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NATIONAT. ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 2349

FLUCTUATIONS IN A SFRAY FORMED BY TWO IMPINGING JETS

By Marcus F. Heidmenn and Jack C. Humphrey

SUMMARY

The spray resulting from the impingement of two Jjets of water wes
investigasted to determine the characteristics of the instability asso-
ciated with this method of spray formation. It was found that upon
impingement of two Jets & ruffled sheet of liquid was formed perpen-
dicular to the plane of the two Jets. The liquid sheet disintegrated
intermittently, forming groups of drops, which appeared as waves
propagating from the point of impingement. The intermittent disinte-
gration of the liquid sheet occurred with ilrregular spaclng between
waves and with varisble wave intensity; however, the frequency of
wave formation was a constant over a finite time interval under con-
stant operating conditions. There was an sbundence of small waves,
with the number of waves of a given intensity decreasing as the
wave intensity increased. From the photographic and frequency data
obtained, the ruffling of the liquid sheet appears to be caused by both
irregularities in the jets and interaction with the air. The ruffling
of the liquid sheet persists to the point of disintegration of the sheet
and establishes the frequency of the wave.formation.

Frequency measurements obtained by & photoelectric technique
showed that wave frequency varied between 1000 and 4000 cycles per
second for test conditions of Jet velocities from 20 to 80 feet per
second, impingement angles up to lOOO, and Jjet diameters of 0.025,
0.040, and 0.057 inch. Frequency was found to increase with jet
velocity with approximate direct proportionality. An increase in
impingement angle resulted inoa decrease in wave frequency for
impingement angles of from 50 to 100° with the decrease being
approximated by the decrease in the cosine of one-half the impingement
angle. Both the dismeter of the jets and the length of thé Jets
before impingement had negligible effects on wave fregquency compered
+o the effect of Jjet velocity and impingement angle. '
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INTRODUCTION

The combugtlon process in rocket engines has, under certain
operating condlitlons, exhibited condltlions of Instabllity. This
Instabllity 1s characterized by sustained osclllatlons in combustlon-
chamber pressure at frequencles that vary from approximetely 20 up %o
several thousand cycles per second. An explanation of such oscil-
latlion at low frequencles may be resonance in & circult where the
propellant feed system and the rocket chamber are dynamically coupled.,
The instabillty at—higher frequencies, however, ls not readlly explained
on the same basis, Combustion instability of this rapldly recccurring
type appears to originate in the inJection and mixing process., In view
of this relation of the Injectlon process to instebility, the flow
characterlstics and the patterms of sprays formed by the impingement of
two liquid Jets, a typlcal method of injectlon, have been Iinvestigated
at the NACA Lewls laboratory with the intent that such an evaluation
may be useful in the study of combuetion instabllity.

Previously reported characteristics on the formation of sprays do
not describe—the process in sufficient detail for the objective of this
investigation. The process of disintegration of a liquid jet is
explained and photographically shown in references -1 to 3, The
disintegration process is described as one in which ligements are
initially formed and the ligements disintegrate to form drops. The
disintegration of a 1liquid with the associated waving or flapping
characteristics is described in reference 4, These references as
well as photographs presented by other investigators show that the
ingtantaneous flow rate of liquld after disintegration of a sheet—or
jet is not continuous but varies considerably and that the flow is
actually interrupted. A numerical evaluation of the characteristics
of dilsintegration or the effect of injection parameters on these
characteristics, however, has not been reported. o '

In this investigation, the formetion of a spray resulting from
the impingement of two Jets of water was studied by visual, photographic,
and photoelectric technigues. High-speed motion pilctures and micro-
flash photographe were teken of the spray pattern. Frequency measure-
ments of the disintegration process were obtained by allowing the spray
to interrupt the path of light entering a photoelectric cell and analyz-
ing the resulting signal. The effects of jet—velocity, impingement
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angle, Jet length before impingement, and jet diameter on the spray
pattern and frequency cheraecteristic were evaluated. This investi-
gation was conducted between October and December 1350.

APPARATUS AND INSTRUMENTATION

The experiments were performed with an impinging-Jjet apparatus
schematically shown in figure 1. The apparatus provided for control
of liguid supply pressure and allowed variastions I1n impingement angle
and length of Jet before impingement. The liquid Jets were formed
with epproximetely 2-inch leungths of precision-bore glass tubing that
were interchangeeble. Water was used as the liquid for all the
investigations; weight flow was determined from rotemeter readings.
Equal water flows were obtained from each Jjet.

Photograephs were taken of the spray formation. to record the
phenomensa ag well as for quantitative measurements. High-speed
motion plctures at approximately 3000 frames per second and single-
exposure microflash photographs of approximately 4-microsecond
exposure were teken. The exposure tlime with both methods of
photography was sufficlently rapld to effectively stop the spray.
Fluctuations within the spray were detected with the use of & photo-
electric cell, recording oscilloscope, frequency meter, and asso-
ciated instrumentation. The arrangement is also shown in figure 1.
With this method of measurement, fluctuation within the spray inter-
rupted a slit of light entering & photoelectric cell. The resulting
signel was delivered to & frequency meter for frequency measurements.
The slgnal could also be cbserved visually on the screen of sn
oscilloscope, or the oscilloscope trace could be photographicelly
recorded. A slit of light 1/8 by 1/4 inch was used with the photo-
electric cell. The light was oriented with the spray in such a
manner that the resulting signel on the oscilloscope represented
the maximum amplitude of the most symmetrical wave for the test con-
dition. Analysis of the oscilloscope trce showed that frequency
did not vary with orientation. The value of frequency obtained from
the frequency meter did vary with.orientation of the light, although
this variation wes smell for the orientations used in the ilnvesti-
gation. :

A comparison of the frequency obtained from an analysis of the
oscilloscope trace with the value obtaeined from the frequency meter
indicated agreement within 5 to 10 percent. ILower values of frequency
were obtained with the frequency meter. The variation presumably
resulted from e comblnation of the inability of the meter to record
signals below a glven amplitude and to identify indistinct pulses.


http://www.abbottaerospace.com/technical-library

4 : NACA TN 2349

The reading of the frequency meter was used as a measure of the
frequency because of the time required to obtain the value from the
oscilloscope trace and because relative rather than absolute values
were satisfactory. Frequency velues obtained from high-speed motion
Pictures confirmed the frequency obtained with the photoelectric-cell
techniques. The lngbility to-distinguish readily the fluctuations in
the spray arnd the time involved to determine the frequency, however,
made this an inconvenilent method of frequency measurement.

Jet velocities were determined from calculations using flow
measurements and Jet diameters. The Jjet dismeters were assumed to be
equal to the bore of. the glass tubing used to form the Jets. An
attempt was made to measure jet velocities from high-speed motion
Pictures. Although this method of measurement correlated with the
calculated veloclty, the method was undesirasble because of the tedious
procedure of veloclty evaluation and the limited accuracy of the
technique. : ' .

SINGLE-JET CHARACTERISTICS

The epray formation resulting from the impingement of two equally
sized Jets 0.025, 0.040, and 0.057 inch in diameter was investigated.
These Jjet diameters are the apparent diameters as determined from the
bore of the glass tubing. Microflash photographs of the 0.025-inch
diameter Jjets at velocities of 20, 40, 60, and 80 Ffeet per second are
shown in figure 2. It will be noted that a solid but ‘ruffled sclid
stream exists for a distance of from 1 to 4 inches from the exit of the
glass tubing after which the stream disintegrates or separates.

The photographs indlicate that a longer unbroken stream 1s obtalned
at high Jet velocities than at low velocities. If the ruffling of the
jet were the result of alr friction on the surface of the Jet, it would
appear that the opposite effect would be obtained. For the range of
velocities used in this investigatlion, it is probable that turbulence
in the Jet and surface tension force are more jnstrumental in the
disintegration than alr friction. Under these conditions, the liquid
in & higheér-veloclty Jjet would travel a greater distance before surface
tension forces cause it to dislntegrate. This theory is in agreement
wilth that presented in reference 5,

The ruffliing in the Jet immediately after it leaves the glass
tubing is probably the result of averaging or balencing of velocities
in the Jet. The velocity profile in the tubing represents s condition
where & higher velocity exists in the center of the stream than at the
surface. The same profile will not—exist after it leaves the tubing
and the transition will result in turbulence in the jet. The Reynolds
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numbers of the streams in figure 2 are above-critical, 3500 to 15,000,
and it is probeble that the cross-sectional veloclty gradient in the
tube is sufficient to cause eddies Iin the Jjet.

The Jets obtained in this study are not unique in their turbulent
or disintegration characteristic. Reference 5 presents microflash
photogrephs of water Jets under similer conditions and describes the
disintegration phenomens. This agrees with the characteristics shown
in figure 2. Microflash photographs of Jets with liquids having higher
viscosglity and lower surface tenslon than water are shown in reference 3.
Both of these properties would tend to produce more stable Jets for a
Jet velocity range of 20 to 80 feet per second where disintegration is
primerily a function of surface tension forces; this tendency is.con-
firmed by the photographs. The roughened surface of the Jets at the
exit of the glass tublng was found to be similar in 81l the Jjets inves-
tigasted and therefore does not appear to be a function of irregularities
in the glass tubing. Comparatively large length-diameter ratios. were
used to produce the water Jets in this investigation. Reference 5,
however, used orifices with length-diemeter ratios of sbout 10, which
are comparable to those used in rocket engines, and the resulting Jets
are similer to those obtained in this investigation.

IMPINGING- JET-SPRAY CHARACTERISTICS
Spray Fluctuations

The instability associated with impinging Jets was initially
observed by viewing the spray formed by two impinging Jets with
stroboscopic light. The spray formation had the appearance shown in
the microflash photograph of figure 3. The photogrephs shown are
views parallel and perpendicular to the plane of two impinging jets.
These photographs indicate that the formation of liquid drops is an
intermittent phenomenon rather than a continuous process. The photo-
graphs illustrate that upon impingement of two Jets a ruffled sheet
of liquid is formed perpendicular to the plane of the two Jjets. This
sheet of liquid disintegrates intermittently, forming groups of liquid
drops and giving the appearance of waves PrOPagating from an origin
et the point of impingement.

Various date were taken to clarify the nesture of the fluctuations
in the spray. In figure 3, it will be noted thet the groups of drops-
propagating from the point of impingement are of various sizes with
irregular spacing between groups. This characteristic is more clearly
portrayed in figure 4, which shows a sequence of high-speed motion-
picture frames. The progression of the groups of drops can be followed
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in successive frames. Again the irregular size and spacing of the
groups of drops, or of waves, will be noted. The waves became less

distinct as the distance from the point of impingement increased due to

the dispersion of-the spray. Data recordings using the photoeleciric-
cell apparatus and the recording oscilloscope verify the irregular
occurrence of the waves. A typical oscllloscope trace is shown in
figure 5. Each pulse on the trece represents one wave in the spray.

A quantitative evaluation was made of wave intensity; the gquantity
of liquid per unit volume, and the fregquency from an oscllloscope trace
obtained for a typical spray. This evaluation was made assuming
proportionality between osclllioscope deflection and quantity of liquid
per unit volume intercepting the light beam. The results of this

eveluation are shown in figure 6(a), which shows frequency and intensity

on an accumulative basis. For exemple, the freguency at an intensity
of 3 1s 450 cycles per second, where 450 is the frequency based on the
number of waves of intensity 3 plus all those larger than 3. The
intensity scale used is linear, but the magrnitude 1s arbitrary.

Figure 6(a) indicates that there ies an sbundance of low-intensity waves.
Approximetely one-half the waves have an intensity of 1/12 the maximum
intensity. Further analysis of the data represented by figure 6(a)
indicated an exponential relation between freguency and intensity. A
replot of the data on semilogerithmic coordinates is shown in fig-

ure 6(b). This representation suggests that the oscillation charac-
teristic.is similar to that obtained in other phenomens such as nolse.
It aleso is typicel of the relation hetween drop size and number of
drops obtained from a spray ndzzle. Although on first Impreaslon the

" Pluctuations in the spray appear to be random in nature, on the basis
of frequerncy and intensity the fluctuations do have defined character-
istics as 1llustrated in figure 6. Under constant operating conditions,
these characteristics were reproducible and the fregquency of wave
formation over & finite time interval 1s constant.

Effect of Injection Parameters ow Wave Frequency

Jet velocity and impingement angle. - The effect of Jet—velocity
on wave frequency over a Jjet—veloclity range of 20 to 80 feet—per second
for impingement anglies of 409, 60°, 80°, and 100° was determined for
the 0.025-inch-dlameter jets. The relation between frequency and
velocity at the various impingement angles is shown in figure 7. The
frequencies shown in this and succeeding figures areé those obtalned
with the freguency meter, which represents the freqiency based on all ’
waves 1n the spray. Figure 7 shows that fregquency lncreases with
velocity with the relation approaching direct—proportionality. The
frequency gradient is approximately 30 cycles per sé€cond per foot per
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second velocity. Although no data were. taken below a velocity of 20 feet
per second, the nature of the curves suggested extrapolation to the
origin.

A similar frequency-velocity relation for all impingement angles
is shown in figure 7; -however, the tremd of increasing frequency with
decreasing impingement angle obtained for imgingement angles of 100°,
80° and 60° was reversed for an angle of 40 A lower frequency wes
obtained at an impingement angle of 40° than at 60° for Jet velocitiles
below 80 feet per second. This effect is more clearly shown in fig-
ure 8. In this case the effect of impingement angle on frequency was
determined for the 0.040-inch-diameter Jjets. The frequency was deter-
mined over the maximum impingement cycle rainge of the apparatus
including the frequency measured in the nonimpinging Jet at a point
where complete disintegration of the jet exists. The curve shown in
figure 8 is & theoretical relation that will be discussed later. Good
agreement with the theoretical curve was obtained at impingement angles
of 50° and sbove. The frequencies obtailned at low implngement angles
are reproducible; however, some of the devietion from the theoretical
curve may be attributed to the indistinct nature of the waves at low
impingement angles. The freguency meter was not completely responsive
to those indistinct waves.

The variations in the spray pattern resulting from changes in Jet
veloclity are shown in figure 9. The patterns for velocities of 20, 40,
60, and 80 feet per second at an impingement angle of 60° are shown
for the 0.025-inch-diameter Jjets. Views perpendicular as well as
parallel to the plane of the jet are shown. These photographs illus-
trate that the wave pattern is not substantially altered by Jjet
velocity. Smaller drops, however, are formed at the higher velocities.

The wave patterns for impingement angles of 30° 5 60° , and 90° at
a8 Jet wvelocity of 60 feet per second for the 0.025-inch-~diameter Jets
are shown in figure 10. These photographs indicate greater definition
of wave pattern as well as a shorter distance for complete disinte-
gration of the liquid sheet as impingement angle increases. The photo-
graphic views perpendicular to the plane of the two Jets indicates a
larger dispersion of the spreay es impingement angle increases.

Jet diameter. - Frequency measurements were mede over a velocity
range of from 20 to 80 feet per second and at an impingement angle of
80° for Jet diemeter of 0. 025, 0.040, and 0.057 inch. These results
are shown in figure 11. An increase in frequency with decreasing
diameter at constant velocity is indicated; however, the effect of
diameter is comperatively small. A dlameter range of from 0.025 to '
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0.057. inch at constant veloclty represents a flow range of approxi-
mately 5 and resulted in a frequency varilation of from 200 to 300 cycles
Per second. An equal flow range at constant diameter and varying veloc-
ity results in a fregquency veriation of spproximetely 2500 cycles per
second. The effect of jet—diameter on the relation between frequency
and impingement angle is shown in figure 12 for a Jjet—velocity of

60 feet per second. Filgure 12 is similer to figure 11 in that an
increase of frequency with decreasing diasmeter is observed. The
effect—of Jet diameter, however, is shown to be larger at small

Impingement—angles.

Inasmuch as an indicated veloclty was used in the comparison in
figures 11 and 12, the small variations in frequency are insufficient
to predict the effect of dismeter beyond that the effect is small in
comparison.to the effect of impingement—angle and velocity.

The effect of dlameter on the spray pattern is illustrated in the
photographs shown in figure 13. The spray pattern for the 0.025-,
0.040-, and 0.057- inch-dismeter Jets at a velocity of 50 feet per
second end an impingement angle of 70° is shown. Beyond that the
gize of the resulting spray changes with diameter, vnly small differ-
ences are detectable. Figure 13 gives the appearance of successive
enlargements of the same picture.

Jet length. - The length of the Jets before impilngement wes
varied under several conditions to determine the effect of this param-
eter on wave frequency. The effect on the 0.025-inch-dismeter Jets at
an impingement angle of 80° and jet velocity of 60 feet per second,
and on . the. 0.040-inch-diameter jets at—= velocity ‘of 40 feet per
second and impingement angles of 40° and 90° is shown in figure 14,
The streem_length was varled in the range of 6 to 80 diameters. The
effect-over this range is shown to be negligible; a small increase in
frequency, however, occurs below a stream length of 30 dlameters. The
increase amounts to only 100 to 200 cycles per decofid. a

The effect of stream length 1s more pronounced ‘in spray pattern
than in the frequency. Figure 15 portrays the effect on the 0.025-inch
Jets at a velocity of 40 féet per second and angle 6F60°. Stream
lengths of 1Q, 20, 40, and 60 diameters are shown. It will be noted
that dispersion of the spray increases as stresm length increases.

At a stream length of 60 diameters, the Jjet has become very unstable
and aelmost complete- separsation occurred. Beyond this length it is
possible for liquid from one Jet to pass through the path of the
other Jjet without interference or implngement-= The spray patterns
perpendlcular to those shown in figure 15 are rot presented. The
sprday pattern in this plane was substantielly unaffected.

2212
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DISCUSSION OF RESULTS

The results obtained expose the phenomens of fluctuations in
the formation of a spray from two impinging Jjets. As previously stated,
upon impingement of two jets a ruffled sheet of liquid is formed per-
pendicular to the plane of the two jets. This sheet disintegrates
intermittently,forming groups of drops and giving the appearance of
waves propageting from the point of impingement. Further analysis of
the waves indicates that the ruffling of the sheet persists to the point
of disintegretion and determines the frequency og the waves in the
resulting spray. This is particularly evident at small implngement
angles, as in figure 10. At small angles the disintegration of the
sheet occurs over a greater distance and the resulting waves can be
traced to the ruffling in the sheet. Of particular interest in these
phenomens, therefore, are the factors instrumental in ruffling of the
ligquid sheet.

The ruffling of the liquid sheet is attributed to the action of air
friction and alr turbulence in reference 8. The photographs of the
spray patterns and the frequency measurements presented indicate that
ruffling of the sheet is also affected and promoted by disturbances or
irregularities present in the jets before impingement. Such irregular-
ities In the Jjets result in continucus changes in momentum of the jets
at the point of iImpingement and deflect the liquid sheet toward the
path of the Jet with the larger momentum, thus originating a ruffling
action. The two forces causing the sheet to ruffle - that is, the -
interaction of the liquid sheet with eir and the irregularities in the
Jets - apparently sct simultaneously and the resultant frequency of the
waves will depend on the relative magnitude and charscterlstics of
these forces.

If the ruffling of the spray is caused primariliy by air friction
and turbulence, the ruffling will be largely dependent on the velocity
of the sheet. As the velocity increases,,the friction and hence the
frequency will also increase. Such a relation was obtained for the
effect of jet velocity on frequency (fig. 7), if the jet velocity and
sheet velocity are assumed to be directly proportional for a constant
impingement angle. As the impingement angle is changed, the resultant
velocity of the sheet should vary as the cosine of one-half the impinge-
ment angle (based on conservation of momentum). This relation applied
to the experimental effect. of impingement angle or frequency 1s shown
in figure 8. The correlation appears good for impingement angles
between 50° and 100° and the frequency of a nonimpinging jet corre-
sponds to the frequency for a 0° impingement angle. Lack of correlation
at small impingement angles, however, indicates that the frequency is
not a unique function of the sheet wvelocity.
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If the ruffling of the spray is caused primarily by irregularities
in the Jet, increasing jet velocity at —constant impingement angle will
again result in an increase in frequency, as shown in figure 7, because
irregularities in the jets increase with jet velocity. It would appear
that changes in impingement angle would not change the fregquency of
waves 1n the 1lguid shéet; however, the effect of changes in impingement
angle on the combination or addition of irregularities 1n two jets is
not readily predictable and cammot be determined from the dats obtained.
Further evidence to show the influence of irregulsrities in the jets
on the liquid sheet can be seen from the spray pattern for varilous jet
lengths shown in figure 15. As Jjet length is increased, the irregu-
larities in the jets become more fully developed and are reflected in
the spray by a greater déflection or ruffling of the sheet. In this
case, the grester degree of ruffling appears to be primarily a func-
tion of the irregularities of the jets because the changes in veloc-
ities of the sheet and, hence, the effect of air Priction are small.
Although changes in. jet—length resulted in relatively small changes in
frequency, as shown in figure .14, the changes obtained were apparently
a8 function. of the. irregularities in the Jjets.

The separate effects of alr friction and irregularities in the
Jets can be combined for a possible explanation of the effect of
impingement angle, as shown in figure 8. Irrégularities in the Jets
establish a given frequency, but this frequency is modified by the
changes in the velocity of the sheet-and the action of the air. The
modified frequency would apparently correlate with the veloclty of the
sheet, as was cbtained for impingement angles between 50° and 100°. At -
small impingement angles, however, the frequency established by irregu-
larities in the Jets - -is reduced because the component of momentum tend-
ing to deflect the sheet is decreased and all irregularities in the jets
do not appear in the sheets— Such a decrease in frequency was obtained
below an impingement angle of-50°. Whether such an explanation
decribes the phenomenon, it is apparent that both irregulsrities in the
Jets and action of the air influence the frequency. If liquids of lower
viscosity and surface tension are used or if the flow in the Jets is
caused to oscillate (from combustion' instability), the additional dis-
turbances in the jets must therefore be considered in extrepolating
the frequency measurements obtained in this investigation.

SUMMARY OF RESULTS

From the investigation of the fluctuations in the formatlion of
spray from two impinging water Jets, the following results were
obtained:
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1. Upon impingement of two jets, a ruffled sheet of liquild was
formed perpendicular to the plane of the two Jjets. The liquid sheet
disintegrated intermittently,forming a group of drops that appear as
waves propagating from the point of impingement. )

2. The intermittent disintegration of the 1liquid sheet resulted
in irregular spacing between waves and in variable wave Iintensity.
There was an abundance of small waves with the number of waves above
a glven Intensity decreasing as the intensity increased.

3. The frequency of wave formation was constant over a finite time
interval under constent operating conditions. The frequency varied
between 1000 and 4000 cycles per second for the range of test conditlons
used in this investigation.

4. An increase in jet velocity resulted In an increase in wave
frequency. The relation approached a direct proportionslity. For the
jet diameters. and velocities used in this investigation, an increase
in jet velocity of 60 feet per second resulted In an Increase in
frequency of approximately 2500 cycles per second.

5. An increase in impingement angle resulted in e decrease in wave
frequency for impingement angles of from 50° to 100°. The decrease in
frequency with impingement angle was epproximated by the decrease in
the cosine of one-half the impingement angle.

6. A diameter change from 0.025 to 0.057 inch had a negligible
effect on wave frequency coumpared to the effect of jet velocity and
impingement angle.

7. A change in jet length from 10 to 80 dlameters before impinge-
ment had a negligible effect on wave frequency.

- 8. From the photographic and frequen¢y data obtained, it appeared
. that the ruffling of the liquid sheet persists tq the point of disinte-

gratlion of the sheet and determines the frequency of the wave formation
and that irregularities in the Jjets before impingement may be as
instrumental In controlling the ruffling of the ‘1iguid sheet as is the
friction of the air.

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohioc, February 16, 1951.
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Figure 1. - Schemstic disgram of impinging-jet apparatus and instrumentation.
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Pigure 2. - Bffect of jet weloclty on pattern of 0.025-inch-dlameter jets.
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C-27194

Figure 3. - Microflash photographs of formation of spray by two impinging jets of water.
Views perpendicular and parasllel to plene of Jets are shown.
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}: 0.0014 sec >

C-27200

Figure 4. - Successive frames from high-speed motlion pilctures of formation of spray fram
two impinging jets of water.

!

0.028 sec

C-27185

Figure 5. - Oscilloscope trace of photoelectric-cell signal resulting fram intermittent
disintegration of sheet of liquid formed by two impinging Jets.
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for fluctuations resulting from impingement of two liquid Jets.

Frequency shown reprepents frequency of waves of amplltude

greater than given amplltude.
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Figure 7. - Effect of Jjet velocity on wave
frequency for several impingement angles.
Effect is shown for impinging Jets 0.025
inch 1n diameter.
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Flgure 8. - Effect of impingement angle on wave frequency for 0.040-inch-dlameter

Jets at veloelty of 40 feet per second.
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Figure 11. - Effect of Jet diameter on

relation between frequency and Jet veloc-

ity at impingement angle of 80°.
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Flgure 12. - Effect of Jet dliameter on relation
between frequency and lmpingement angle at Jet

veloclty of 60 feet per second.
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Figure 13. - EBffect of Jet dismeter om spray pattern. Cond.:l'gian.a: Jet veloelty, 50 feet per second; impingment
angle, 70°.
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Figure 14. - Effect of Jet length before impinge-
ment on spray frequency.
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Figure 15. - Effect of ratlo of jJet length to jet dismeter on spray pattern. Conditions: Jet dlameter, 0.025 inch; Jet
velocity, 40 feet per seccnd; impingment sngle, 60°.
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