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GENERATOR™1 study of an INJECT0r with A high-frequency swirl 

V. N. Chernykh 

In design, an injector with a high-frequency swirl generator 

is analogous to a centrifugal injector with two tangential channels 

for feeding the liquid fuel. But in the studied injector (Pig. 1), 

liquid is fed along one channel and air along the other. 

Section 1-1 

Pig. 1. Injector with swirl gen¬ 
erator. 

The air core that forms during rotation of the liquid is filled 

with a twisted air flow. The liquid film from the atomizer is sub¬ 

jected to the action of high-frequency sonic vibrations generated 
by the air flow. 

PTD-MT-24-1113-72 1 



1. Study of the swirl generator 

The effectiveness of the action of sound is determined by its 

Intensity, which can be expressed in terms of sound pressure p, the 

amplitude of the vibrations A, and the frequency of the vibrations /: 

where p is the density of the medium and o is the speed of sound in 

Of all the /alues in this equality, sound pressure p is the 
easiest to measure. 

To obtain reUable values, the measurement should be made In a 

soundproof chamber or out In the open. As a rule, the sound pressure 

should be measured at several points of the sound field, since the 

characteristic of directivity (the distribution, in space, of sound 

energy around the sound source) of most aerodynamic generators can 

change sharp'y with a change in their working parameters. 

In determining the sound pressure created by a swirl generator 

the measurements are simplified somewhat. Since the sound field of’ 

such a generator is a rotating dipole with its axis in the nozsle- 

exlt plane (Pig. 2), measurements made at a single point can give an 

idea of the operation of the swirl generator. 

0’ 30- 

To determine the dependence of sound 

inttnsity on the shape of a nozzle and Its 

dimensions we prepared six nozzles: three 

cylindrical and three exponential, with 

diameters <¿c * 2, 3, and 4 mm. The dimen¬ 

sions (diameter 0, height H) of the swirl 

chamoer remained unchanged in all experi- 

— . W4. a. owxi'x Kfnerai 
a rotating dipole with its axis in the 
nozzle-exit plane. 
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Fig. 3* Dependence of the level of sound pres¬ 
sure on air flow (under standard conditions) with 
various nozzle diameters and shapes: 1, 2, 3 — 
for cylindrical nozzles, dc * 4, 3, and 2 mm; 4 - 
fr an exponential nozzle, dc = 3 mm. 

ments. As measurements showed (Fig. 3), for identical air flow and 

nozzle shape (cylindrical), the level of the sound pressure Increases 

with a decrease in the ratio of the diameter of the cylindrical 

chamber to the nozzle diameter D/d . An exponential nozzle of the 
w 

same diameter as the cylindrical one creates greater sound pressure 

for practically all air flows. 

A decrease in nozzle length (with constant values of D, H, and 

dc) leads to a certain increase in sound-pressurd level. 

2. The average diameter of drops, and their distribution by sizes 

Usually, the dimensions of the drops formed with atomization 

of the liquid are found experimentally, since considerable difficul¬ 

ties are involved in analytically determining the dispersion of a 

jet. 

Widely-used methods of experimenting to determine the fineness 

of atomization are those based on use of a melted substance with a 

FTD-MT-24-1113-72 
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cereslTwïthTt pa-"ln ^ tartrathane additive, 

ficatlon of thS°dU ylene POlyn'er addltl',e>. »Uh subsequent aolidl- 
cation of the drops in flight. The hardened drops have sufficient 

mechanical strength and .ahe sieve analysis possible 

air /a °Jr eXperlnlents we uaed melted paraffin at 70°C. Since the 

pressurePafafflp "'’r06’ 5hey are fed at «entical 

N/.2 íhe d a b3> (1-96'10 N/" > t0 7 atm<aba> (^8^-105 
aet i Jl "T’ WhlCh S°lldlfy lp msht, were sifted through a 

ocreens with mesh diameters of ¿120 280 2nn inn mn 

50 urn. The average drop diameter was d L Is h¿ mell ^ 
diameter: as the mean-mass 

d = °cp EwT" ' 

where ^ is the mass of drops of diameter d.. 
t 

The dependences of the average a-«« a. 

ratio of air and liquid flows ^ 

d, ua 
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Average drop diameter vs. 
feed pressure of liquid and air 

1 - for cylindrical nozzle: B 3 ' 

2 - for exponential nozzle. 

Pig 6Ssh °0mPlete Chara<:tarlatlt of atomization dispersion 
Pig. 6 shows drop distribution by sizes. The drop diameter Ù 



The distribution of the atomized liquid across the Jet is an 

essential characteristic of an injector, since it has an influence 

on improvement of the fuel spray process in fuel combustors. 

To establish the distribution of the liquid across the Jet, or 

the spray density, the fuel spray cross section was divided into six 

annular zones along whose axes test tubes were placed. 

The experiments were conducted on injectors with cylindrical 

and exponential nozzles. The injectors were placed vertically to 

assure the axis of symmetry and facilitate carrying out the experi¬ 

ment. 

Water was used as the working liquid. The measurements were 

made in two mutually perpendicular planes at various distances from 

the nozzle orifices. 

The quantity of liquid in the test tubes was determined by 

weighing on an analytical balance; we then calculated the spray 

density at distance h from the nozzle exit plane: 

FTD-MT-2JJ-1113-72 _ 
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Fig. 8. Distribution 
of liquid across the 
Jet at a distance of 
300 mm from the orifice 
of a cylindrical noz- 
zle, dc ■ 3 nun* The 
numbers of the curves 
are pressures, atm(abs) 

Fig. 7. Distribution of atomized 
liquid across the Jet with pres- 

7 atm(abs): - sure pw - PB3 

with exponential nozzle, dc ■ 3 

mm--with cylindrical nozzle, 
d » 3 mm. The numbers of the 
c 

curves are distances from nozzle 
orifice, mm. 

is the mass of liquid in 

tube, f. is the area of 

tube cross section, and 

time of the experiment. 

where m. 
% 

the test 

the test 

i is the 

The function g ■ q>(r) allows us 

fuel spray Tq and the angle of taper i 

orifice : 

The angle of taper of the Jet vs 

d to length l is shown in Fig. 9- 

the ratio of nozzle diameter 

I—. 
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Conclusions 

The results of the experiments showed that an injector with a 

high-frequency swirl generator assures good atomization at low liquid 
pressures. 

The atomized liquid is distributed across the Jet Just as in the 

case of pneumatic injectors. 
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