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by Robart D, Ingebo
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ABSTRACT

A sconning vadiometer was used to detormine tho
effect of sivstream velocity on the mean drop
diometor of water spraya produced by pressura
atomizing and alr otomizing feel nouzles used in pre-
vious eembuation studios, Increnssing airstream valoe-
ity frem 23 to 53.4 meters por socond reduced the
Sauter mean dimmeter by approximstely 50 percent with
both types of fuel pogzles. The vse of o sonle cop
attoched to the tip of on alr asaist nozzle veduced
the Sauter mean diometer by npproximately 40 percent,
Test conditions included niratresm veloeltics of 23
to 53,4 metere por sccond at 293 K and atmospheric
pressure.,

INTRODUCTION

Experimontal tests wore conducted with pressur-
astomlzing ond air atomizing fuel nozzles mounted in a
duet 5 meters in length ond 15.3 cenkimeters. in diam-
cter, Water wos used to simulate fucl in this Lpves-
tigacion of the effect of alvstream velocity on the
fin.ness of atomization, A scannlng rvadiometer that
measuraed the Forward scattered light was used to de-
tarmine the Sauter mean diometer at éach test eondi-
tien. Although water woa used in all of the tests,
the results may be comparcd with atomizotion of fuels
such as Jet A by correcting For the effects of fuel
denslty, surfaca tennlon, and viscosity om atomiza-
tion as glven in reforcnee 1.

Fineness of atomization is on lmporkent factor
in the deslpgn and porformence of fuel injectors that
will yield high combustion efficlency and low exhoust
omissions when used in advanced turbejet combustors,
In referencep 2 and 3, it was found that olr
atomizing Euel nozzles improved combustor performonce
and reduced exhaugt emissions when compared with
presaure atomizing nozzles, This respult wos atteibu-
ted to lmproved atomizacion and dispersien of the
fuel. Howaever, instrumentatlon wos not available to
actunlly determine thao degree of flneness of atomiza-
tion of the wvarlous sprays, Thus, the prasent study
was made to dotermlice tho e¢ffect of airstream veloe-
ity on the Ssuter mesn dismeter produced by pressuve-
ntomizing and air stomizing fuel nozzles. Such data
are needed to relate finencss of atomizotion to com-
bustor performance and axhoust emisgions. )

In the present.investigacion, preseurc atomizing
and pir otomizing nozzles used in previous combustion
studies were tested over on airstreem veloclty range
of 23 co 53.4 metevs per second st 298 K and atwo-
gpherlc pressure, Ssuter mgan diameters wers meas-
ured with the scanning radiometer, ond the effoect of
airstream veloclty on the Ssuter mean dlameter was
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dotermined. A comporison wag also mode of the Sauter
menn dismetors obpained with a conventjonal and g
gonle olr asslst nozzle,

APPARATUS AND PROCEDURE

The scaining rodiometer wds mounted nenr the
end of the open duct tost facility as shown In fig-
ure 1, Alv drown from the lebaratory supply system
was ot amblent tempersture and pressurc in the test
sectlon, i,e,, 298 K ond 1,01x107 newtu s} per square
meter, vespectively, The oirstreom velraity wos cone
tralled with the valva directly downscreom of the akr
orifica, The test section, nlso chowa in figure 1,
was a 15.24=centimater inside dismeter duct hoving o
length of 5 meters, ‘The tip of each test injoctor
was located at a distance of 16.5 centimeters up-
gtreom of the eenter line of the 7,5-centimater-
diameter laser light ficld,

DESCRIPTION OF INSTRUMENT

The sconning radiometer, shown in Clgure 2, vas
used to determineg Sauter meon diometers for water
aproys atomjzed by the injectors, Thc optical system
shown In [igure 2 consisted of a 1-milliwott helium-
neon laser, a 0,003-contfmeter-diometer aperture, A
7.5«centimeter-diameter collimating lens, a 10-
centimeter-diameter converging lens, o S-centimeter-
digmeter collecting lens, a sconnlog dise with a
0.05%0,05-centimater 514k, a timing light and a photo-
muleiplier detector, & complote description of the
peanning rodiometer and the method of determining
meon particle dlameters sre given in reference 4,

CALIBRATION TESTS

The seanning radiometer wsa eolibrated with two
different water suspenslons of unlformly slzed latex
porticles having diamctews of 25.7 and 45.4 microme-
terg, respectively., Dynamic calibration tests woere
made wsing vaporizing sprays formed by the breakup of
single jats of water injected tronsverscly into high
volo¢ity alystreoms. One of the multiple orlkfice
sptay bars used to produce single water jete Ls shown
in figuro 3. A plot of Sauter mean diameter, Dao,
against alrstream velocity, ebtained for the 0.8&0—
inch diomecer orifice snd the 0,013-inch-dismeter ori-
fice spray, respectively, is shown in figure &, Good
agreement was obtained with the volume number mean di-
ameter, Dig, determined axperimentally in reference 1

" and plotted fn Efpure &, The relationship between the

Souter mean and volume nurber mean dismeters is given
as D32 = 1.29 D3p in reference 5, as determined by the
Hukiyama=Tanagswa expreselons for mean drop diameters.




TEST INJECTORS

The preseure otomizing and aly wtomizing fuol
injectora used in thin {fovestigotion are shown in
Eigura 5. Phyaical choracteriseies of tho injectors
are glvon in Table I, Three pressure atomlzing nogs
zien woxe tentnd Noving £low numbors of 0.300, 0.184,
and 0,092 (litexs/ie)/ (N/m?)3, rospectively, at a
water Plow vate of 90,8 liters por hour,

Three varfations of alr otomizing Injectors were
testad; nemely, the alr asalst, oplash groove, and
aplosh cona alr atomizing nezszles, The alr asslst
nozzle was testod both with and without a sonfe cup
attached £o the tip of tho nozzle, to detormine the
affoct of the sonle cup on the finencss of atomiza=
tion, ‘The splash proove and splosh eone nozzles had
been used wn provious combustor studics,

RESULTS AND DISCUSSIONS

Mean drop dipmoters wers deteymined for wakor
pprays using two differeat types of fuel Injcctors
and the seanning radiometer, The two types of fuel
injectore consisted of conventlional pressure
atomlzing nozzles, improvad olr atomizing nozzles
previously testod in experimental combuators, and an
alr apaist noezzle operated with and without a sonie
eup attached to the wozzle tip,

Tho f£iret type of injector tested consisted of
three pressure atomizing nozzles hoving Elow numbors
of 0,092, 0.184, and 0,300, respoctively, Tha offcet
of oivatream veloelty and Flow numbar on the Santer
mean diameter, D32, obtained with the three pressure
atortlzing nozzles are shown in figure &, Sauter and
mean diomater decreosod morkedly when alrstream
valocity wap increoned and Elow number was decrcased,
Over an slrstroam vaeloclty rango of 23 to 38 mocers
pex sccond} the following expression was obtalned;
Dy ~ ¥20+75, Also, the alope of the curve incressed
a8 atrstrean veloclty wos further increased, Thia
could be due ko incregsed turbulence due to the noz-
zle mount and pessibly an Lnereasc in evaporation
rate of tho spray.

The cffect of Ilow number, FN, on D4z is shown
in Figure 7, Over a flow number range of 0.092 to
0.300. the following expression was obtained; D3p ~
(FN)0. 4, This expression agrees falrly well with the
velatlonshiip Dap ~ (FN)@+34 which was obcained in
refercnce 6, using kerosenc ond a somewhat lower
range of flow numbers (0.0182 to 0.0364).

The second type of injector tested, namely the
sir stomizing fuel injector, consisked of o splash
groove nozzle, o splash cone nozzle, ond an alr
usslst nozzle, The effect of alrstream velocity on
the Sauter mean diasmeters obtained with the splash
groove and aplash cone aozzles 1a shown In figure 8.
Both, gozzles gave the. following relatienship: D3p ~
v:0.75 gver an alrstream velocity range of 23 to 38
méters per second, As airstream veloelty was [further
increpsed the slope of the curve increased. Finer
atomlznation was obtained with the aplash groove de-
algn duc to the smaller orifices (0.051-centimeter-
diameter) s compared with the splash cone design
Laving 0.157-centimeter-diameter orifices. However,
as sliown Ln flgure 9 the splosh cone design had a
value of Dyp closer to that of transverse liquid jet
breakup, thon the splash groove design, This was
actributed to the Fael that the angle of liquid in-
jectlon for the splash cone nozzle wos 90 degrees as
compared to 45 degrees for the splash groove avzzle,

The effect of atrvstream velocity on i3y for the
4y asglat nozzle is shawn in figure 10. & mawked -

improvement In fineneso of otomization was obtpined
by atcaching o ponfe cup to thoe tlp eof the nozzle.
the sonic cup gove o reduecelon in V3 of opproxi-
mately 40 percent. The elfect of nirntreom veloeity
on Dap was nw follows: D3z ~ viﬂ.?a Ulgh tlic genven-
tlonal alr aopist nezzlo ond Dyp ~ VU0 with the
sonlc cup attached to the tip of the nezzle, over an
airptroom velocity range of 23 to 38 moters por sec-
ond, The effect of afrstrean volocity on D33 wan
eyven greater at higher alrgtream volocities,

BUMMARY OF RESULTS

At water flow ratas of 90,8 liters per hour,
Sauter meap diomoter decreased with ingroasipg aire
etream velocity as followa; Vip ™ vil+ 7% for all of
the nozzles tested, with the cxccpt%on of the aonie
alr nesist nozzle; when aflrstream velocity was varled
over a rengo of 23 to 18 metors per second. The most
effoctive nozzle in producing finc aproys was the
sonic.oir assist pozzle, With this nozzle, Sourer
meon dismetor decreascd with ngmuning alrstiroom
valocity as follows; D3p ~ vp"'? over aw alrstream
veloeity range of 23 to 38 meters per second., Also,
the sonic cup upposred te redude valucs of Dyp by ap-
proximately 40 poreant, Whether tho cup actually
produced acoustic omelllacions or simply acted as a
splash plate to imprave breokup wes not investigoted.

Mr atomizing nozzles uscd in previous combustor
studies (splash conc and splash groove nozzles) ope
peored to follow the same general relationship of
Sayter mean dipmeter decrensing with increasing air-
stresm veloeity as follows; Dig =~ V075 which woa
aroviously determined for the breskip of pingla trons-
verpe liquid Jets (ref. 1). The moximum effectivencoa
of this type of breakup was obtained with the liquid
injected normal to the alrstroam.

{ith pressurc atomizing nozzles, tho Spuber mean
diometer decreased with increasing alrntream veloelt
ang ggereasing flow nusbers os follows; D3p ~ (F)0-
y.r 2, Thus, flow number, a5 well a5 pirstreom
velocity, appcared to be very Importont factors in de-
termining the fineness of stomization for pressure
atomizing nozzles.
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TABLE ¥, - FUEL INJTCTOR CHARAGTERISTICS

Injoctor orifica Watoy pressure Flow pumber,
dlameter, drop Litor/he)s (i/md
. hinh ¢ M (i)

Spray bar 4

L) orlficos 0.102 2.,21x10 0.611

109 orlfices 032 2.96 27
Prodsiiro atomixing

iHigh flowrate +J40 9.17 300

Medium Flowrate 280 24,48 184

Law flowrate 1230 97,22 092

Alr atemizing
Splagh cone

lp orifices 157 3.72 -471
8plosh groova
42 orifices 051 10,41 28!
Alr agsist
Conventipnal a
**13.8x10%, N/nd .500 3,45 489
Sanic eup P 28
**13,8x10%, N/m 4500 345 +h8g
w1404, N/m? ,500 5,38 .92

*Hunnured at a water (lowrate of 90.8 liters per hour,
"
*prossure drop and flowrate of tho agsist ofr,

%20 sCPH.
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Fig, 1 Test faci(lty and auxlllary equipmsnt. (Dimensistis are in meters. )
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Fig. 2 Scanning radlometer optical path,
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AIRFLOW IN TEST SECTION

Fig.-3 Schematic diagram of multiple-orifice spray-bar, {Dimensions are in -
centimeters, ) _ _ S
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SAUTER MEAN DIAMETER, MICROMETERS
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Fig. 7 Variation of Sauter mean diameter with

SAUTER MEAN DIAMETER, MICROMETERS

flow number for pressure~atomlzing
nozzles,

400—
AIR~
300+ ATOMIZING
NOZZLE
SPLASH-
CONE
200 o
SPLASHT\
GROOVE
100 p—
- 80 ! ] ! |
20 40 o0

AIRSTREAM VELOCITY, misec

Flg. 8 Variation of Sauler mean diameter
with airstream velocity for splash-
groove and splash-cone air—atomizlng
nozzles.
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SAUTER MEAN DIAMETER, MICROMETERS

SAUTER MEAN DIAMETER, MICROMETERS

NOZZLE NUMBER OF

00— ORIFICE3
O SPLASH-CONE 4
| O SPLASH-GROOVE 42
D) SPRAY BAR 13
"~ D> SPRAY BAR 109 0
200-...
<
100}—
solL { R DU A ] |
. 4 6 .8 1 21071
~ ORIF{CE DIAMETER, CENTIMETERS
Fig, 9 Varlalion of Sauter mean diameter with orifice diameter
for splash-groove and splash-cone nozzles at an air-
stream velocity of 30,5 m/sec,
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. Fig, 10 Variation of Sauter mean diameter with alrstream
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