture rencc of 100 C; then the ilagk was
removed c¢ad the collected distillate mecrured in 2. C., record-
ed, :nd bottled. This nrocedire vaz rernceicd for Tiec several
ren-es of teweratures. The thermometer Hz. bulb wos loceated
at the Jjunction of theo colwm cnd legs of the Vertz Plesk. Tor
it is &t this point vt t the disti_late ¢ilotilles over.

The srpecific zravity of severcl of the distillates ver ob-

-

tainecd. . specific gravity bottie ies vsed to cobtein tuis data.

N

The covacity of thic totile »:s 10 C. C. 2t 189 C. for water.
The weight vas obteinec very accur:1.1ly by use of counter weight

end scale pan welgnte thus the weight vas rfound vhen filled with



each oI the cever:l cistillcte saanles cnd “rom this the
specific grevity determined. On the curve sheets curve 2
correcponds to éistvillcuion zad ;;eéific ~ravity tezt 2,
end likewise for <Tic other cirves ormd Tculs.

Lfter every run there were just a few arons of recidue
left in the .ertz flecsk, but ¢ ftcr cooling do.n this veag in-
crcaced bty coniensction on tne sides of the flock to cbout
tvo C. C. Tie color of this reavy oil .as like thit of steer
engine lubricetins o0il cnd vossecced & slizht ocor of kerosene.
A sample of grczoline from the residue collectcc in tne cctual
testes of tune carbureter was caved rrd & comnlete fractionel
distillation test mode upon this sample. lso wnecific cravity
tests were ncde to several of the Lraction -l dictiilete.. These
reletions a2re cho.n by the cuwrves (esignated ce tect number 4.

The proverty of viscosity is not orcinanrily eccocicted
vith licuids oo light 2o sozoline. It is o fact hovever, thot
to some extent the flow of -~ccoline thru trhe nozzle of & cor-
buretcr is directly «ifectcd by chenges of temperature. Thus,
if 2 coerbuwreter nozrole ie adjusted v ~ive & nroper mixture
at a vorking tempner: ture of 100° . it vill discharce under
certoin conditiont e little over 710 of tie requicite fuel when
the temneratwre # 1ls to 500 . which is +tihe very time vwhen an
excess of fuel is needed. ILike other charcciericsiics of zaso-
line, its viscosity vories vith its comrosition, thereiore ce-
finlte reculotion of the ucl orifice, thermostetic or ot..erwi e,

is consequently cirfficult.
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Je T. Stoddard, Profecsor of Chemistry in .mith Collere,
in & book "Introduction to Orzcnic Chemistry", 1914, -~ives

the zollowing teble:

30iling betveen SoeTrovity
(Petrolcum ether 400 - 600 0.665 - 0.B70
Tenzine or aszphtha 70° - 90° 0.680 - 0.72
Gesoline
(Iigroin 1500 - 3000
(Ivbricutin~ oils cbove ©000°

Conteins cniexly
Cs Hip - Cg Hyg
Ce B14 - Cr Hip
Cr Hie - Cg Hig



Tebulated Data

Practioncl Zictilletiocn of Tatoline.

Test Tcot Te:t Tect
i R o) 4
Temp. =mte Ant. oSom-  amte  San- lave  Saa=  TelnDe
Tigt- Dist- ple Tist- »le Lict- »nle

OC. C.Cs  CoC. CeCs . c.ce __ On,

25 77

55 0.3 131

60 140

65 0.8 149
0. 158

75 1.4 11.2 1 167

g0 176
85 2.3 1.8 £ 185

90 a6 1 194

95 Sed 2.7 3 203
100 C 21z
105 5.5 10.5 4 8.6 2 221
110 : 230
115 11.0 3.6 5 6.7 3 239
120 ) 248
125 16.9 8.3 6 7.2 & 257
130 266
135 8.5 8.1 7 9.0 5 275
140 6.4 1 284
145 7.9 7.8 8 9.7 6 293
150 14.3 2 302 -
155 8.1 10.7 9 13.0 7 o1l
160 £ 3 320
165 8.0 11.0 10 10.9 8 529
170 £0.5 4 338
175 7.0 7.3 11 7.6 9 4T
180 15.3 5 556
185 5.6 S8 1 5.2 10 265
190 8.8 6 o174
195 Zcsled 6.8 3.6 11 283
200 449 7 o9&
£10 “es 2.1 (206) 4.1 1L 2.8 8 410
215 13 419

_ . _Reg. 1l.4 Res 1.9
Totel 94.3 96.2 9b.5 98.0



Proetionnl Distilistion of 7 roline.
Shecifiec Troviir Testo.
Untalaicec ~eizht = 0,007¢ -rooe.

Texmcerature Correetion T 0,9975¢ ~ranc.
L e Soﬂ'o
5 ot. (gm) Corzectesd for Tenb.

somnle Orogss L ~tb.

1-2 De6708¢ 5.66293 065675
S-4 7.0930 ¢ 7.0881 0.7110
5-6 7.2310 7.350 0.7340
7-6 7.4EC2 7.4773 0.7495
9-10 7.6072 7.5993 0.6200

M
w0
chk
wl

1-2 6.0T71E 6.C0633 0.6880
o=4 742720 72641 0.7290

5-¢€ 74459 7.4260 067450
7-8 7.60c8 7.6559 0.7600
9-10 7.9100 7.5021 0.7940
1-2 74771 7.4692 0.7490
o-4 7.7029 7.7250 0.7730
5-6 7.9240 7.2261 0.7950
7-6-9 7.9540 7.9461 7980

Undéiscil-
led 7.4170 7.4001 0.7440
Tesoline
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Genercl Discussion end IExslanation.

The carbureter is & device ch lilze meny other
mecncnis.nzs, is of wracticelly no recl vilue excent wnen used
e¢ en intercrel wnert of tThe mechine for vhich it is degigned.
It must, s & omrt of en eautomobile, wvreicorm its sarticular
function so as to zive csatisiccetory resulis irom the stend-
point of &« gclf-prorelled venicle,. &1d to accomplish This
functicn vwith the vest econony end elficiency vwith catisicction.

But in the ctudy of tihe automobile tne score is Iar too
trosd. The nunber or vBricbles -nd {tie reletion of the vearious
unite tecoies co intricave. Thereiorc the only w y to study
or investigate tTne nech’ne is to take cech vnit individually.
Lleo by tekins coch vart vericbics cand combin: tionz of varie-
blez con oftin Tbe c¢voided gilvinn (eirini ¢ date .ad reosults of
velue .

In thc grovwth cnmd cevelormeat of the cecience of carbura-
tion there hot Tteen a scries of tyses brourav forth. Some of
these cre tiken up in the zollowin~ neragrcphs.

On curve shcet |9 vill Te found 4u0 curvez onc . hi~h ower
curve and the other & high efificiency curve. The zone between
these tvo lines covers vhre renre of cuclity vithin vhich it has
been iound desirable thet Tie c¢uality should Te rminteined.

The bounderiecs of thiu zone nay not be universally accented as
tre best, but ere - nrroxiiately the bestv.

The types of cirbureters in order arc Licse:

1. Zleunintiry ized Orifice.

. Compenscied M "



sAir velve class of caritureters.

l. Zlement: 1l air valve, vwithout Zi:ed zir orifice.

2 Simple; with compensoting cir veolve £ai Zized orifice.
Oe Lir voclve vwith cuvnle.cantl -:scoline jet.

LA

4, Lir velve with meverinm oia citicncd to cir velve.

be sir valve, wiwl: needlc valve caontrolled ty camx on
throttle.

6. &Lir velve, tveing fricticn contril of ~grolinc.

7. e tvo stere carbvreter.

wome of the innercat cheracterictics c¢cf the ty-es will
next be zriven.

Vith tre 1irct, elecenvery Iiied orifice cariirever the
cuslity 111l -asg out of the cone then less then eighteen

-

cublc fcet of air cre used. “nic males 1t iwossible to en-
rich small qu.ntities of c¢ir. Trereciore tals vy € cannaot de
tzed with cocecezs, no it become: nccessary to emtocy in the
corbureter cone ncong for inereasing tae ~2o0line supply vhere
it 1s {eficient. Verious cevices cre uvsed Zor this wurnoce.
Sone ¢ifect thne nece.zsery couceasavion vy actiny on the ~eso-
line suv>)ly, the_.s on thne cir, nd siill otiers on toth.

The second, The compenssuec iixed oriiice ceruvurcler is
srovided vith sus-lewental or couwncneating devices which in-
crease the suoply of gasoline, serticvlerly et e pert where
it is most dedlicient.

Under this cless oi air v.1lve carirreicre firet comes the
elementcl oir velve cerbureter vwithout i:ied 2ir oriiice. This
tyre is not & nrecticzl cveceses, tutl e principnle involved 1is

to ellow 211 tre r~aczoline to Tte ccduitted thru o fi:ed orifice



.
erd ¢ll {he sir thru e ccorinz-clo.ed cir velve.

The second tyce uanter tTix cir volve ciovcizZicetion is
the simple certireter vith coacensovint (ir velve ead fized
orifice. Thkis type is well lmovn in a varicy of I r.ir. The

fizzed cir orifice is often ceolled the "strangle valve" or the
"venturi choXe" end ordinerily tie gcooroline nosnzle terninates
in this nagsg~e. The ~zzoline as vefore is regulcted by a

xed orifice or vie facoline orifice remeinc unchonced in the
operstion of th: curbwreter. &4 secont cir pecsace in this type
is closed by & s@ering o.-oozel air vclve vwnich ovens a: the
cuction increcses.

Tre third ty-e unier tuls clece ic the cir v. lve carbureter
with cus»lecuentary ~cioline Jjet.s Variouws mesan. wve Lcen used
to coroce a second zasoline jet to come into action before recach-
ing wezinum ccnaclty, thus eusnentinz the swmly where it hes
pecome <eficient. IE this second jet conces iato zervice ebrunt-
ly, e= it <oes in mray caser, it csusecz t.e qwlity dia-rcnm to
melze ca abrunt chinge hich is wadesirable.

The forth ty-e is thx air valve carbrreter .ith metering
pin attached to the cir ~viive. The eifect is Cecirable for
medium end hish eir gqurntities Ttut vhen cmall ouv:ntl ties are
being used the result is on extrencly lecn nixture.

The fifth ty-e is the =2ir volve carbureter ith neccle
valve controlied vy cem on throttic. Xor this 1y e, if the
load =t certcin sneed is such thet the necessary moaition of

the throtiile cauvses the needle valve to susply the caount of

Trel required Ly Tue eir Lint 1. beiny wced, then a normcl






5.

quality of mixzture is su -lied, but uwader 21l other con-

ditions +tie mixture is either too lecan or too rich. This

found vhen scsoline orifice

©

6]

is & condition that ic clvay

-

iz veried by opcniny ¢iad closing the throtivlic.

The sixth tyre 1is tix eir velve carcureter t.ing iriction
control of g:coline. This type ~ivec o ruelity line t:at re-
meins vithin the zone and is nearly constant for o lirre renge
but hes the elimin:tins discdvantese tinit fluctuations in
tenanereture melke a zgreav veriation in the flow of ~azoline.

The seventh ona leoct tyne is tle two-stige carburcter.
It iz escenticlly two carburcters, v.c rimnry hoeving tice
tne corvacity of the secondary. The quality curves :ieve a
teadency o cross the zone esveciclly vien the :rimary stagc
is in uce which is used ebout 907 of the time. Tie cecond-
ery stace is cbout xrallel to the exteat of t:e zone ond
should zive zood rerulis.e The carbweters sclecued for the
exerimenv:l .orlt were a liirvel ¢né Zenith. Tre:ic cervureiers
are com arctively cimple, emtocying the -~rineipals reguired
cnd €lloved cnen~ing of curbureter in cev-un without a change
in the set-up itself, thus eepning the running conditions more
nearly constent.

The liarvel carbureter is of tTne tyne aiscucred wreviously

unéer tre cecond cna thire ty e of the eir velve carbuireters.
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() THROTTLE

HEAT
INLET

/ 4 1‘ HIGH SPEED
NOZZLE

/A=GASOLINE
ADJUSTMENT

Some of the features are: & hect jacket eround the throttle
which is connected with & heat jacket around the venturi and
low speed guscoline needle. These jackets cre lept warm by hot
exhcust gases. The fized eir orifice or "venturi choke" sur-
rounds the low speecd fixed orifice nozzle. The hish spced
fixed orifice nozzle is argwiented by a :pring onrosed air
velve vhich opens vhen the suction increases. The gasoline

is regulated by a needle valve which acts on both fized orifices.



B=

/A=GASOLINE
i ADJUSTMENT
i STANDARD MODEL E _

the engine ex-

The jackets warmed by exhaust gases i
haust ere led to the cerbureter by a flexible tube to the

h.at inlet es shown in cut. It entcrs the jackets

of the ccrbureter under control of & damper vhich acts auto-

meticelly with the throttle. As the throttle onens the damper
closes. The vertical pine vhich chows plainly in the small

4

cut is a wpipe for the hesting exhaus

>urpose of condueting



gases to a vent in tiex bottom of the carburecter.
The Zenith cerburcter is of {he tyre as discussed

vrincipally under the second of tle air valve carbureters.
The feature of the "enith cerbureter is ti:e compound or com-

pensating nozzle.

Model “L”




. Il

L8 shovn in cut, the nozzle ig commosed of two wmarts. The
outer —ert is wder the in:’luence oI tie encine cuvction which
caevses the flow of -ccoline to increace racter than the zlow
of gir, ~ivins & zixture of increasing richness. Yo counter-
act this effect the inner vert of the nozzle is constructed
so thet it is under only etmosvheric srescure teceuvie of the
onen vell, and the ~acoline Ilow ig Ccetermined ©ty tne cize of
ovenin-. Thic commensator or inner perst of the nozzle then.
delivers o steady re.e or flow »er unit of time :-ad ss the
suction increases more air is dravn up, whlle the amount of

crows wocrer ond

<

gacoline remuins the tacze ond tix nixture
poorer. 3y comiining tie two perits tne compouné nozzie is
obteined, in vinich there is both direct zuction, «né the

constent Ilow tyze. One sumnosicly couwnterscts i1.e defects

4]

of the othcr to give coastent :l:turec at var;ians suctionz.
Our ay-eratus ves set vp in a trein in orc.r =. Zollow:z.
The eir was teken in ¢t room temvperature, vhich vz keot

.

er nelr constent c¢ Hocsible thru ¢ stanterd tvo inch orifice



10.

Emerging from tie orifice tank with a straizht pipe

connected to the pipe, vas the carbureter air duct.




11.

The fuel gazoline v.cs supplied from a rcservoir tenk on

a smell set ol platform scales. re v.as nrovided a stop
cock on the tenk rom which theie weas a copper tube connect-
ion to tie gesoline inlet of the cerbureter. 4 fittinc waws

mace to metch the menifold con.ection of the carbireter end
to this fitting e pire led to the baffle tuonk. The natffle
tenk was constructed of heavy cast iron end contained four
beffles for redueing the velocity and changing the cirection

of flow of the vapor.



t farthest from tie carbureter

4t the end of the baffle ta
was located & residue collecting tank uvsed to drain off the
gasoline entrepned in tle baffle tenk. Trom the baffle tank

at the sere end as the residve collector was o pipe connection

be connecting

itive rotary blower. In this

e conreciion to which

e tenk end the blower was a pix

a hose con:ection was fitted. 4t this vpoint ..ater was inject-

ed into the trazin which eliminated the fire risk of the rocious

exhcust and so tended to seel the blower. A lorge relief or

throttling valve was placed in the pipe line between the weter

con.ection and e blover 1o .eep the preesure on the carbureter

constant during e run end to chanze the vecuum for different

ad justaents of the tarbureters. The exit pipe from the blover

terminate¢ outside the leboratory by vwcy of & .indow. The power



used o run the blover ves ¢ five norzeower motor.

The following teperatires end ressures were tolien:

Thc teweratire .nd regsiwre ingice hne orifice tonx, vhe

H

ten ercture before i ‘ter tne cire.reter, &l.0 the ores-
sure Gron in tanc cirbireter, ant vhe pressitre in the barflle
tenk. Zor the "ress.res on the orifice tonii a {ral
was uvged. On the beirle tinik a diel nrecsure J¢7e was usede.
Thic gace was avt very cecewrate but jooé enou~h Ior tunc Dres-
stre at tidls woiant.e L dilierenticl manomecter with watecr weas
veed for the orcssyvre Gro-~ over tnc corb.rcer. Tem;efatr:es
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tallen; ~rocg fucl vei~as, Tea crocirel I resoule ot ¢ T-
burever, vte: crat e end oreccure cn oriiice end reessure
tenlzs, Then fur ¢lx tirce-niauvte interveals tenmeraiires

and pressures were recorded. Durin-~ this tiue the residue
wag drciaed oif twice iato e coavainer. 2y looking into the

beifle teanik thru tie glacs ports a fog or mist could be nlein-
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ly ceen voryin: in censity in nrosoriion to tire turottle
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eservoir with remoining Itvel ¢nd the residue vel ~led,.

“"hen zor the next run in the casc of the l.crvel veg To
chense tie corburretver tunrotvie velve. Tiele vwere four open-
inss from full oxen to necrly cloged. XLfter theece four throttle
oveningce were comaleted, & new adjuruanent of thc cerovreter
vags umede. LWith the mrvel, adjuctuents vere rmode to the needle
velve and‘to the slow sneed eir acjustrent. In the casc of
the Zenith only tune zlow tmeed eir o juw wzcnt we. altered.

With both e:irbrreters, zour trhrottle ~ocitione were used for

each edju t.ent of tue res.ective c rbureters.
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