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”?*1break up the fuel;mnte *he smalle”

| “3i#fthe particleﬁa 13 an inalcati@m. fx'ha'éegreé af atamazatlamy
’NL@?;?he fuel velaeity 15 the }03 Nimpapwant factor affectlng ﬁh@5;
x:i:ﬁ,éegree af atomxzatlon. TH” fuel vel@c*ty 13 ﬁepenﬁent :

”i’7,;primarlly upon the fuel nressure}”

T%a prlmary purpase ef the atamizatlon prece&s 1s te

partzcles posslble. The'fx"

Qfsmallpr the particlep, anﬁ tha leaﬁt varlatloﬁ in tha size affi

There are other varlablea

that affect the degree of . dtomi z

“”71 fﬂ(l) orifice diameterq (2r“'”77l15'

'ﬁyf~(3) the desxgn mf ﬁhe fuei
ﬁf;(o) den31ty, preaaure, and veioc1

»,Hii;fuel srraj diséhargea.

' ef th@ alr into wbich thaf

Tb@ authar &eclded to run a &eries af besta an a sonardh

“foifuel atomlzlng nezzle ta determlnl_the effect cf nreSSure on 1;H-*7574

'~;f{’the degree of atomizatlﬁﬁ*{«

”7f fdegree af atamlzatlon were mamnta,ned aﬁ mearly constant as

 %11 other V&Pl&blew affectmng ﬁbe§ iff?f   

possn.ble—




ﬁ}.,.d ,:R”vmw ozf' LI ; mm .

Atomizaiion 1& thé p@@eess by'uhich a»liqulﬂ &uhstanca

 1$ broken uy inte mdny gmﬁlwipartieles af varigug gizes‘ ﬁh1&2 7”

_fxﬂvest1gatgqn is éﬁlefly c@n@erned with the atamlmatlon of a fffiﬁ*“w

:f;llauid sub&tance whzch may-b L:,

.,5 a fuel in the preuent

'}ﬂiif¥}d&y gas turbinea, intermc; mbuﬂtxsm engznes; and steam

”*3ﬂfig@nerat1ng hallers. Ther"h:e se”eral methoﬁa by Whl&h atom;

‘f_,zailon %s aacamplz&hed, b ﬁhataﬁamizatien of . a l&qai@ fuel,;f§L1»  

. >ﬁatmm' ing*nozzle, is the method \jgﬂ*ffl |
'(7i“treated in thz& ﬁhesis L SR TR

‘The proccss of atanization has been mﬁmua‘hly ﬁealt mi}h o

kﬂiz.len regard to dzeael en xﬁes 1n7*11ch‘the inﬁeﬁﬁlﬁn pressure

'5jjgenera11y exﬂeeas tw“ ﬁh@f and ﬁe ds per a@uare inehj ”hare ;fff51?*

| 7?Qiiha$ beeﬁ,werj 11%%1@ pﬁblisheé da cn‘atamazataon at ‘the low .

vx"f; pressure ranges wharein ﬁhe & urblne aambuﬁtxan chamber g;fPff 

’72'5j0perates“f In generalg ﬁh pre&au?a actinw on ﬁhe fuel in ﬁhe L

 nmzzle of a gas tarblne_@@mbus : éhamber ia abaut seventy~

. five nuunﬁs per square in 7&%& ;vaery selﬁam exceeds one'*:f'

‘””"'.hunér@d and fxfty paunds per quare 1adh gagaq: mhus, the

:”A{fresulting at@mazatian Gf the “fue " 0n$1@€Tﬁb1y alfferent
‘ *1n these 10wer rangea sf pres¢ﬁre,an@ plays & very 1m?0?t&nt

‘TVprart in %he pﬁrforwance:e” a 'as turbine combu$t10n ehambers

&tam zatlaﬁ aon&xsts ef two

" The mn&lysls of ﬁhe preces&,ow

|  Ciiim®ortant prdblamﬁ, namelyi :“) determmnzng a Praatical meamﬁ j“M'"

3.? 'of finﬁiﬁg ﬁha number an@ size f’fuei dreplwts 1n a fuel spray,




'.'.'f'fuel sprays in regard o thei

1“? ;:£&%10n.'*ﬂ“ﬂﬂ;aﬂff.fffi

  tff:fpenﬁed 1n m1d~aar.
’w5¥f;é&nd welght af a df@p of

?fﬂf;dbservaﬁlun was mﬂdé byi
" fi§ isize of eaﬁh 011 ﬁr@pler

Z*Vﬁst@ke s Lawt Accarﬁlng;

) ‘ i{;?1ied by fhe ﬁensity af ﬁhe o_v
‘ﬁw 7jof the falling ﬂll droplet ean be'éet@rmzne&ﬂiﬁhe dimensions
Tf“;ef fhis drap az ail can be ealcmiated‘ Steke's LaW’may bg,g

M 7 (2) caleulating a ﬁﬂﬁnﬁ 'ﬁglaal‘&eans uf ﬁomparzng uever¢1ﬁ‘;¢’“

ffielency anﬁ degree ef a%amiu

First, all t&a kngwnimeanw"; etevmxnlgg ﬁhe aumhar an

Alll‘-&ﬂ “as able t@ determxne ﬁhe size

:Théref@re, if the veloeityf;‘v”

'f_fexpresaeﬁ.in the follswxng farmulaﬂ.,? sﬂnﬁVA » where (F} f;? "

E :mgg (Vo) lS the valoci’c"»
, L ;};raﬁiua of ﬁhe oil drmple
R the weigm wf ‘the fall:mggz

“ff?ia tre rea&atlng fﬂrceu (ﬂ) iﬁ_‘be f1u1é @Qefflclent af S S
o ggh the ail éroplet is fﬁll“”}ﬁ;   
’1llng d?oplem, €d) 18 ﬁhe EEI TN

:vjvisa031ﬁy ef the medium\th:bm

xThe‘részstzng force, equatsd ta
'l droplet, yields the f@llo%lng




R SO RN e e e
| tomaadGrllt, wnere () i the denstiy of ¢
';:f?dr@plet anﬁ ‘the ether symbe;s areF"*"'””

';as ahove.

 ff anethsr methoa of dete:mzninghdroplat size was empleyeﬁ
”:73; fhy Ju. H. Jeyee cf the A51atxc ketraleum Company whach ﬁﬁcﬁ

fjvmolteﬁ wax preheated te aﬂ em

,era15 a5wh1ch gave ﬁhe sama

- fff{;physical prapevtles as the fue fzn.questlﬂn;‘:Thxs methad

el spray 1& callected 1n a

i%e ,

’”f§ ;f7f1nd$ng ﬁhe @roplet size.,
‘ 7€Li :tanr1ng prgauet, called uueal, fpraserves the ﬁlze and

. ;hape of the fuel droplets untal_a hetegra@hlc plcture an

"’ jfbe takan.- ”%us, a cevtain portio ;.ﬁhe fuel &pray can’be
| f5 2co119cteﬁ for a,glven lengﬁh ef tlme, ana a photagraphzc
 “;}fpicture can be maﬁe of the drcplets fer a permanent record

"fui;Thls wark was éone in e@nnaciinn thh éiasel engxnes and ‘

‘fwf ;ﬁh@1T fuel characteris'ﬁev_”

The fallaﬁzng cenclusiens“were derxve& frcm thelr exper

 5["menta1 work» (l) I all cases ﬁhe graatest number af drcpl s

"f gis belew flve microns_ln alameter, (@) Oil 1njecti'x




fia the primary factor deﬁermaning ﬁhe flneness Qf aiamlzatlon.

Increa&ing ﬁhésﬂll presauietdecrease& the mean ﬁro;let size,

_gpreasure“ as ﬁl&@ noted.v Zﬁcreas-'?7?”7¥l

fszzes.x Abave thza orlfiee dl

;faf;Department of Messra. Imper’al Chemieal IndustrieSw Limlt@diﬂ

|  *;used aJmethod by Whieh.h jized dr@plets f water were cal« :

*ﬂlected in caat&r oil, Lgrﬁphlc means were later used‘

:_ta db aln a permanent ﬂic e»ef thefmater ﬂroplets. In th1b¢

jexperiment‘wr. Boble was ¢l efly interested in flﬂdlna aﬁ
‘_emperlcal meanﬁ ef designlj'jamnmizing nozzles F@r a given‘

%'set of candltlans.' Tbus'

In hié in stigatxan he also determxneav

.the cane of spray.1

}{ mr. ﬂdble &eﬁermxnedfth libwf_g eancluszans: (;}Qf

m"gcrease of pressure from 3@ ound gof?O peunds PBP square

_Mag gparticle slze anly sllghtly

”f'f*inéh gag@ deereases the a



varfy ‘bhe fineness of t.he

As yet, "*’bem 3“8 anﬁidﬁr e

| part of the fual atomim.ng nozzl

Aerona.utms performed a

i za’tion and dn.str::.butwn <

(1.mi¢ren ,”1 m.) amﬁ

'az'm' la;sv leavmg the nazzle« R

ch wm*k te be d@ne on thm

‘ﬁr. I)ana W. Lee af"“.v _,mr: ’.&a‘b _‘nal Aﬁvisory’c‘cmlmee féar

y‘ ex*tenaive reaaarch o:ﬁ‘
;ﬁtics a:ﬁ’ i‘uel“ e




‘,ffautmmatlc 1naect10n valves in canneatian w*ﬁh compwessionmwfg“jgy

“”f”ifignitlan eﬁglnas-_ he collected ﬁheifuel dr@plets on amokeda;?ﬂ*‘"7~'

‘leass plates 1n an azr«tight chamher ln whleh the condltxons,

ftgw@re smmllar to the cambustmon dhaMber xn an 1nt®rnal combuﬂ#g¢»> o

"ifhﬁgtlwn engxna.' Tt was n@cessary'ta meaaure mnd count ﬁhe |

(‘hﬂﬁf*impresalans maﬁe @n ‘the . &makedwglas@ plate, an@ 1t was asa‘;fi;ﬁt’“”“

*:ff“gaumed these impras&lons were the game size as the actual fuel%fﬁ;ﬂﬁQ»f

:;«gffdroplets ﬁh@mselves.b‘Thl@ iﬁ not tru@ &ﬂd Will yiald only .
"7"5{ fre1atmve£values of &roplet Slze. Alao, ﬁhe largav dP@Plﬁtﬁ

o owill probably hava a greater spreadmng effect than the e

ﬁ‘ff’smaller droplets, therefare,“ihe err@r In a&wumxng @he im- 3f7fffﬁjx”u

‘"17fﬁfpressiana~are ﬁhe trae vawueﬁtfill nat be a canatant error.‘“

5'~fij justlficabiwn of the abf A asgumytmcm was made by Mr. Lae

-ahffZJWhich indicated the peraan}age of error 1ntr@ducea by hia ST N
””jrgfasgumptlen was very smal, ﬁe caleulamed the wemght of dls».j;fffﬂ “

"7”fff“dharge fran the fu&l nnzﬁl using ﬁh@ number anﬁ size of the i;;;&f-%  

Q ffff fuel dropl@ta callected an ﬁhe smokeaoglasa and c@mpared ﬁhi&i}xﬁfff;”

5 yalue to. tne aatual dlacvargeLc@mf”ted bg the flow farmula.i{€;f;fil’

17?3% *En each caae ﬁhe two vawuv iégrea With in fif%y perc&nt of

eadh mther,; This aaems to be a large error but if we QOﬁ* B

' Mﬂ;;;$1§er that he colleetad enly G.l @ereeﬂt or. le&s af the drepéfff

ilflats in ﬁhe entire fuel Syray, ﬁhe errer 1@ nat tvﬁ great;'
| In hi& exparimamtal work Mr. Lm& derivaa the follawxng
_,canelualons. (1) Ey increaaing ﬁhe veloemty of ﬁhe fuel
l?flewinw ﬁhraﬁgh th@ nﬁzzle, ﬁhe nmmbar of large droplets

decreaaa&, the maanAdraplet slze ﬁecreasea, and ﬁhe fuel




}spray‘becames morﬁ unxfo&m, (2) A éecrease xn %he ormflce

5fd1ameter alse results in & mgre ’ farm fuel spray and a _5fl.aiv”:‘
ffmudh smaller mean dreplei}sfze'offthe fuel droplets, .;-.v“
M{fga) Mean droplet sk:a cf thé fu@l ; ay is enly @lightly |
.y':affeated by‘the denalty @f J airqlnte whmdh the fuel is

7in3@¢@ed, (4) ih@ veloczty impartad te ﬁn@ fuel by v1rtue

ﬁ fof ﬂhe pressure &rop thr@ugh the nozzle 13 theAmcgt pre-i.,fﬁ
o ﬁ,fhdamxnant factor in the atcmlging af ™ fuel, (e) Eext to thj

% factormln;fuel atomlzatlen i ff 

;“-uj }ve1ecity, the mast impOrtf
‘ he crificej

x ihe orlflce éiameter, (b:' 1engﬁh~diameter raﬁiofé?'v

:}has no appr@clable effect n‘_he°‘ amlzatlan process fhrmugnj;

;fa fuel atamizing nczzlei

mr. J. Sauter, a Garman’selen st,’za ean31dered to be S

'° ’fflane of ﬁhe leading auﬁhqutleﬁ ’ ’yﬁé‘fieiﬁlfo%téﬁiﬁatign.ﬁff}f7%r“‘

B [lence his work, t&us far, has ‘been unsurpassed. In the « -

'&f{comparlson of several fuelfspraysffﬁhelefflelenﬂy Df at@ﬂl“;fl*

"i fzat10n ms axpressed in terms ef‘ﬂhe so~called "5 auter«mean ,

R ;i; several differenm methoés aeccrdxng to the cﬁnﬁltions unde*;ii e

”':"f5jwhich ﬁhe fuel spray is to be usad. Complete treatment of

-*ffﬁhese calculatzans lS ear ¥ed_Gut xn th& Pﬂrtleﬁ Of ﬁhis

,4;fhesls, entltled "Eetenmzning the ?fflczency of Atamlzatlan“




-'Ttha lema af & camem Whieh cém ibej‘, 6§aned an mwe& a:b a.
‘:very mmid ram, ( ) 'b:f c«a 911 \kg 'Lm illuminatwn pwi@d;
| -‘ith the camm piaeed in ‘_mrk mam e:nd ;thémeehanical
_s&ﬁattem on the len& wmpletely 'cn n. Qn aewunt mf the
T:f:i.nene@a m‘ ‘t,he cix‘eps ,of"::' :13, ami ’me: high &pw& v::f me't,mn, o
;:".;the illuminanion must .be':.:ery‘ briefi ;‘,f a dr-op cf mil, having,
‘ ammeter >/:t.0ﬁ mm, 1@ mvin?‘ﬁ wim;ﬁ spaed m' 100 metem xr




It a uaeful plcture ef such a small éhject is ta be db~3 v}ffq7i*’

"7#f@talned, tbe 1eng€h of ﬁhe 1llumlnat10n time should be le

"’Vwaath a fast srutter speeﬁ l”_very expensxve ta dbtaxn, fhe
"“*Lflrst meth@@ gf ph@togra@hlngva fuel 5rrav wus d:ﬁregarded 1n
VV' j;ffpreference to the. sec@nd metkoﬂvmentloned ab@va.  Then tOOs.J

”5gfﬁa camera W1th Sﬁﬁh a.hlg?‘s ~ 

U te the dlfferent slz@s Qf fuel draplet», tneraf&re, each dr@piz

’”5f;f1arg6r dreps Gf 011, an acc@unt 0?4 hair smaller ratla @f

'“{;than 10‘7 secends to nge clear phetograﬁh. jolnee a camera

*3"emd 1s nat dbtaanable oﬁ f?

tﬁ  ﬁhe present day maryetg gn ‘her,sfﬂiaus problem arlses due

7gxwxl’ cross ﬁbe lens of ﬁhe camera w1th dlfferent speeds.‘ The  

";zyf;fsurface to velume; wmll be accelerated mora slawly and, there*_fff}lf

» ﬂlf.fore, w111 requlre a ?reaxer leﬂgfh of time to crobs the lens -
‘2L5ti10f the camera than the small r fuel droyl@ts*v Thus, the :
if{; Fh0t0graphS wzll SBQW a gre .
lﬁ;;;than campared to ﬁne actual,ﬂ‘ndl ians exiatxng xn th fuel

'7w° i;expense and wauld not seem pra

e umber af 1arge draps of @11

‘spray. To ellmlnate sudh; g‘fo°ﬁwsu1d 4nvoiva censmaerabl@_

tical sxnce the error 1ntro~!; ;-

1{fduced 1s Very small.f?_fi _ - LR i
,7 - ﬁbe ganerpl 1ayﬁut Qf ﬁhe eqalgment, used 1n takxng th"
"=§hatagraphs sn the ioIIOW1ng’pages, 15 shown xn Figure l.;

ﬂ e,det mzne the best pos;tzon of

'<Wany trlal runs were ﬂade

'“ttbe camera and ﬁbe 11ght'w1th  espect to ﬁhe fuel 8pray.~p

'fIt was fmnally decided to place e 11ght and camera as cl

-i ‘togetheP as p0831ble, tbus, 3351n” :tvery amall inclﬁent angleﬁ%
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i@Gf the 1ight¢fifhzs giveslasviry'flgt llghtxng¢effect and

'“"fvlets back‘through the 1ens ef5ﬁh,‘eﬂmera. The Sbield Pl&cei

"":‘n?azzleoj In ‘th:.s wa}’ a gr' eater ;-p

akmmg it pese;ble te
' evﬁhwlﬁ. o

wlng buslc warts. (1) aetm D %
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glamp._ fhe glow lamp mas 

5denser bank._ The charac

?fal*ows.v (l) 1on1zatmon of ﬁhe gas at l?Q@ vclts, (2) ian»

The atamizlng nozzle

ﬁ“gallan per h@ur, Menarc“




Polytecbnlc In

7 WCamera - peed braphlﬁ

”he camara}ﬁ”

§iwaﬁ tne prellmlnary steP YP the 5e$t,precedure.

'L'Jwas pro?erly adausted, uglng t’ézlens 1 eea (f .O) sett:ngiﬂ

'ﬁf wh1ch gave the best resul%s as Vlously determlned in ﬁhefib

*?{trzal runs. The pump waa plac,ﬁ in Operabiﬁﬂ &ﬁ ﬁhe degirew””

"i;ﬂfuel presaure, and the oilvcooler %as so adaubtea as ha kea@?

‘f '7t e 011 tenrer&tura at 880F.hﬁfhe bank of candenserb was *&

"&37;¢harged to 200& volts, bﬁus, plac*ng the ﬁboto flash lamp xnf f'”’ L

' leeaazness f@r use. Witb”th  ronm comyletely ﬁarkened, ana:




“hffﬂne medhanieal shuttera ef thevcam@ra apened, the bank of e
'*55}5csndensers was allowed to dlsdharge through the glow 1am@
 3 'thus, g1v1ng tbe 1llum1nat5 .

'%f‘5f11m. Whls proeedure we& c@rrwed @ut for all the desxred

.‘fuel pressureb on the nszz

"’fv;}held canstant, Dpon conrl ien_ow“ng

 were rgrked so as ta wrow
z»-wh mw

e ﬁbotographs 0n ﬁh

.ff(msso beatxng oxl J@dium)

'2fhour,

‘xanaréh fuel auomlzing

7‘on Pag@ 15.' Each’ph@toul

5;?1eie treatment of ﬁhese ;% 

}Jill be—f’uﬁd in ﬁhe di

s cussmen of ﬁhe reaults




Figure 3

Oil Pressure 12 psig

Oil Temperature 88°F
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Figure 4

0il Pressure 75 psig

0il Temperature 38°F
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Figure 5

Oil Pressure 165 psig

0il Temperature 83°F
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Figure © 0il Pressure 21 psig 0il Temperature 838°F

Nozzle Position
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Figure 7 Oil Pressure 43 psig 0il Temperature 88°F

Nozzle Position
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Figure 8 0il Pressure 60 psig 0il Temperature 88°F

Nozzle Position
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Figure 9 0il Pressure 82 psig Oil Temperature 88OF

Nozzle Position
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Figure 10 Oil Pressure 103 psig Oil Temperature 88°F

Nozzle Position
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Figure 11 0il Pressure 128 psig 0il Temperature 838°F

Nozzle Position
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Figure 12 0il Pressure 154 psig 0il Temperature 88°F

Nozzle Position
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Figure 13 0il Pressure 191 psig Oil Temperature 880F

Nozzle Position
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L o . =31~ L
and by one or several of the following methods, the sprays
may be compared as to their degree of atomization, |
To aid in clarifying the ensuing discussion, the following

symbols will be Gef ined.

Ry = mean radlus of the fuel droplets of the
- imaginary fuel spray. S
ﬁ.g‘ total number of droplets in the imaginary
fuel spray. - o o
A= total surface area of all the droplets in
the 1mag1nary fuel spray. -
V= total volume of all the droplets in the

'1magxnary fuel spray.'“

‘:j

.,na,n,,...nx = the droplets xn the actual
fuel. spray. "f n

,Ig,...rg = radll of aroplets n,,nL,n,,n*,

e}

respectlvely, in the}aptual fuel spray.

a ,az,a3,...a = surface area of droplets

-

n,,n&,ns,n,, respectlvely, in the actual
fuel spray. R
V, s ,v;,...v =¢'volume of droplets N, 4N, N, 4N,

respectlvely, in the actual fuel spray.



Case I (Ro) - L v

 The most. straightforward method of calculating the "mean
radius of}the fuel droplets" is to take the arithmetical mean
of their radii.‘ In this casethe actual fgel_Spray can be
replaced with a peﬁfeétlyEQnifqrm-sprag having the same
number of droplets, and the sum of thé radii of all the drgp—l
lets in the spray are equal. '
Therefore:

(Ro). (N) =R 4+ T4 Ty ..t

(Ro) S D4 D AT ..AT = Zr
N " 3n
Case i1 .(,Ro)z_ ;) o L
The mean radius of the :f‘uel droplets can be calculated,
based on the total area and number of droplets in the actual |
fuel spray. The actua__l fuel spray can be replaced with a
perfecfcly uniform spray, hav1ng the same number of droplets
and the same total surface area of all the droplets, This
seems to be a.very good _mé’_;hod_ in conjunction with combustion
é_fficienqy since the surface area, a.vailablg 'for_evapOration,
is a very im.plor?c.ant factor in the éombustion process.
Therefore: | | 7 _
.k Bak Byeeetdy ;411'1:.3 + AT & 4my L, .44
Ta=h=af EG) |
A = 47 N(Rol

(R ) A 47 Z(r ) =} 1 (r?)
40N 4W 3n n
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Case III (R ) _ N f
' The actual fuel _spray may be replaced with the unlfamnm
fﬁel spray, haylng_the”same“tptalnvolame'and5equalknumber‘of
dréplets.' Thus; the uniform Spray'and fhe‘actual spray égreév
in the volume of fuel and the number of droplets, but w1ll <,'
differ in the total surface area of the droplets and, ‘therefore,
fUrn;sh very little information about,the-vaporlzatlon charac-
teristicsf | |
Therefore;‘ R . B S o :
Ve G4 = 4(3«:? + 4/3 mf‘» + 4/3%L ...+4/3WH
>veVese 4/3% Z(r‘ ,) | | | |
V = 4/37N(R, ) 3 -

- (3)4/3~rr:>:<r> . z§rii |
s /4”"1\“‘%?“4’“N E AAON

Case IV - (By)

- In this case the actual fuel spray has been replaced by
the 1mag1nary spray whlch has the same total volume and total
surface=are§.; Thus, the 1mag1nary spray will dlffer from the
actual spray by the number of droplets and the pad;1<of these
droplets, except iniane case in.whigh,the”lmagingrj spray and
the actual‘spray are‘just‘alike, indicating a degree of uni-
formlty.v ‘w' | |
- Actual spray:
Za
2v

4T Z(I"z )<
4/3 T ) (2%)

¥
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Imaginary spray: A =Ja; V=Jv

V= 4/3WN(R,}
Ne _ 3V
AW(Re, o |
A= 4T§’N(Ro): - 4R 3V = 3V
o 4"'(30)3 - ' N (Ro)‘
(R} =3V = (2)4/5W 3GT) = )
/ A 4W Z(r?) Z(r%)
case V (R %,

_ In this ‘case 'the 1mag1nary and ac‘c.ual spray agree m -
the follomng valuess (1) total surf‘ace‘_ ar_eas‘ of the droplets

arev equal, (2)-the‘ sum of the radii of the droplets are equal.

Therefore: _ i ‘
A =‘Za’ = 4% F(r®)
Ryl N = Zr "
N = Z(I’)
(Rok | |
Az ANN(RL = AW (R)), Zr) = 4 (R,) Z(r)
(R,) = A = AWS(P?) = Z(r®)

4% F(r)  4TE(r) ()
Case Vi . (R )- _
In 'th:.s case the :maglnary and actual spray agree in -
the following valuess (1) total volume of the droplets is

equal,' (2) the sumv of‘_the radii of the droplets are equal.
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Therefore:

Ve2v=asnyE’)
(Rl W = 2 (r)
N = 2 (r)
Ry w . '
V = 4/3WN(R] = 4/3W(Ro), 2(r) = 4/3W(R)) JX(r)

(8o

-/ v / (3)4/37 3&) = /S(?)
4Tf 'Z(r) 4W7 (r) 2(r)




'; ﬂ{fcentened more areund the;
”i&jmechanlsm ﬁban wzth the

”"f iprdb1em 1t3e1f.; nhe accﬂptea;@he@ry  by Whlch atommzatlanll,

:;fff thread3 of fuel, whlch éaf a 6,.@f
ljf3ffthe fuel is exceeded, thu; J
 :ft droplets. Tbe surface of.ﬁhe_jétﬁof
'“&5ﬁis subgect to- slignt distufbahces Whioh &
'{’i‘.’_,_';eenditmns, auch as, vibra,i 8
U’ 7 chstruct10n of the nozzleﬁ ?oltex

'wa ffaﬂd the influence ef the'su round

;;T'f'lfarmation of ﬂbe 11gaments or’ﬁh;eaQQVOf fHEI ﬂh&t eventuaily f
 ‘f};break down 1nt0 small fuelldr” let 

M?ffigfstated the law—by wh ch theiﬁegree

iefd;of atomizaticu taday is
f ubdivxsicn achieved by th

tual fundamentals of {he stomization

7_aceamplishe&, deais withitheﬁf rina; of;of fine llgameqts o

=ﬁhe surface tennlon of;,

rmin”'varlous sizes Qf fue‘

fﬁel le&ving the nozzle

arb eaused hj‘varlous

}nozzle:flmperfect

&tl@ﬂ in tﬁe nozzle,

air.; These disturbancea,f

 -p1us,_tbe frlction betwaen'ﬁh fle. and’the alr, cause the ;‘

Ehebe ﬁropletu of fuel

the Fuel  52J;f'

ffhave a tendency t 3be thru :0 ﬁhi eutar portian o*

' of the

'ﬁjet, cau31n %he cent&r efhthe Je ' consist mai
villgaments ef fuel. heme EV1dence of thlb ghenemenon can be

seen in Figum_' 3 on »_:éagg 19,

i"""'“c.‘hue ligament of ‘uel near;tné

"'a:na" t.he smaller particlesj;
:;ef fuel at the euter ndge ef ﬁhe‘Jpray._ B :

A few of the leaaing auﬁnerltles on atamlzatlan haye

7a$am1za$10nivarlns wiﬁh



_,g;jfpressare.;vAcccrd¢ng to EV

”vf?jzation‘ef a fael sr?ay ”L

Lee @a the K &.

".iispray. “he aczual élstance":




ment‘ AS 'tbe ?I‘BSSH?@ L0

. 'veru.fmd. , '. X £t
L*ﬂ;dicate a
“ fV{ pressure
| ’ﬂivigpreaaure'

,droplets

Atamlzation" &inee

ff;unﬂer whmch tbe atemmza ion pre

‘}?Sauter;hisVsuggesﬁed the use of ‘determining the




'?}1?39;¥?3‘"

- eff1c1ency of atgmazatlsn in. ccngunctian wzzh the cambuatian _ ;?3.

,*;-proeess @f a fuel. Throu#hout much Of the lzteramure on i*  ;zf-7”

'-ﬂ,_ia%omzzatien, ﬁhese fcrmulas ﬁrﬂ mse&, bu% tlll ﬂhe apr11~i vjff.”

;V7cation of ﬁhese zerwuias iw»lef* to 1he &1&cret1@n of th

'f.iipdlvmdﬂal In brwef, sgme uf ﬁhe gractxcal aﬁplzcat*ons

'f'ef *hese f@rmu1as are aS f@l?ows‘ (l) determznzng the

- efflClencv af atomiaatxonJand%‘jsfefXQQ* unon CO&bﬂSthﬂQ:  B
“(”3 determwnlng*thp eff}éie'_y Of’atomlzatlon and t@ what
deareﬂ 1t 1s ai@acteﬁ hy FT;faure, n@ZulQ deslgn, and fuel 1fﬁfﬁfu4»

',and alr éhareeteristlcs..ffﬁﬁ

Case :1ﬁf:  ;i Imagxnary and ﬁctual  ;?jﬁ3éh;3ﬁﬁiﬁ3=la fﬂi_:
e - Spray. @gree in Value S e




CONCLUSIONS -
The follewmng conclu31on3-were farmed from this investlgatlan,;;;g N

Fuel “ressurev 'fgjjthe degree of

"7ﬁﬂ at@mizatlan wmthincv

S an e Gf fuelipressuras
'vyggj(ao te 191 psx?mv

ad in: tbls invesmigatlcn,
'g’fo incre331ng th7 f'mlfpres'ure, the droplet
1’f eize éecreased* nd. mrmlty Qf ﬁhe sﬁray

"' *yincreased._;£

'“AWEQifPhotagraphy i means'te ﬁetermine the

‘3f:_fuel drople+”size

'f,lf ﬁne size and

}£ given spray 1S‘
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RECOMMENDATIONS

' Theréjaf§;5£ill’many7unSGiVQd‘ﬁﬁeblemﬁrednaerniﬁg'thé
preceﬁs‘df étamizati@nav Tblﬁ 1ﬁvestlyat10n Shomed the ralatlva 
‘chanre of tommzatlon ab “th e fual yreabure wa& 1mcr@gsed. Lwith'
ﬁhe o emer ﬁhot@mra*%lc equ:“ment, Ehe abaalute fuel draﬂlet :
size ceuld be dqteﬂmlned, mﬁd ﬁbe &f*lCi@ﬂcj @f atommzdhlcn":
could %@ c 1culazea. Thia laaﬁs 1o ﬁbe falleywng reeommeaﬂmilon

(1) A ﬁhornugh study e@uld be mdﬁe of the yhatogr aphi |

e@alpm@nt at K.A.u.&., Ldnwley ielm,zva.f From
ﬁhi& 1ﬂveat1gati@n,7 ne con tructxcn af their
itment coula be ﬁuyllca eﬁ at Virgxnl&
k?elyﬁechnmc Enstltu?u,}mbehgﬁié&liﬁngineeri g
; Lab@patgf§" | . ,.M_:*. o S

{2}1 A &nuﬁr couLd be Hﬁ% of the feasiblllty of

pureha81ng a weasurznm ulcroseone w1tb photogr@pric
"'att d%menbs and a ﬂiﬂh~speed fhﬂtﬂ flash lamp Tor
__1 gh-&peed photegraﬁby. ‘ -

(“3)‘ Wi ﬁh» he above equ:.s’;«r"ent, a ber@ugv’n Axveutigatlen .

| -of the prace Ss of atomi za‘tmn can be. mdﬁe. | T

‘{4)_,Invest1gutzon of tbe efxect of &esign ChaP&CLerlbt&GS'

on. the fuel atomlzatlon praeesa.‘~ | |
- If uhese rec@mmendai$oﬂ& ne%e carfled *ut, m&ﬁy flalﬁs of

'i~reseﬂrch mauld be Oﬁﬁﬁeﬁ to work ut Vlrglnja Foljfedhn1¢



' *4&2,,, o
Instluute, fedbanlcal ﬁnglneerzng Lah@ratﬁry. the study of
ihe Pl@w charuﬁterlbt¢e¢ of" flulds and @&Sbb have been
| cmrrle& out by the use of micf@scag c pho&ography., Heany
other prOCQS&QS, 1nvmlvimgvr 1d metian and small particle

'glzos, have been stuaiad hy this F@tm@dv-
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