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Tr;.e 'pl"imary PUl."'J)OSe· of the atc,rnization process is . to· 
. · .. break. up the :rU~l into · the; smallest partiel~s po$sible-~ · 

smaller the p~tielea, . and the iea.st variation ··1.n. the. size Pf 
. the particles, is an· ind1cat1on 6f" the degree Of atomizatiori, 

' . '_, ' .; ' :. , :· ,' ' " . ',, , ... '. . ·-, ' 

· The fuel veloeJtY is the 11wst im,po~tant fact<>r affecting 

degree of atomization. T11e,ifllel veiocit,y :le d~pendent 

· primarily:upon the fuel pressure.;. · .. The~e .. are 
... · , Cc,,-•, 'C 

. · .. that affect the : degree . o.f·, ~to!Iiiz~ ti6n •. · .· ~I'liey are, namely, 

(l.) orifice diameter, (2}' 61-.if'ice q.:ttamet~r- to length ratio, 

(3) the de$igtl. of the>,ruei)nozzle, \(4) fuel charact~~istics, .· 
. ·, . .·. , . 

. . 

(5) density, :presiJUre,. ti ·. l1to which -·· 
.· ' ' . . , 

fuel spr~y discbarges. · 
. . 

. The author decided to ·;M.Ui·a series .of .tests. oil a . . . . . . 

:fuel atomizing nozzle to det.e:ri-n!ne trie effect of pressur•e on 

the degree o:f atomization.it . All 'other variables a:ttecting 

d.egree· of a::tomization were :maintained. -as near1Y- constant 

·possible. 



II 
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Atomization is the process, t;. •.··.· • .. ·.· ~b eubstanee 
- . . 

is broken up into many, small parti<lles of various sizes .. · l!bit ·. 
• • -.:"·1 . ~-· .. . . . ·- ' ' • 

inv.estigati an is cJ:liefly eort~_emed with the a;tomization of a 

liquid sub.Eltanc;e wh{ch may ,be used ae tu.el in J,he present 

. ,-_ ,day gas turbines~ :L,ternaJ. .cotnbt1atio11 engines., ruld steam 
'• . . " 

- gerierating boilersl! -. !here --•er~•. sever~ 1nethod$. by 1,vhic'.h -atomi""' 

zation :ts aeeoml)lished,. biit:,.the atcmization of • a liquid fuel, 
under pressui·e, · through an.;at.anlzi~ 11ozz.le; _ is- the method 

treated ·111 thia·t'.h~sis. 
The P:t'000$$ o:f".atpm~za~i'onhasbeen- thoroughly dealt wi·th 

in regard t<>. dteael engtnes in. wlii;b the inJeetion pressure . 

. generally exceaas·two t~ousand;ounde pe:r;-square inch. -There 
has been very little pu'bltsh~d data on' atond~ation at the low 

pressure ranges·1iherein tne,gas,tilir-bine combu8tion chamber 
', ' ·. -,·:. __ .·· .. :.· .·•/ ,,. , 

operates. In general, tp~f preaSli~t.l. acting on th~ fue.l in the 

nozzle of _ a gaa turbine· eornbustion' chaniber i.a -about seventy. 
five pounds pe~ ·square ·1:nch. gage{ ~i'ld ve:ry ·seldom exeeeas or1e 

' '• :, .- ,• .. ··.· •·' ··,·-.. ' ' ', ' ' ' 

;hundred EU1d fifty poo.nq,s p$r- ~qµai-e Jnch ;gage/ Thus, the 
vesulti:ng atomization of. the fuei is ¢or1eiclerably diff'erent. -- · 

' •• '! • ' ' ' 

· in these· lower. ranges of pressure and plays a very important 

. part in the performance Of'a gas ·turbine combustion chamber. . 

'1.'tle ;analysis of the process o:f a:tomiza:t,ion oon$:i.Sts . of two 

_·--··:important problems, namel;,: •(l) d~termining a practical means 
. , . . ' . . . . 

--_- - of finding the ntnllber and slie of fll~l droplets in {It fuel spray; .. 



. (2) caleulatitig a sound artd-:logi<;al means of .eemparing severa::r · · -· 

. fuel sprays ·j,n regard to .their _eft'ieieri9q•·. and degr.ee. Qf atom1,.,. 
· za.tion. 

',;,·\c._;.,:.' -_:; \ ... • · .. 

Fir8t, all t,he knQVm tneane of <1etermirii1::ig the number 

size o'f:· fuel ·droplets in ;::1)lel .S}'.)~ay will be
0 

discuesed, .. 

very reliable meth-ocl of fili~li.:O.fJ th~ <l?Oplet, eize 1$ a device 

created Millikan in 1~99-~' ,.He' \Y-8,S looking :for· a rn~ane of .. 

. ··.determining t.'.he -ion:le •Cb~~~~/on--. VJ~r1 ·-small ]rartiele sus ... 

pended in mi<!-air" . · Milliltan ·wa$ · E\t;l:e ·. to determine · the ai ze . 
· and weight O:r a dt"<:ip of Qil. by ~serving its .:rate. of 1;all, 

._·· .. ohser'Vation .was made by·• t:Lse ·.ofa n,e~suririg mieroSQ•opef .·.and .the 

size of eaeb oil droplet \v~s h~eulated .the a;plieati on of .· 
. St,oket s Law •. ,eeording {o S;toke•s.taw, · ~: ·s(r,lall sp4ere•· moving. 
·_ at a· steady slow speed •. tl-lro~ "xperie11eee :a resi1ting _· 

... _.foree equal· t<>·· f-:.'=,"rt~cl~,j~'·- ... This force may be•·equated to.the.-·• 

weight ct£ the falling drop of' oil:,1 which :t~ the volume multi•·. 
plied by tne dens 1 ty of·· the o,il, · · Therefo:re1 if·. the ve:toe i ty ·· 

·_·of the falli:r1g oil droplet can ,be"d~terminei:1, the dimensions. 

of this drop o:f oil can be ealcu.lated •. ·• Stoke's Law Ifia:;f be·· 
.· expressed in: the followihg for11iuf8.a·,, f~b'rt~Vc I where (f") . 

:is the resi,sting fo:ree 1 (fl) is th~· fluid coefficient of 
.. ·_ · vis·oosi ty ·of· the me<ltum througb .~hi<:b the Qil droplet :ta fall• 

· · -· intf, (Vo) is the veloei ty St the · f al.ling ·o.x""oplet1 (tl) is tb.e 

radius of. the Q11 drople·t."·· The ;esieting foree, .equate~ to 
. the weigbt of the falling oil Jroplet; yie'lds the 'follOwing . 



4•a . . ····· ... ·.· ...... > .. ·•· .. · < · ·· ··• · · 
•·.· .foripula::rtfl2t'-=~rr~au;,, wher~ S,P) is the denr:)i~f • of· the oil 

..•.. ;:droplet ancl tbe otnef .a~Bciltf al"~ the ija,tne. ar;;, above •. 
. , > . : Another method of·deter~ndni~/~ropJet•aize was e~ploye4 
. bY J.: Ii. Joyce of the Asiatic J;'etrpleum C·OlnP&n:f 1-~ld.c~ u$ed 

molten wax p~ebea:ted to ~r .. ~elllpara:t1l:P~ vihi~h. gave the·. same 
' ' . 

·.··• · p11ysica1· prop~rties .a$. th; f'tie1: •,:ut·~ue~t:ioth ·. Uhia me,tho'cl 
the :the: tu~{ $J~ra; and. the sieing of 

all the.·!)atrticles bt means pf a e.iev!ng ~evict •. 
.... proved. tObe .. E1ati.sfactory,·btit·· requ:i:re4 ~h.e •handling of.•·••.• 

,, :-._, . ' ' - ' _'_ :. .:··_ : .-. ·::·_ 

. several mill ions of drople 1,$ '' whl~'t)· 
. ' 

a. great. ci~a,1 

Toe ~ngineer:tng elllpe~im,nta:+ st.at.ion 6£ tbe 
···.stat$ Co•llege have investigat.ed·the·b~haviol" ~xf fuel. spray, · 

' .... . iinder 'varying e.or~itions'; and det.e~me<l a . :feasible m$an$ . of 

. finding tl,e droplet a,ize".-·•· 'Ffte 't¥,el ~pre.r. is <Ooll~cted. :in· a.: · 

... ·. :'tan;tij.!)8 l)l'Oduet, called Queol'., v.h,1,¢~ p~esei--ves, t'he· adz.e 

shape of the. fuel dr~oplets. until a> ph<tto~aphie pieture 
·_. . . . ' ,· . - -. ' .. -·.- _, .- '_ . . .·. 

be taken.. : Thus, a certain po;;t.ion ~t' the tuel .$p~ay can be ' 

· collected for iJ. g.iven .len~t'.h pf ii.me, and.' a phot.ographiq. 

pictul'"e can be niade df' the dr.opl.~,t,f. for a. pemanent. reeo:rd: •. 
, - - ,• , . - . : _-. :: • •: _.; .. -.1·. . . -,- ' , .. c·- . ·, 

• > <' " : -: 

,: ·. ._ .. 

·. The fol:tovling eonelusio11s we;re. deti~ed frcnC t.he~r elt:; . 
' . . . . . 

. . mental work;. · (1) !ri aJ.l, tases:\h~ ~t3at~st nutnber ,ef.d:ropl,tsi 
. tnicrone f n' diameter:, inJeetiQn 'pre.$~ure .. 
- ._ , ' ·- .- . ·.·• 



- . . . 

.. la tbe primarY ta~t-or detern1itling the finenes$' of . 
. •. ,· ---~•···.:.·•• ---,:,_:··· .. ,;·,··~.-.:,;:·· , :,; ._·:_•~--•.<a.",/ - , ,·· .--..,_ .... ,.·.-: ..... _;- ··i•·_,:''._-.··_.- .. _•• .. :.'· ·-, .,: , , , . ,_:-, • 

Iner.easing the. 9i:t pressu~e dec~ea~~$/the mean droplet a:tze, .. · ·· 
.... ( ;l) An inflrienqe <;>f th~ ~:i~ pressu;e w~a a:ts Q nqtea .•. 

. . ·. ing . the air p~essure decrease$ tte <m~an d;oPlet- sizel 
· :c:reasfng.·· 1the·.•·•·:0$1.·vise¢sity .in.cr~~ee~ .. ·mean,_dropiet diameter,:· ... ·. 

(5) .Below o. o:u> itiohes orit:t~e: dt~Jter th~ d. roplet sizes . 
.. ,.•:J··, 

· :decrease ·with sftlallero~1t1ci ·sizes.·•· 
·. ameter the ';ffect/ is not• .p:ronouneJd• 

._ . . 

· ur .• s .•. ··.·•·r,s ..•. Doble,.i~.ia.\:.~T~·.,.· A.Jt •.. :r~c.:,·tpt:. the·. 

J)ep~tment of Me:asre •• Imp,_~r·ial Che~eal. n.,.a.uswies, L1ttlit¢d, 
used. :a inethod by,>.·•·lA'htcb -~tJ,Rliz~~ d~o~let$·•• :ot. Water·._were.· coi~ •. 
lected .in <l~e.tot o::tl, tincl,phti!<>.sr~pbie means were later used 

, . . . . . ' ' . 

experiment Mr. ·. Doblti waa .e~ietly :i~te:res~d in finding an· .... · 
. • emperieal means of: des!gni~ a:~orolzing noz~les 

' . ,' ··. . . ' ' ' ' . _._·, __ ,': . . . 

. set of c:onoii tiQhS:• rffius, Jiia :e})i-~f futere$t was to fo:rinulate .· 
'· .. ·. ·•"'', ' ,,' . ..·- .. : ·,' . , . '•, .. 

Some·general.··.rela.tio+1~·f,tom•i•,v11iql(.'.a.:n'.o.e;zli!' .. couia. ··be·.designed· 
, • • , - ••• : ' • • • \ ';' ,,: • • : '.- ' • .-·; '.;' :·' ·_. > •• "- -._ -- ' ''... ' ' • 

· ·tp have a det:lred output.: at•~•giv~~:p~easure,• · and to••have a · 

. p~edetermined average• p~t.toie .&;~:':~.• A . K!nQWtl apeX angle of . 
",the cone o:f sp:ray •. In h:t;_. tn:~e:et~~tion, he, alto ~eterminedi,; 

._ tor h1a given -aesign . ~r ndt~1es ·the e:ef~cts ~f pressure an(j · ...... · ·. 

or:i:t'iee diameter .. ··of tl}e t1ozzi~ \1p6n· the.·partiel..e·•. stz~. . 
. irr~' Dobie dete~ined t11et:t~li~ing conoluaions.; ; .. (1) . 

. . creas~ :of preasu~e from ao.: J>~1lnd$:_t6 ·70 pounds per 
. ineh gage decrease a. ·tbf! . ~~.~.~~•·· .. tiar~ticle . . only · .sligh:tlf 



. . ·- . 

little ~ffeet ori tbe a pray e.one a,pe:x:. angle.. The p~ak .· · 
). volume distribution··. moves _oUt\Val'd. he>Y.feye.r, tQward~ th~ peri-. 

.. pbe:r•Y of the: cone wh~n .tbe PI".·. ~ssufe. is· inereaseci,., a:n.4. a.··.·: 
, • , • • • • I • , • • ,. 

· ·1arger··area•· ~s, .tberefore,•···•.··.eover~ more.·tini'.formly. . •··· 'l:h:i..s 
. . . - . . - . 

to··the recanmendation' t'h~t'the 11ig'hiestavailable preteure. 
. ', .. ---.·•:;,-··:. ' . ,.;._·.,' . , , ,· _·, ', . ', , ' 

should. 'be ·USed, alway$ 1/fith tb~ p;oviao tha.t the total output 
. . ' ' . . . ' . ··-· ,, \ '• , . . 

of any given noz~le ie aPPI:Q~iµiat;ly proportional· tQ th~ squ~e · · 
roo·t of the pre1sure,, . (2). Dlewees~ :~:r· the,. orifice •diameter Qf: ·· .. 

the ·nozzle, up to tbe limit ·pf s nmi. eove;edby. the·imveirti...: 

ga~ion, dec;,;.eaaee the par.tioie· ti~' to below 100 microns .. 
Cl mic:ron : .OOl. •• ). aiit':l,:µ1e~ea~i~· tbe el)ray <Jone apex angle· 

· bUt decreases tbe eoncentr~ti6n:-~E:¼r .unit aJrea., #1 spite of .· 
. the f"aet_ .that the total no,;le oJtput isine:rea.ted~.·.• 

. . . . . - ·.._ .· . 

· of tbe orifiet ihoulg:1 t'hereforefbe a$ gree..t as possib*e, . 
. depending µlfon· 'the ~axlttlUtt1::$llg4e/of•.spray· permissible·· for, the· .. 

specific purpose. of. the.noizzl.~~i .A:tso, ~- Dobie ran a·.tho:.rough 
re1earoh sh owing the eff e,o't swirl,venes . and plate a 'have .. on 

the :tuel $pray ch~act;rieti:Qe. ·;1:1~ con.eluded ~ha.~: t~ey de ... 
fin;i.tely aft ect. the .a.t~'itation prbee~s · and can ·be used· to .. 

' Va:f!Y the f:tnen~ss Of, tll~ itu,1:(p.tielee l.~av:i.ng the nozzle. 
,_.' _,. - ·. . -, ,, . 

. · As yet, there ie cox,.sid.er~ble :red,~aroh w•ork to b~ 
part of · the ,£\lel ··atomiail,}g 1101'.~le·., 

· Mr,. ·Dana i,. tee o£·tlle If;tional. Advisory Conmittee 

Aeronautics lJGrformed a TUJ~y· extensive re,eear,ch of the 
- ' . . 

eh~~~t~ristics ' - ' . ' . - ' . . 



, •9-
automatic injeeti on v~ves in .eonnec~tOO: w:i, th eoropression-

igni tion engine$. , lie ,· eolleet.edYthe• i\!el: droplets ·on smoked-: 

:'glass plates in an ·a:tr•tight ehamb~r in which the .. conditions• ... · 
.· .. ··were aimila:t to ·t.he combustion eh~ber in an :i.nt•rnal eombus- .. 

- ,- . 

tion engine. It was neeessary tom~a,sure @d oou:nt tbe 
.· ·• · . impreaaions ·made •~ the smoked•glassPlate, arid it was as-

sumed the Se impt-e $S :ioria were the /Sam~ eiie ,as the , actual tuel i, 
' •• • •• , •• , •• ' • , •• • ·., I • • - • •• -

·.droplets themselve·s.. This ,18 notC~ru~ and Wlll yield only~ 

·relative.values droplet size.·· Alaci,, the larg•e.:r· di-op.lets.· 
. will probabl.y have a greater spreading effect than. the · 
smaJ.ler dropl~ts, therefore;/ :the erx··or in 3$SUIDing tbe. im-

. press ions are tbe true val~eit ~dll• riot be a: eon$t&nt error·.,· 
· N just:lfieat,ion of the abOV~ ·$,SSµnt:ption, was me.de by_ tw., Lee· ·· .. · ... · 

. ·. vhi<Jh indie&ted the perc.entage ef iJ~ro; intrQdueed by hi~ .·· .. · 

. assumption was very small. He. caioul.ated the· weight of die~· 

· .· · · ch.arge frcm the fuel noertle : us:tng the. ~uinb~r and size of the \ · · 

. fuel droplets. collected · on >the arnoked-glass and. compared this . 

value to tbe actual <.l'.i.$.c'har~e co~pu1:.ed by t1:1e flow formula. : 
In ea.ch ease the :two value• within fifty percent of 

each other, •. This seems, to:be a l~ge error bu:t if' We oon-

sider tl1at he eollec:.ted only O,l pe:teent or less of the drop,. 

. lets in. the entire fuel sprey,; the e:rror is not too g:r~at. 
. . .. 

···•In his experimental w~rk Jtr. tee de~ived tne following · 

·conclu~ions: ·. (1) By incre~sing the velocity of the fuel ,, . 

·.·.flowing through the nozzle, th~ number of "large dr,oplets , •. 
. . .. 

decreases; tb, mean droplet -&ize decreases, and the fuel 



• spray 'becomes more unifol'in, (2) A 4~crea:ee in the orifl·oe 
·· oi.ameter also r•eeUl.te. :tn if ~9:re .unl:form fuE:l. epra;y and. a 

· .. much, smaller roe~ droplet.·:si,~e of .• the fu~l droplete,, 
· (3) Meanclroplet eiZ~ .. ·.of :tbe tu.el.'$prar is Qn:ty e:lithtly · 
. affected by .the density :of:t.he air-' :fu:to /t~ibioh 'the· tue.l. 1$ ,· . ' ' . .- . :;. ' . ' '' ', . - ' .--. , , . '' . 

. . . 

of · :the · pressure 
. .4-ianinant ·:raetor-

drop.thx-ougl~•the>.nozzl~ is. t~e moa.t pre- . 
1.n the a°ttQtn:izing of a fuel• f5) li~xt to the 

' ' ;. :.·' .- . - .• . , . ' 

vel<:>oity, the most .tmpox-t~tr .taotor :i.n tuel a.toxnitationi is . 
. , -~ . ' 

the orifice di~et:er, ($)'.,:;iii~· orifi.ae·.1e:t1gth ... dirunete:r ratiQ 
. has no appreei~bl.e ~f:teet\oh thi a:t~i~atio..11 proeee~ 

. ' ' . ·_ -'.. , ' ,;·': -- .. · · .. , . .. . - . . 

··.· .a. fuel e.tomi:d~ noz21le~. ·• 

.· i1r .•. J,.. Sauter, a ~an••-•¢1'~"t:i$'t, ie t®$idered 
,, .. ' . -·, . ' 

one of the· leading .~uth9r,:i:ttas: in the field. of 8.tomization ·. 
- . '. ,_. ·, . • .. ·,, _,_. __ 1.- • • • - .. ·,. • . 

·. sinee hia ·wo:rlt1 thus far-~, has been··W\surpasa·eg •. ··· In the 
. ·. ,,, - . ' . ,','.'". -. . . .. _, . ' 

comparison ot' several fue.l..· sprays, th, etfiQ1ency of atomi...; . · . 

·.·zation .. is expreifSed· in terlZ!s' of. t~~·· $Q ... ealle.~ 
. . . . 

.diameterfl. . The·· usauter~:niear.l: .di~~t~~tf ·may be· calcµJ.ated by< 
· $everal diffe~e:qt methods iccording )ti) the eonditions under· 

. : ' . . . .. '. 

Villich the fuel spray i& 't.o be used . .,/ Co~pl~te tre~t.nient oi · 
these calculat.::tons is car-ried ou.t m' the portion of th:i.s · · . . ~- .· . . ' ' ' . 

· •·thesis, · · enti t.led ttI>etemin,~tlg the Efficiency· 



_, :, __ 

~he· Objcrrt.. of: the ~v~st.igat,ion ·· · 
• ' ',, • • ' •.,-•••, ', •• • C •,• • 

'1:he object Ji 'thia inv~s~igat:t~ >was to d.ete~mine t.he · 

. e:f'f'ect. .of p1~e$S\l:-e on· th~ Jtomtzirtiort\koee:aa, 
. ' . ,,. . ' . . ' .. ' ,, ' .·' ~- _'. '• . -: ' : . - . . 

se,,:,t'.al. e:ttempts we,.. ~'#li 'I,~ ell!ll\ 01' ~" methods 

· discussed in t'he review. o:t''.11.te1~atµre in det.ermming the 
fuel droplet eize and numb,j. ·. It. ·:e1~·b.l1y· beeame &via~t 

. - • ' • ' .·" ' . r ," •:. ' . ,· . • • 

that the •only sui t11ble meatis of 91itain1Jlff the fue1 droplet 
s.ize . and .numb,~r wou.ld' be "t,O, t.~~ .'fi bt~•-s,pe'.ed phot.ogr~ph tif .··. 

the fue.1 sr:iray itl&uing froo-1' the·· n.ozz:ta.- !he ditficul t:iee are· 
'• ·,. : . . -

•· .. sar:fou~-~ . . (¾ clear p'hotograrjh of ,'a, ~l.\~t ·••movi~· obJeot ca.--i bt 

· ·•·· ,,._;.., ra_pid rat.et (~n by <:ollt~ollitlif the . iiluminat.ion pericx:f 
. with t;~e' ~mnera/ pl.fieed in : :~. dax-k. ~o~m ari4 .·tba. ;1ecbanical 

. . t.'he illumil'lat~ion must btf '\fe'.ry britff If .a d;ro~ ot oil, having' ·, 
.. ·.tt··. diameter 2/100 nm,. :ts moving wi'Ul ;~ Gpe$d: pf' 100 meters ·p~-
eeeano, it -travel~- the le;t~lt of iti die.met.er in · .. · 



. . 

I:f a uaef'ul pi<:rture oi' sueh $mall object is to be ob-
. . ;. .. . 

.tamed, .tlle length of the illumina:ti.on time shpuld be less 
·: .. - :· . . ' ,. _. " 

•.. than 10-7. seconds to give a cileal~ ph<rtograpn.. Since a camera 
•···with a. fast $hUtter_speed ·.:t~'veey expensi\i-~ to· obtain, :the·· 

first_ method phot.ogra.;phiilg. a fuel. s:p~ay .• was dis~ega:rded 
,. ' ,·,:. . 

preferen.ce to - the second..:method mentioued above. .'lben too, 

a oanlera with. such· a high shutt;er $peed ta n~t obtainable on 
. . ' . <' ;, -- ' -, '• ' 

· the present , day market. ;All(}the:r serit)US. p:t-oblem arises due . 

to the aif'f e;rent .·sizes• ot .iei drop~ets;. ther,ef ore., each drop 

. will cross the leµa of the :carnert:1 i.vitb different speeds• . The . . ' . . . -_ ._ ,-_ -· . , · ... - . '' -. '. 

large!" dr.ops of oil, on ·a.eeeunt. o{{their. amalle,Jt ratio. of' 

surface to· volmn~,: wiJ.i be aocel~r-ated more slowly and, there• 

.. foi-e,. Will require a m-ea:ter ,le~t'h'<,:f _time to CI'OS$ t:he lens 

.· of the camera than tbe sn1aller fuel ,c,lroplets. Thus,· the· 

photog:r;-a:pb.s Will. show a grf!_at~~ nutn'ber of large .drop$ . of oil 
. ·_ .· - ,.- . .,_._,..-.-_, : .· ,:_··,_, 

· · than compared t(} the aettia;L comlitians ex;isti:ng in the fuel 

.. spray.··. 'To_.eliroinate such an error-;ould involve ecnsiderable 
. . 

· expense 'and wcu.1d' n<>t seem pra~_tie<ll $inee · the er1;or . intro~ 
. . . - . . . . . . . ' 

· ducea is very• sma.J.~. · · 
. . . . 

T'be general layout · o:f: tlle equipment, used in taking the · . 
. . '_• .. . ' ' ' _, ·-, ·-_ . . . ' . . 

photograph$ on t1t1e :t"ollowing pagee, is $hown il"l Figure 1~ . . . ' ._ ' . . '. . . - .. -· . 

· -I'.l!any · trial runs were mad.e to de.~t.t#trd,rie the best· position· of .. 

, .• the camera ,and the light iv1 t~:;espec't to the fuel, spr~. 
. . . . 

· It was. finally decided to . placi· the <light and camera as close · ··. 
. _.· ,, ··:._,-. '· . . -,- ·, 

• < • ' ' 

. togetner. as possible, .t'b.us,. ;hay{ng a .very. small incioerit. angle_.·· 
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·•·• .. •······•·····•·~e:~:tt~~:o::!;r~;t\e:~i:·••.~~·· a .s .s::.· .. · ...•..•.... ··· .. · .. · .. 
. · ·:. ··. . galt~ -pe~ ll9ui-, f4onar~n,. •-9:~ic1 _e_~t;A~, -45 $~~- ansl~l~. A .. •· . ·.. .a~~le~ .~"t~}~)!~~~~:,~~,;.; f~ 1~i 

·._ .. <::-'·:p_~_D -~.· .. '15_ •· .. _ .. . _·:._ ·. . ., ... -,:··· -:.:·.:;.: _;,. ").c • ': ... ,?\/::_:.,:·• 
~w - . ~··· ...... _; ;._ ... · .. -~-.-?·./:--.:._::/\:~~-/:-~ .. ~::.-·!:~ --.-,· .... ,,.: 

· .•... •·1,- :!::::}~::::r~1i~~~iJ:g.iat~1? i;;·t> saii~~ P~l' 
_,.hour.~~: .10~-.PSi'-~~1:<pr~~~ure·;:· 45~:: ;~~ay __ angle, , . 

;·::, ·--~' ._·.- --~·~. 1'·.-~·:,:·.' --,-~,-· -~·-.~-.:·.~- ..._·, .- - . . ,. . . ·. ••· ·-2tC!itfa.~,~~ \!J~~1;.·w~kB••·~e·t•.·••·.· ·•·'. 
i ~.~· 

.< : :inat.1tut~. . . ._ 

~ef ·tl'• Fo~tit~•~t•f:]t~tf ,e~ f~!~~~~~t-;\} 
unkalovm-.: :· ~:r.iv:en; by .a;,·l/a ,·.pp, ;t7@ .. r:J?l!.l, J32P:_-vq_lts,- ... :,· :·:· . 

. a•. Ph<laef 6Q'f ~i;•~f ,:~ec~~• r'•~~ •.. !l~Qt;~~ ~of~/··• •. 
serial. _No.-_ I?.- L-_ll7.08, .. · 1nanu:f'actured- by·· the.·TAasta~.- . 

:i,E;[e!t.:r;e:··co~1n~~;/::~~y-~~;:_:Oh,i.:o'.i>.:~-'\ •.• . ·· · 



· Fuel, ·pressure g8ge '. o ,to ~00.: psi ,r~e in 2 pai in ... 

qrement.s,. Bourdon. type, pr"eaaure gage, manufactured . 

1-··uel, cooler ... _· l!(folianic al ,Engi~~0ring Laboratory equipme11t. 

Fuel t,ei4:perature, theru1omei:.ef --.~-· ~. ;n~h , immersion, mercu:i:-y .. 

. ¢olumtl, :pitro~~n·· filled,· .-20°F t,o l20°F in 1°F .. 

... inc·r.ements,· Eli~er arid Antehd; ,lfim_Yo;e~.-· 
Fliel _ tank _;... s gallon capri~lty, :Mechanical Engineeri;ng. 

'_\· .--· ••• ' -:·-·. > 

Lc;tboratory_ eqµ{pmerit. :_. •· 

High~speed photo flash light>.:. F'.abricateef .. _at Vir_ginia 
, ' '/-

Polytechnic Institute. . . ' . > 
. Camera .. Speed Graphi;/ Graflex, manufaoiu,red .by Ea$tman 

<Kodak, ;t)4-.7, :J;:3~ ~nrr,. :4 ·• :9 inc1?- negatives .• 
Film for .Camera • Tr;ipl~· S, k'tlll~ ·. Ant1.:..ua1.o; ma,.."luf'actured hy ... ·. 

Ansco Film Company·,_>Bing1lemtonl ,!.;J,. Y~ 
'·-. ' ,_,' 

C• . r~e"t,lrod ~~:J~eedure····. 

The ar1~angement of. the•;eqtiipril~nt;, ·as shown ,in Fi~re l,. 

th.e preliminary. step l:n the. test procequre~, . !he camera 

. . . ' . . . 

. which gave the be.st results JtS previously determine~ in the· . 

. .. trial ru:ns. The pump was pli:leecl,,in operation at. ·t11e desired 

·. tue; pressu:re,. · an<l the oil eOolex·. Wa$ $0 a.d.fuated as to keep 
- _the oil tetn:>eratut-e at '889F~ · 11'.he bailk. cif', ciondern~ers was 

_ charged to }~00() vol ts; t,h\ts, pla,.cing , the pho.tq · flaeh lamp in 

readiness for- µse, With- the room comIJlet;,ely d~k~ned, and -



·•l8 .... 

··the meoha.n:tcal. sh-µtters. of the· cam~ra opehed, t~e bank of 
. ' . ' ·,. . . 

condensers was allowed to di.scharge through ,the glow lamp, 

· thus, giving the· illuminv:tii,n'perlod f:O!' 't,he exposure of tne ... ·.· 

film. 11his J:,Tocedur~ ··W&;$C~ll'.'rled .put.<for all the. desired 
::_ ,'· ·' 

tuel pressure.1;3 on the nozzle oii temperature wae, 
. . . ·.,. 

. . . . 

· held constant. Upon eompiei:ion ot' E>~ch runt the photogr€tphs . · 
were rnarkod so as to propet,1:/ identify them-.•·· 

D- ··11,e EttGet ot~eeaure\~Ato;ni~ation 
' . . ·,·'· . .-.. , 

The photographs on 'pages were taken of. a f""t1el 

. (Esso heeJ:,:lng oil medimn) spray .1a:a11ing from a s.:;i gallon p~r ·· 

. hour, 11onarch :fuel atomiz:t:ng;:nO~zl~ ·.·.· Co.mplete details ot the 

:f'uel nozzle may be found l$i ,-F.igure:2 on Page l.5., Each photo~ 

graph shows the improvementi of ~torn:tzation s:s the :fue1 r:ressur~: . . . . . . : 

on tbe nozzle was in<.~rea,sed •. < i\ Corl:lp6\r•isoo :of Figures 3, 4 1 and .. 
,5 Sb.ows the cr2anfre·1n ftiel'drppJ.ei:, ~ize as·:t.he fuel. preasure· .... · ... 

,: . ·.· ' .... ·.-· . . 

the nozzle was increased~ :'.,nlese,.:pb.otographs wei--e ta.ken as part_ ·-

of' th.e W?liminary work: to det1ex-'m:tne if a P1_"¢,je,ct, such. as this ·, 

would be feasible. Figure~.'.61 
taken at ,11ressures .21,. t'.~3-;,':t;o, 

9; 10, ·11, 12, a.nd 13 were 

'ias, · 154, and 191 pounds 

per squ~e - inch gage respectively, ;Which sho1H· the improvement of 

atomiza:tion as the p:r?essure increa~es. The prevailing conditions 
, . . •-.·.··:·,. . : : ·. . ·. 

during the taking of t:he$e phot9grar,ib.a v1ere as :follovvs: const@t 

oil temperature. of 88°F, .·room .. temperature. 85°:F, barometeric 

presistu".e' ;2~,06 inches ot m~rcury, attd air velocity .of zero~ ... Com~• •·.· ... 
:plate. t~eatment of th.es~ ,r>hotogr~r,ihs will 'be. found in·. the .die;... .. 

eussi on of the results" 
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Figure 3 

Oil Pressure 12 psig 

Oil Temperature 88°F 
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Figure 4 

Oil Pressure 75 psig 

Oil Temperature 88°F 
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Figure 5 

Oil Pressure 165 psig 

Oil Temperature 880F 



Figure 6 
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0il Pressure 21 psig 

Nozzle Position 

Oil Temperature 88°F 
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Figure 7 Oil Pressure 43 psig Oil Temperature 88°F 

Nozzle P~sition 
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Figure 8 0il Pressure 60 psig Oil Temperature 88°F 

Nozzle Position 



Figure 9 
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Oil Pressure 82 psig 
Nozzle Position 

Oil Temperature 88°F 



Figure 10 
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Oil Pressure 103 psig 

Nozzle Position 

Oil Temperature 88°F 

.,_.--------------~-----



Figure 11 
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Oil Pressure 128 psig 
Nozzle Position 

Oil Temperature 88°F 
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Figure 12 Oil Pressure 154 psig Oil Temperature 88°F 
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Figure 13 Oil Pressure 191 psig Oil Temperature 88OF 

Nozzle Position -- -- .... .__ 



• ,,· :. ,': ,- ,- • • ' •• ::' ' -; • J ;' ::· •• -

&i-· ·.•· D~termining the. Efficiency .. ot' At,~i,t(;l;ti~. . . - : ,, - ·, : : ,_• ,, . 

· 'lhe mixture of. air and: :'~in atomiz,ed. fuel spray will always 

.· •.•. ¢Qntafn d:rops of tu~l of V~Jing: $•iZO£.{ and n'umber. .It ia .. '.· 

nece.ssary to have .$.Olllt~· .represerrtitive·m~:ans by '~hiob a fuel 
4lP~ay may be:¢l~sif:ted, tbu'e m~1ng:j_1;, p~es:tble t,c, con,pare···. 

several tuel, ~PJ'~ys . in :~;egard_'.to . i11e'.ii, t1$8ree o:f · ·.atomization.>· · 

Since th~re ieno. hard 'and'fa~t rii~tboo.._by -~i:teh tl:ie,de~ee of· 
,, atomizatictrl [Fl3¥ be oaieu:tai~f.jt lie neee:ssary to un(lerstand '' :_, _:• 

the· eandi~iona ur1der Vl'.hl~h :t,h~ t'uel ';$~rays are to be -~~pared. 

Becau&e .. ,tuel.Sl?l"ay' ·.conta.:f.rif•~toi?@',pf fuE!:; of many·d~f-terent ' 
sizes•,_.the· ob,je~t .. :ts•···~way;\'t-ictete:r:mine, the m.ean sizet _based· 

. ·' upon tbe existi~e eonditto:~1$ ;bf .. c~tt1parisbn., ln ord~r ·t,o obtain > ... 
a e1~i terion t:or the at~iza1;,1\bn •t,t' \{ $pr;., it £a necessary to 

rep_lae(t the drops 6:f d:i.fterentS Si~~$ · b1- drQ'})S .• of ,att imagin~y 
fuel spray ,Of a defini 'tely: d~t'jned m~·~ S-iZ$ .· .. · In, ,ea.eh ,' of' .the ' '' 

. ' , . . . ' . . ', . . .. . ' . - . . -

. . ', . . 

th~ fu~l d:roplets u • .· 

'ihis: method. at t;'irst fuay -~n<li.eate t,'he 'unif~rnii ty of the· 

eprFJ.y ie lleglected.t 'bUt. ·1n•·1catEU1 di~¢U$~-iOtl: it wil,l. 'be taken ·. •···· .. 
,. -· - ,.. .· - ,._- ·. . . ·-· ,· . ' . ' ., ' ' 

... into account. ··•. lri OQinJ7ffear:ing ;f~i atomizat,ion of sev&ral iipraye,. 
i.t will b.e .neeess~y· each ti~e\t.o •at:omlze a·give'ri Vol-um~ of.· ... · 
the. tue~, determine t'.b'e sfz~ 11~ nmnt>el"' of dro_plets ,producell•. 
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and by one or several of the following_ methods, the sprays 

may be compared as to 1:heir degree of atomizat_i?n• 

To aid in clarifying the ensuing discussion, the following 

symbols will be defined. 

R0 = mean radius of' the fuel droplets of' the 

imaginary fuel spray. 

N = total number of' droplets in the imaginary 

fuel spray. 

A = tot.al surface area of' all the droplets in 

the imaginary fuel spray. 

V = total volume of' all the droplets in the 

. im~inary fuel spray •. 

n, ,n2. .,n., , •• _.nx ;: the droplets in the actual 

fuel spray., 

Ii ,ra. ,~ , ; •• r" = radii of droplets n, ,n2._,n3 .,nx , 

respectively, in the actual fuel spray. 

a, ,at ,a3 , ••• a~ =. surface area. of droplets 

n, ,na.. ,n3 ,nK , respectively,· in the actual 

fuel spray. 

respectively, in the actual fuel spray. 
t' 
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Case I 

The niost. straightforward method of' calculating the "mean 

radius of' the fuel droplets" is to take the arithmetical mean 
- . . - - •· 

of' their radii. · In this case the actual fuel s:pray c~ be 

replaced with a pe~fectly 'uni~orm s11raY, haviri&": the s~e 

number of' drople!,s, _and the: sum of' the radii of' all the drop-

lets in the spray are equai. 
Theref'ore: 

(R0 ), (N) = Ii + r2 -+. -~ .••• ~r" 

(R0 ), = r. + n -1- ra- ••• -tr11 = Lr 
N ln 

Case II 

The mean radius of the f'llel droplets can be _ca.J..culated, 

based on· ·the total area and. number of dr_oplets in_ the actuai 

fuel spr~y. The actua~ f'ue:t. s:pray can be re_plac~d yd th a . 
-perf'ec~ly uniform spray, having the same numbe:r_ o~ q.roplets 

and the same tot~?:-. ~u~f'ace area .~f. a_ll . the d?="oplets This· 

§eems to be. a very good me!,hOd in conjunction_ w_ith_ co1~fbusti~ 

efficiency since· the. surface area, available for evaporation, 
. ' .... .. - . ; . . . . . . . . •. . . . .. . . . . 

is a very. important factor in the. combustion process. 

Theref'ore: 

a, + aa + a3 ••• + ax : 4 lf If + 41t If + 4 n If ••• +4 Tr If 
z_a = A ::: 411" ·rcra) 
A• 4'tfN(R0 f. 
(Ro). ... ·fili -= .. 4Tr rcr') 

4l't I.n 
.p;;;:;; 
J--;;;;-
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Case III (R0 )3 

The actual fuel spray may be replaced with the uniform 

fuel spray, having the. same total volume and equal number. of 

droplets. Thus, the uniform spra.y and the actual spray agree 

in the volume of fuel and .. the number Qf droplets-, but wi_ll 

differ in the total surface area of the drop~ets_ and,. trier,efe>re, 

furnish very little information about the vaporization charac-

teristics. 

Therefore: 

v. + Va -+ •• • •vK = 4/3 TT if + 4/3 TTr1 + 4/3,,.. :r! ••• + 4/3 lT :r! 
L. V • V ::: 4/3tT L.(r3 ) 

Case N-

V ,:: 4/3TTN(R0 ! 
(Ro)3' = I 3V 

3 4lTN \ 

(3 )4/3 'ft ~(r 3 ) 

41fN 
= 

In this case the actual fuel spray has been replaced. by 

the imaginary spray Which has the 13ame total volume and total 

surface ,area., '.Pb.us,. the imaginary spray will differ from the 

actual spray by the number of droplets and the radii_ of' these 

droplet~, except in one case in whi~h the imaginary spray and 

the actual spray are just alike, indicating a degree of uni-

formity. 

Actual spray: 

L8. : 4 lT L C:t ) ·: 
2v = 4/31l _L(r1 ) 
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Imaginary spray: A ="[a; V =2. v 

V. :: 4/31f N(R0l 
N: 3V · 

3 
4U' (R0 ~ 

' 
A : 41'N(R0 f 

"r . 

(R0 4 = ~v = (3)4/3lt' l(r3 ) . 

A 4ll'" !(r2 ) 

Case V (R0 } 

= Z(r3 ) 

!(r2-) 

In this case the imaginary and .. actual spray agI"ee in 

the following values: (1) total surface. ar~as of the dr.oplets 

are equal, (2) ·the.sum of the radii of the droplets are equal. 

Therefore: 

Case VI 

A • . '.r a : 41" l°(rit) 

(R0 t N = I_r 
N = ~(r) 

(Ro)s 

A : 41fN(R0 t = 411' (R0 ~ ~fr) 
(Ro)5" 

(R ). - A . = · 4 t(' '2'. (r2_) 
O:s - -~--

4 tf 'l_(r) 4 "tr~ (r) 

In this case the imaginary and. actual spray agree in 

the following values: (1) total volume of the droplets is 

equal, (2) the sum of the radii of the droplets are equal. 
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Therefore: 

V = I, v = 4/3l'( L (r:?) 

(Roi N = L (r) 
N = L(r) 

(Ro)'-

V : 4/3 TI N(R0 f 



mechanism' t'b8:n with, the actual f'undamental.s, o:f the itemization: . ' .... •., . . -. .... . ' :,,' .. . . . ' 
.· . ' .:. '. ·, . . . . . - . ·.' ::: 

problem ·itself• The accepted theory, by ·wrkieh atomization ;ta' 

accomplished;, deals ~i-th t/b.e. :forma:ti.ori ot fi..Yle ligaments or' 
• . • • . .. , •• <' ', ., ·, ,·. . --

thread~ of fuel' vmlcfh eolia1;~e, ~hen. tl1e surfaqe tension of 
the .:fuel.is exceeded, tnui,,'<f9izn:tnf;v~icius. siz.ea ot.:fliel · 

droplets,. . ~e s£rfa~e of :'t~~ jet o1; :fuel le~~in~ the nozzle 

is •subj·eet to alight disturl'Jarices: •'ll'ihich ar~· eaucfed by variou$ · .. · 
. . . . . ' ' ,: ·, . - . '.·. . . ·. - . ' . . . . . . 

conditions,. such ·al?,. vibrationi· of :'!,lie nozzle, irnperfeot 
,. - ' ' - ; . '', _.', ,. ·• - '' . . ,, . . ' 

construction. of .the nozzle,: v~rtex' i'omation 'in the nozzle, 
.·ana· the irifluen~e ··of the.<su;~oundl:n~·~ir-,i · These disturbances;.· 

plus, th~ friction bet:ween. the t\191.and the air, cau$e the .. 
• ' '., ,'',• _• • '••e• , ' ' 

. tormatiOn ot the ligarnetits :or :tt;ea~$•' of fuel that, ever~tually 

break down into >Small fuel,' qroplets/ These dr9plet$ of fuel ·. 

liave · a tendency toe, be. thrust to. tb.e out~r portion~ •. of the· .fuel · ,· . . .. , __ -,,• •,•. .. . ·. , . . . ' ·, 

,. '.jet; ca.using t'htf center of the .jet~'·t6 consts.t;; mainly o:f the· · 

·.· .. · .. i,:tigaments of fuel. Some· ~v;:td,eriQe of ·this p'henomehon ean be · · 

seen in Figure 3 .on Page 19.. Thi~· phc>'.t.ogr~ph. el~arly shows · 

·. •.···· the ligament. of fuel ne~~ .the 'noz¢le and; the fimaller particletl .. ··• .· 
. of. fue:L at •the outer ed$'e the :~pray. . 

A few of the leadi!lg aut.h>o:rities on atom~zatlon have 
stated the law by Which the d.egree of :atomization veisies 

',. . , . . . '. ,, 



.•$7,~:-_-

'I'espect _to:pressu~~~- :· Tu!rf d-/-~._;'Joyee: e~a1ma·tne clegr.e~ ,of'.' 

.·,·.·. :· . ..... _ ··· .. ... :;• .. ·-::~-- ·· .. - ..... •.:·_~./-···. ··.-.--~--._~·\···:,·•-:· -·:··:··:.:_. ·~-~;· ,.,.__ __· .... _, 

_- : of_ : the dro_ple :ta v_ari,.s d.ireet,ly. :ae.: ·1'.he sjp.ecif:i.c>_ git'avi ty tmd 

;:::; :t:tZ.~:~!~<~ir~~z.::e:::it'. 
:of, tiie· a1i.''res::tstanee ·. '~f ~ut'ho.ri·~ies· c1~£n>1:t: :ie:_,noi'. 

' . •. 

•· . . ,. . . ',· 

-··. ~-- t'he fuel· 

-•··,···:.:·p~ess,u~~-~--•>•~t,o:·-Pl~~-~~t,, -,t_t~mµ~:·;'er~:.:~~·ing-0::1li~~•--to __ .•. im})~~~ .• th1~-·-. 
•, . -'. . . '.. . .. ,- .. ·- .... ·: ' -:-·, - ·:; 

.. . ·.tJ.oeit;,~t,<,: ·~t··•·ftl~l,by)nf ;'.t<Pf j\,}hti.ng·.•~eO, ...... ··~ .. •/ llam>•i.<·. < 

.-\tr. Le.e ox the llf.A.C..:A., ha$ .•. mad,e ar~·ons;i:.d~rable number of 
. :· .. ~' .. ·-.: · .. _:" •f ·~ . - ·::·:._... . .. --.. : • . .•. . ·. :::rir:enJ1i~}:~Ji~;it;~:~:~::s~~:~ii: 

: .-., ecitJ.tro.ls the '.:fl neneas, and. uniformity <lf· a:t,omi-zation. · 
. [ .'··· ' 

.. -iactu-c:t:i.·- ai:~t~~~: ~- of • sii : ~1ci~~: •.-. ~/:ih.~{ ~?fii-d ::p~~in<l ~?e -fuel 
--·-spray- ''.'Th~ :~~iucJ:. iii~tan~~:,b~-twe~n· e~cih s~:9ee~siv; .. ,,,}:dte 

'.,'. .· ........ _-- .. ·.-:-· .. · •.. ~--c· ', :·'.· •. ·.··' . . :·· -:,·,·.•::,'<·/. - .·-.:~ ·."'._;•.:·\~- -~ 
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line 1$ a.ix inehes. · · The • point on these phcttograt;hs1 · marked · · 

nozzle posit.ion,· 1~ ·actulilly'·•·the' PQ~ltion ofitll~. sliie'ld, 
,but such a mark~ glv~s a ~elativ;e ;Jposi ti on ot the equip- .. ··. 

ment.. ' As the pre$~Ure ·m~r~;sed, -t;;he _core diameter 1n.;. 

i cr~ased,' and a' greater 'number' of $lnaller. drbt;let~ O~· be,:· 
·· seen at ~he bu~e;r ·ea.ge,o:f. this cor.e. •,In all tbe photographB 

there. is a general tend;bCj(: 9:f:· .the droplet eize, , at the outer ·. 
' . . . . . 

edge of '.th:is ¢or,e,. to d~~;ehs~;as the,· fu~l., :pre~eure increases,~ .... ' 

Thia e:f~ect.!$• v~ry··pronouric~d,,at th~ low~r pressure ·ranges. 

' Under microscopic obseF'latf.ori 'th.i~:><tebdeney. can def':tilitelY b~ : 
•. ·- - r ,,· •.. , ,· .. ·, • . .. - • -· . ' . 

die ate a marked change in the. ;d,egree'. ¢:ft atomiaatiorl" as the · · .. 
. . . . . •. . ..·:.i' . '. '·' 

' ··. . ' 

pressure was increaseci~·· Tiie:pb.Qto~ei;phs a:t the h:i.gher 

·.· _.preesure ranges are ve;y.ha.zy' du~ .\o· }he: :1.arg~ nuniQe~. of fuel .. · · 
droplets ·p:t-e$e~-e.·· ·The·s~ j~o~t>gr>aph~:'{to I1ot..give·• t,he i:ibsolu~e · 

change ·in ateffliZ•ati.on, bu,:{:'theY .sh (JU a ·relative epange at1cl 
• ' • ._.• •,• •" :•-• ,,• ,, ,, c•,.- •' • , •• •_, 

'"-,· 

mucb can be lea:rned from· >~ar~ful study', of eacfb-. . 

· 'l"he · ta'bttlated data: on: the niext'page will aid in· the· 

discussion of' the calccula,ti:on .of the e.ffieieney of 8.tot11i~atton. · 
, , C • ' ' • •• • .' !' . • .,__. :••.; ; . ,• . •- ' : 

·· .. Tbese formulas. were•·· derived: lll :the: po'.t4tton of tbis t.heai,s., · 

.· enti tJ.ed, · 11D.ete~t11,nirlg the, Ef'f{:eierie} of :Atoin:iz~ti9nu. · .Since·· 

tpere are six methods l)y' Whieli tll:t;f :effi¢ieri.cy can pe calcula:t~d, ·, 
' th~ 'choieeiof methqd i's governed.by the ~reYailing ,c<fuditions .· 

under v1hfch the at~mizatlon 'pro&e,$$.:is t;ak,ing,pl~ce.., Mr, 
. -· - , _,,. ,. ' . ' ' .... ,. . . -· ,. -·.. . ' ' ' '·,· 

.. Sauter haa sµggested ·. the u,Se 'of cas,e !V ,in d~t,etn.tiriing the. 
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. ...;39: ... -. 
. . 

eff'iciency · of atomiz.ation · in Conjunction with the conibust.ion 
. . ' -· < _·:- :·,: . ; ... : '> -; • • • • < 

process of. a :fuel.i 'Throughout mueh of the literat\ire. on. 

atomi.zation,. t'tiese fo~mulas hre ll.$ed, but. $.till t,he· appli~ 
. ' . / _•' -- . 

cation of these formu1ael ;i'.S 1~:f't to •tb.e di-;scretion- of ~he• · 

individual. . m · br:tet.j ~ome cit the, practical applicat,ion$ 

. of these . formulas.· ere as foll QWS: i . {l) determining the .. ·• 
efficiency.· ~f-_.-.e.tomizatio~ arid. ·••i:ita. effect upon __ .couibustion,. 

··. (2) determining· the ,e:fffei~li6y_:of atomization and to what · 
' ' ·, .; _.,- . : ' __ , .. ,'. . . ·._·. ,: 

degree it is affected byprea$ure, nozzle dei?ign,~d :fuel 
and air ehare~eteri$tics+ -

Case 
. '- ) 

·•- · Imaginary a.na · Ao tual · 
· · - spray iwee .in .Va.l:ue . 

• • • •,,'> 

l ._·._·_ . ·,-·n_··· ____ - ,l\ __ r' . . 4.: ~--,._ 

-· .. ';f.{;). #,}il(Rq}., ... 

2 

. . 

3 .. (Ro}_-·_. 

3V 
A 

.,. . ' '-· .. · . ·-_. 

-•-!{rf ~N~l1o) 

• .. -· t{r.1) 

r<r'") 

·--- Zcr'"> 
f<r) . 

. . rcr~) 
i<r) 



A .. · fuel rwessure de:f':i.n:fi;ly ~fe¢ts the • degree of 

. . atomization with.:tn'the .r:~ge<o£::euei pressurea 
. ' 

(@O te., 19:t ps.iJ: .t,eetiad .':tit;thii_ investigation. · 
BY. :i,ncreasip.g 'the '.f'4el:·pre$~U:,r-e, the ,droplet 

.·· &.lz~ deereasedj' and ,th.e':uili:for1nity of the spray 

ine:t~eased. · 

.. B·. Pb.otography is t.b.$ be~t .. rii~~ns to determine the · 
fUel' droplet ·.size., J\lt-hou,gll . t)lia !'~quires the · . 

. use of. excellent/e(fuipmei1t,::thie .ruethod · proved 
. ' . , 

. 'to be the mo$t ~i}t:isf:acto~Y means ~f ootaining . 

. a_ definitf.r piol,uJ:>~ ·,o:s 'tri~ 'pr-oeese of at·omization .• 

c. t'be etficien.cy of· .at9mi~ai:ton 6ah 'be :calculated .. 

if ~he Si z·e. elld, nJmbet- 'p:t> t'uel d~oplets in a 
given $:pray. 
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VI 
RECOMMENDATIONS 

'.I'here ty.""e still rnP.Jly · unsolved p1"oble:rr.s <:::O:ncerning the 

process o:f atomization, '!his irrvestigation showed t'.he relative 
. . 

change of trtomiza.tion as t,he fuel :pres;:;;ure was_ increased. · Slith 

the proper photo,gre.rmic equltm1ent, · ·the absolute· f'uel droplet 

size could be dBtermined, and the efficiexicy ,o:f ato:11iza:t,ion 
. . . 

could be .caleulated. · 'Th.is leads to· the f'ollowit~t reeommend.atioJlfl 1 

(1) A thorough. study eould be ma.de of the photogx·ar5h.ic 

equipment at N.A.C.A., l,a:ragley Piela., Va. F'rom 
. this investigatiollt the co11i¾truct,ion oz' tb.eir 

equipment could be duplicated ~:i.t Virginia 

Folyt.echrdc Institute, Mec11anical Ic:ngineering 

Labor,a tory. 

· (2) A study could be :made of the fensibility of 

purchasing a measuring rt.iic:r•oscope with photot,1rar,hic 

attachJnents and a high...:speed pho·to fJ.,ash lamp for 

l1igh ... s,peed pnotography. 

Wit,b. the above equipment, a. thorough. invest.igation 

. cf the process of' atomizat:Lo:n can be made. 

(e-1) Investigation of the effect of deeign ebaracteriaties 

on the fuel atomization prOeese. · 

If these recomrnend.ations v;ere. carried out,, <many f:Lelda · of 
. ' . . . 

research would be openf)d. tQ. Vfot•k ttt . Vi:rginta Polyt~cbnie 



Institute, Hechnnical Engineering Laboratory. Toe study of 

the flovll characteristics cf' fluids a.tld gases have been 

carriec'i out by t.D{:; use of microscopic photography. many 

other processes, involving rapid .mot:ion an.d small particle 

sizes, have been studied by this methodil/ 
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