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O e IS
SLY.ARY

The distribution of the fuel in sprays for cowpres—

sion-ignifion engines was investigated by taking high
speed spark photozraphs of fuel sprays produced under.a
W1re Va?l?ty of condltions, ard»alSOvbg’injecting-them
against pieces of Plasticine, A photographic study was
made.of sprays JﬁJected inta evacuauea chambers;..-into the
aClOSOM&Te, 1nto compressed -air, and into trdusparent lig-

uids., Pairs of identical sprays were injected counter to
eachh other and their behavior analyzed. ©Small high~veloc-
ity air jets were directed normally - to the axes of fuel
sprays, with the result that the envelope of spray which

nsually obscures the core was blowl aside, leaving the
coxe e;poseg on one side, s 2 2 i

The resnlts showed that the distribution of the fuel
within the sprays was .very uneven. Under eangine-operating
conditions the fuel was subdivided ianto :mahy small parti-'
c‘es by the time it had penetrated 0.75 inch. " In the cores
of the sprays,.  these particles had a higH'VelocitV'relative
to the air in their immediate:vicinity, but as their veloc=
ity was reduced, they were forced out of the core and formed

the spray.envelopes .The shape 'of the:central core’ varied
with the density of: tHe chamber air, becoming shorter and

thieker w1tn increasing:.air density.’ =

INTRODUCTION

Because of the grest importance of fuel distribution

a the development of light-weéight compression-ignition ea-
ileq, this seéries of experiments was-undertaken for the
urpose of- obtaéning more.. information ou thHe distribution

f the fvel within fuél sprays for "this type-of engine.
'here are two general methods available for such an iaves-
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tigation: the separation of the sprays into parts, fol=-
lowed by a determination of the amounts of fuel in each
part, and the high-speed photography of sprays produced
under conditions especially arranged to reveal the de-
sired information., The first method has been succesgs-
fully used at the Pennsylvania State College with sprays
from plain cylindrical nozzles (references 1 and 2), and
the results showed that the fuel concentration was great-
est in the center of the spray. Many early spark photo-
graphs made by the National Advisory Committee for Aero-
nautics also showed this to be true, but the density of
the spray cloud was so great that little could be learned
of the internal structure of the sprays.

In the present experiments, the photographic method
was extended and improved by decreasing the exposure time,
and by injecting the fuel under conditions which had not
been used before at this laboratory. These experiments
were conducted during the summer of 1931 by the National
Advisory Committee for Aeronautics at Langley Field, Va,

APPARATUS AND TEST KETHOD

A complete description of the spray- photography squip-
ment used in this investigation is given in reference 3,
Briefly, the spray is illuminated by a series of sparV dig-
charges, and the images are focused on a moving film by a
lens. The duration of the individual spark discharges. has
never been accurately determined, but the amount of blur-
ring in some of the photographs indicates a duration of
from 000000 tol 0k OOOOOl second

During part: of this investigation, the spark-produc—
ing circuit was replaced by that shown in Figure 1. This
circuit is similar to those which have been used in elecg-
tric stroboscopes and for the photography of bullets in
flights  The dursbion of the spark discharge in such cir-
cuits is said to be of the order of 0,0000001 second. (Ref-
erence 4.,) The high-voltage condensers A and B have capac-
ities of approximately 0.1 and 0.003 microfarad, respect-
ively., They were charged to a potential of 30,000 volts by
using a transformer and a rectifying tube, A cotton string
wet with calcium chloride solution formed a high electrical
resistance and 'was used to keep the two condensers at’ the
same-potential. The spark was timed by a disk switch on a
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shaft connected through :an adjustable coupling to the cam-
shaft ecomtrolling the Ffuel injection., ' When the switch was
closed by a rotation of the shaft, condenser B discharged
across gap'C. The width of the two spark gaps was so ad-
justed that condenser A would not dlscha“fe across Dboth of
t ew until after the air in gap € had been ionized by th
”“ﬁe of condenser B. The discliarge of condenser A a-
P Dfurnishec Sther i ohtation pho’coL-:ra,pn.L.b the spraj
ing shielded from the camera. The copper connect-
s were about three thirty-seconds inch in diameter

made as short as p0331ble to minimize the resist-
the circuit. The spark-gap points were made of
instead of the magunesium regularly used, to roo“cé
terglow of metallic vapor which follows the break-
down of the spark &1scdarbe. A¥° thisg clrcult delivere& on-
ly a single spark, the photograph was taken on a atlo ary
film. Sets of photographs showing the various sta,es in
the %eve10pment of the sprays'were made by using.a differ-
ent spark timing for each photograph. The.high-speed spark
circuit was used during an investigzation of the effect of
the density of.:the chamber air on the distribution of the
fuel "in fuel sprays. The photographs were clearer than
those made with the regular c1rcu1t, revealing several new
features of spray structure and “férmatione

The regular spark circuit was used to take .several
other series of spray photograpise. In one serjes,.ecach in=
jection was composed of two separate sprays directed toward
each other and impinging in the center” of the: chamber, 4
T connection was inserted in the injection line, and p eces
of steel tubing of equal 1eaatn and diameter were. connected
to the injection valves., As these valves wmere of the .same
design, only a slight adjustment of the valve-opeaing pres-
sures wasg necessary to cause the sprays to-emerge from the
two nozzles simultaneously, Open nozzles were also used,
and these were so arranged that the distance between the
nozzles could be changed. , Sketches showing the type of in-
jection valve and open nozzles tested may.be found in ref-
erence 5. .An-orifice diameter of 0.020 inch was used for
all tests except those with the ceatrifugal-type sprays;
for those it-was 0.022 inch.

The allbnment of the sprays was ch ec:ed by pumping
fuel through the nozzles at a pressure so low that unbroken
jets o¢ fuel were formeds Thege jets mebt:at .the center of
the chamber and formed a disk of fuel about an inch in di-
ameter. The plane of this liquid disk was at right angles
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to the axis of the fuel jets, showing that the two noz-
zles were in good alignment,

For another series of photographs a tube was brought
through the top of the spray chamber, its end closed, and
"a small hole drilled in this closed end. The other end
of the tube was connec¢ted to a -compressed—-air reservoir,
'so that a strong jet of air was produced in the spray cham
ber. This jet was directed normal to the axis of the fuel
spray at different distances from the fuel nozzle., Hand
"valves were placed between the compressed~air reservoir and
“the air-jet orifice, and between the spray chamber and the
atmosphéres By adjusting these valves, the injection priese
sure of the air jet and the chamber~air density could be
regulated to the desired values., TFuel and air-=jet injec-
tion pressures and chamber-air pressures were measured with
reference to the atmospherlc pressure, and are so expressed
in this report.

The temperature - of the chamber air was approximately
the same as that in the room for all tests. Changes in its
density were secured by changing its pressure. Densities
less than atmospheric were obtained by evacuating the chane
ber with a piston-type vacuum pump, and those greater than
atmospheric by connecting the chamber to a compressed—air
reservoirs.

Experiments on the relative penetrating power of dif-
ferent sprays, and of the different parts of the same spray
were nade by injecting them against smooth-surfaced pieces
of Plasticines The depths and shapes of the impressions
made in the Plasticine were compared for injections from
plain cylindrical nozzles, and from nozzles having helical
grooves in the valve stem. Different injection pressures
and chanber—-air densities were used, and the Plasticine was
placed at different distances from the nozzles. This method
of studying sprays was found to be very satisfactory, and it
is recommended as a simple and valuable test of the energy
distribution of the fuel, within fuel sprays.

The fuel used in all tests was a high~grade Diesel fuel
having a specific gravity of 0.86 at 80° F., and a viscosity
of 0.0221 poise (35.0 seconds Saybolt Universal) at 100° T,
and atwmospheric pressure,
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RESULTS AND DISCUSSION

Effect of Air Density on the Distribution
of Fuel in Sprays

The:sformation of funel eprays. = The exact process by
‘which the fuel injected through small nozzles is atomized
to form a spray is still a matter of controversy. Several
theories have been advanced based on the reSisting force
of the air into which the fuel is injected, However, ex-
periments made at this laboratory on tae effect of chamber-
air deasity on the atomization of fuel sprays (refereqce 6)
showed that the air demnsity had little effect. Farthermore,
during the preseﬁt investigation, spark ph otograpls were -
nade of fuel sprays injected into air having a deasity of
only 0.0005 pound per cubiec foot, and these showed the
sprays to be as well dispersed as sprays injected i1nto air
at atmospheric density. Even though the density of the air
fTails G0laceonnt entiirely Tox tho “ornation of the fuel
drops, it will now be shown that it is of primary importance
in the shaping of the spray and the distribution of the fuel
within the spray.

Computations of the velocity and penetf ationiof single
fuel drops injected into dense air have been made by Kuehn.
(Reference 7.) He showed that for the range of injeetion
velocities, drop sizes, and combustion chamber-air densities
commonly used in airless injection engines, in no case would
a siin °1e fuel drop penetrate the air much more than one inch.

"The fact that fuel sprays penetrate much farther he con-
cluded to be due to the mass effect of the large number of
drops they contain. In the central part of the sprays, tae
drops are so closely spaced that most of them do not travel
thr unh still air, but are in air which has been disturbed
bv preceding drops., The leading drops set up an air cur-

nt in_the direction they are moving, so that .the later
oneg, althoungh not travelihg a greater distance relative to
the air, actually reach points farther from the nozzle,

The high~speed motion pictures of fuel sprays from cyl-
indricel nozzles which have been made at this laboratory
have shown tlat the fuel in the central core of the spray
travels faster than that in the snmrrounding envelope. This
Tact _nalcatcs that the core is composbd of drops which have
a high Ve1001ty relative to the air in ftheir immedilate vi-
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cinity and are causing it to move in .the same direction,
whereas the drops in the envelope are those which had been
injected earlier, delivered their energy to the air until
they lost most of their velocity relative to it, and then
were forced aside by the on-coming column of air and fuel

in the core behind them.

Plasticine target tests.- The foregoing explanation
of spray formation was supported by the results of the ex
perlmeuus with Plasticine targets. One of the prellmlnarJ
experimerts consisted of directing a jet of air against the
Plasticine. It was found that no impression was made no
matter how close the air nozzle was brought to the Plas-
ticine surféce,.or how great an air-injection pressure was
used., When fuel sprays were injected against the targets,
impressions ‘were formed having diameters less than the di-
ameters of the sprays at the sections intersected by the
targets., In the sprays, therefore, it was the fuel rather
than the air that deformed the Plasticine, and the fuel in
uHe central cores of the sprays Had much more energy than
hat in the envelopes.

In Figure 2 is shown a photograph of a series of im-
pressions made in Plasticine by sprays from a plain cylin-
drical nozzle. The injection pressure was 4,000 pounds per
square inch, the injection period 0,005 second, the orifice
diameter 0.020 inch, and the air demnsity 1.1 pounds per cu-
"bic foot. The number beside each impression is the dis-
tance in inches between the nozzle and the surface of the
Plasticine at the time of injection., In the following ta-
ble are listed the diameters and depths of the impressions,
and in the last column are given the outside diameters of
a spray, produced under the same conditions, and measured
from a spray photograph at corresponding distances from the
nozzle. ;

Distance from Diameter of Depth of Outside diameter
nozzle to tar- impression, impression, of spray from
get, inches inch inches photograph, inches

Q25 0.08 140 ) vls

1.0 .20 ' .9 .50

i) oD 545 S5

2y ~ 30} el «94

L) ‘ silie .05 1.10
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> A comparison of the second and last columns of the
thle shows that although the gZeneral outline of the spray
was a coae, the core of rapidly moving fuel in the centér .
increaged in diameter until it reached a point about 2
inehes from the nozzle, and then diminished., ';argetq
placed 3.5 inches from the nozzle showed only a. shallow
impre351on; at 4 inches, no impression at all could be
seen, . At this distance, so much of the Llnetlc ‘energy of
the fuel had been transferred to ‘the air tnat the spray
could make no mark on the target. g

For each of these tests, the thickness of the Plas-
t ci;e was made sufficient to stop the fuel completely.
The. bottom of the 1mpress;ons was always conical in form,
indicating roughly the dlstrlbutlon of energy .in the spray
core In 'this connection, the tests. made at tlie Peangyl-
vania State College (references.l and 2) on the distribu-
tion of. fuel within sprays from cyllndrlcal nozzles are
of -interest. The two methods supplement ‘each oOther very
well; the N.A.C.A. tests give results for'tge core of the
spray, and the Pennsylvania State Coliege tests give data
for the envelopes ' :

e

The diameters. given in the table are those at the sur-

face of the.Plas t1c1ne. An examination of the deeper im-—

pressions showed., hat their diameter increased somewhat be-
~low the.surface., . Fhe enlargement was probably cause od by -
the -blasts .of air that were ca arried.into the holes by the,
fuel particles. In. another series of tests, thin slices

0of Plasticine were used, backed by wire Screenihge, This
arrangement allewed the fuel spray . to pass through the tar
get, leaving a hole which more accurately indicated the
.core diameter. For the same conditions to which the re-~
sults of the table apply, and at thé same distances from
the nozzle, the diameters of the 1moress1ons were 0.04,
0,08, 0.14,0.18 and 0.16 inch, respectivel]

In Figure 3 is shown a photograph of the impressions
made in Plasticine by sprays injected into the atmosphere.
The injection pressure was 4,000 pounds per square inch,

and the nozzle diameter 0.020 inch, .as before. The form
of the imnpression varies from an almoau'straight~walled
hole 0,10 inch in diameter and about 0.50 inch deep at th
B6=1inch élvtaqce,.taroagn a. series of trumﬂet shapes having
increasing amounts of flare and less depth, until at 24
inches the impression is of almost unlform depth.
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Spark photographs showing the effect of air densitye=-
The influence of air density on the structure of fuel sprays
is shown by the photographs in Figure 4, which were made
with the high~-speed spark circuit shown in Figure 1. Pig-
ure 4A was made with a chamber-air density of 0.0005 pound
per cubic foot (pressure = 0.5 centimeter of mercury). It
shows the form taken by a fuel spray from a.plain. mozzile
when the density of the chamber air is negligibles A com-
parison of photographs made at different stages of injec-
tions into evacuated chambers showed that all parts of the
spray had very nearly the same velocity. For Figure 4B the
chamber-air density was atmospheric. The core of the spray
is shown quite distinctly, surrounded by the envelope.
Streamers of spray are projecting away from the core and
downward. These were formed as the spray tip passed these
places, the conical tip being continually replaced by fresh
fuel coming up the core. When the chamber-air density was
raised to 1.1 pounds per cubic foot, the velocity of the
spray tip was so greatly reduced that the fuel thrown off
completely hid the core. (Fig. 4C) For this .last case,
the chamber-air density corresponded to-that at top center
in an engine with a compression ratio of 14,5,

The high-speed spark photographs of injections ianto
air at atmospheric density gave some interesting results.
The chamber air was dense enough to show somé effect on the
sprays, but not dense enough to cause the core to be hidden.
In Figure 5 are shown two photographs of fuel sprays in the
atmosphere, the injection pressures being 3,000 and 700
pounds per. square inch., In Figure 5A notice the vortices
. at the edge of the spray, probably caused by the different
velocities of the air in the core and the envelopeis' Alsaq
notice in Figure 5B that the core does not appear as a sol-
id jet of fuel, but seems to be atomized.

Effect on Spray Penetration
of Injecting into Liguids

As the density of the air into which the sprays were
injected was increased, the deceleration of the spray tip
became nore rapid. However, even when using the greatest
alr pressure that was safe in the spray chamber, the spray
tip was still moving rapidly when it reached the opposite
side of the chamber. The density of the medium was raised
Without'going to dangerously high pressures by injecting
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the fuel into water and glycerin. The medium itself hav-
inz been changed, the results can not be gstrictly compared
with those obtained with air, but spark photographs made
with the regular ‘spark circuit showed that the shape and
general behavior of fuel sprays injected into water were
similar to sprays injected into compressed air when the
same injection valve and nozzle were used., (See fig. 64)
Wien fuel sprays were injected into water that was at at-
mospheric pressure, the fuel jet was very narrow and the
rate of penetration nearly as high as that in air having
a density of 1.l pounds. per cubic foot., When pressure was
apnlied to the water the rate of penetration was much lower,
aad the “jet much broader. Similar results were obtained
when tae fuel ‘sprays ‘were injected into glycerin. '
In the spray photographs of Figure 6, and in those
which follow, the time scale may be obtained from the lin-
“ear scale given -in each case, -the distance representing
one inch on the linear scale also representing 0.0005 sec-
ond: on the time scalee.

with time for fuel sprays injected into water and glycerin
having various pressures, and also shows one curve for a
sprey injected into compressed air for comparison. Notice
that the rate of penetration does not decrease uniformly
with increasing water pressure, an increase from atmospaer-
ic pressure to 15 pounds per square inch havipg a greater
effect than a further increase to 100 pounds per square
inch. Injections into gases having various pressures and
the same temperature have shown the same treand, but to a
lesser ‘extent. (Reference 8.) As the density of a liguid
changes very little with pressure, the decrease in the rate
of penetration can not be atitributed to amn increase in the
dengity as ‘it was for gases. Neither can it be attributed
to0. a change in viscosity in the case of water for the ef-
frect: of a change of pressure of this magnitude on the vis-
cosity of water is very slight. Only two injections were
made into glycerin, but in eachk case the penetration was
greater than with water at the: same pressure. This was
contrary to expectations, for both the density and viscos~
ity of glycerin are greater than those of water. -

Figure 7 shows the variation in spray-tip penetration
L
U

Another feature of the curves in Figure 7 is the sud-
den decrease in their slope after 0.,0005 to 0.0015 second.
This breal probably represents the change from a forward
motion of. the fuel through the liquid medium to a turbulent
movement of mixed fuel and ligquid medium.,.
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OpposediFgel Sprays

In the experiments with identical sprays directed
against each-other, the. axes of, the two sprays were coin-
cident. uacn spray . being o'muetrlcal _about its axis, sim=-
ilar parts of. the two sprays met -in the. center of the
chamber. The result of this meeting, as shown by the spark
photographs, can be explained along the lines of the fore-
_g01n;,d1acussiOn. A '

-Figures . 8 to 1% ShOW four serles of spark photog raphs
of such opmooed Felly sprays, made w1th. he .regular spark
circuit. Each series was made with an injection pressure
of 4,000 pounds per square inch, but with different cham-
.ber-air densities, . The dlstance be*wee he nozzles was.b
inches. for this series: of pnoyograbhs, s6 that the sprays
.met after .each had tecome .2, 5 inches long.. With the cham=-
ber evacuated (Ilg. 8) there was some interference between
the opposing sprays but there was no indication of a disk
such.as was formed when two .salid jets were directed a=-
gainst each other. There being practlcallv no air presen
to hinder the motion of the fuel, the deflected portions of
the sprays quchly fllled the bpace around the main jets
With the chamber air at atJOSpherﬁc pressure (fdge "9) tde
cores. of the sprays again met . each other with little inte
fereace. In thig casc, however, the deflected portions
were quickly stoﬂped by the alr' s0 that they formed an
eddying envelope about the cor es..

When the density -of the chawber air was increased to

0.60 pound per cubic foon (flg. 10) there was practically
no interference between the sprays.  They were apparently.

so well dlopcrsed that the- drOyS in each spray passed be~
tween those of the other spr fog RO Wi gunier i1 1 g St e ic hailes
ber—~air density was raised to Lol poan“ per cubic foote
The sprays again passed through each other, but a differ-
ent kind of interference was shown by the bulging of the
envelopes at the meeting point. The appearance of thi
bulging suggests that it was caused by the meeting of two
columns of .air, and this explanation is consistent with
Kuehn's conclusion that the rapidly moving drops set up an
air current within the spray.

Figure‘lz shows. fwo opravs‘of the centrlfugal tyve di-
rected against each other Ay ate haviang the same density as
floptFAsure @l In thls caoe the .spray-tips do not continue




. . H E ¥ LT A 3 1 A

N,A.C.A, “Eeehnical Note No, 410 il

to move forward after Aeetlnb, but & cloud of .spray is
projected at rizht anules to i e %prav axis. The res“lts
of Plasticine target 'tests with’ ‘centrifugal-type sprayrs
showed that their cores were composed of two distinct parts -
small central jet and a hollow cone surrounding the jet.

a
Spark photographs showed that tae central jet emerged be-
fore the hollow cone, but that it was soon overtaken by the
cone., This jet is probably composed of the fuel trapped Dbe-
tween the orifice .and stem .s ca+ .g0 that it . is dnjected
witdout any whirling motiogm. bﬂrass of this type have a
very low enetraulng power; . “the 1ax1num distance . in air at

a densit" of 1,1 pounds ner cubic foot at which they wounld
‘malke a rark on the Pla t1c1ne was, 0«75 inch. At a distance
of 2.5 inches, t erelore, all thae drovs must have come near-
ly to a stop with respect t¢ the air, and so the results
shown in Pigure 12 are easily unde;stood. L :

Summarizing - tLeLe were two extre eé'of { pray iater-
ferences in one, the two sprays were not dispersed well
enouvugh for the drops to pass between ‘those of the opposite
spray and in the otner tue" were well dispersed, but all .of
tue drops had lost nearly all velocity relative to.the air.

Most of tl@ cases pqotogr nned fell Detm, en these. two ex~-

tremes.

Figures 13 to 15 show opposed-spray injections into
air zept at constant density, .but with dl*ferenv injection
pressures and di's tances between the nozzles. It was neces~
sary to use open nozzles for tais series, but as previous
tests (reference 5) have shown that sprays from these noze
‘zles are sinilgf’to those from the injection valves used

in the variable air den31t* series, the results of the two

series’ may be cu*parea.

For both Figures 13 and 14 the distance between the.
nozgzles was 3 inches, but the injection pressures were 500
and 40C0 pounds per square, inch, respectively, With the
lower injection pressure the dispversion was apparently poor

el o ole sprays showed t;e same type of ianterference as
hose of the previous series made at low air densities,
Tith the “1gher air dengity there was little lnterfurcace,
the results being similar to those shown in Flgures 10. and
e g ! ' ' ' '

Piguresg 11, 14, and 15 form a series in which the va-
riable is the distance between the nozzles. In each case
the nhotogrephs are gquite similar., Notice in Figure 15
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that the sprays pass through each other and rebound from
the end of the opposite nozzle-holder. This figure shows
that even at 0475 inch from the ;nozzle, a high~velocity
spray  in dense air is well broken up.

-

Effect of Air Jets.
Directed Normal to Fuel Sprays

:-The photographs of fuel sprays having air jets di-
rected normal to their axes were made to investigate the
characteristics of the spray cores. The air jets deflected
the spray envelopes leaving the cores exposed on one.side.
For Figures 16, 17, 19, and 20 the fuel was injected with
an open nozzle, but for Figure 18 an automatic injection
valve was used. In each case, the fuel-orifice diameter
.was 0,020 inch and the orifice diameter of the air jet was
0.040 inch. The photographs shown in Fig gures 16 to 18 were
made with the chamber air at atmospheric density, and with
the air. jet approaching the fuel jet from the right. 1In
Flgure 16, the fuel in the envelope of the spray is shown
being driven aside by the air jet, leaving the core exposed
and deflected slightly, In Fisure 1%, for which the fuels
injection pressure was only half that for Figure 16, both
the envelope and the core are shown being deflected by the
air .jete :

The point of intersection of the fuel and air jets was
about one-quarter inch from the fuel nozzle for Figure 16,
and about eleven~sixteenths inch for Figure 17. In both
cases the distance from the air orifice was about one-six-
teenth inch. For Figure 18, the distance from the fuel noz
zle was 3.5 inches, and from the air orifice about 1 inch,.
In Figure 18 the core is being nonuniformly deflected by
the air jet, showing that the distribution of the fuel in
the spray core was not uniform.

In Figures 19 and 20 are shown photographs of fuel
and air jets intersecting abouf three-quarters inch from
the fuel nozzle and one-quarter inch from the air orifice °
in a chamber where the air density was 1.1 pounds per cu-
bic footes For Figure 19 the air jet was coming from the
right, but for Figure 20 it was moving dlrectly away from
the camera 1ens.

TR A S LT
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Different values of the air-jet injection pressure and
the chumber—air pressure were used, but their ratio was al-
ways greater than 1.9, which is the critical value at which
the vel oc;by of the ‘issuing jet Decomés equal to the veloc-
ity of sound. An 1nc¢rease in the value of this ratio will
not increase the jet veldcity. The ‘vélocities of the air
Jets in these experiments were therefore the same in all
cases, and their energies depeﬂded'dnly on the density of
the dir in the :jebd, 'Photocrdpnc made with different air-
jet injection pressures, but wita the same fuel-injection
pressure and chamber-air density, showed little variation
in the sprays.'vfhe lesser deflection of the core shown in
Figure 16 as compared with Figure 17 should therefore be
attributed to the higher fuel-injection pressure of the fore
mer rather than the lower air-jet injection pressure. Also,
in comparing Figure 16 with Figure 19, the greater deflec—
tion of ‘the latter should be attrlbuteﬁ to the increased de
sity of  the air in the air jet, and to the decreased veloplty
of the fuel in the spray core. '

CONCLUSIONS

distribution of the fuel in Dboth the core and
the envelop £ ta el Sprays 1s very mneven..
2. Under engine-operating conditions, Diesel fuel in-
J cted through a 0.0dCelgch cylindrical nozzle is subdivided
to many partitles by the time ﬂb has penetrated. 0.75 inch.

Fully developed fuel sprays are composed of a cen-
re and aun outer envelope. The core is composed of
fuel particles having a. high velocity relative to the air in
their immediate vieinity.. As a result of this relative ve-
locity a current of air is.set up in the core. The envelope
1s composed ‘of fhuel particles that were formerly in the core
where they transferred their energy t¢ the air until they
lost most of their velocity relative to it, and were then
forced out into the envelope by the oncoming column of air
and fuel in the core behind them.

3%
tral co
Iy

4. The shape of the central core varies with the den-
sity of the air, becoming shorter and thicker with increas-

A
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Fig.2 Impressions made in Plasticine by fuel sprays injected through air
baving a density of 1.1 pounds per cubic foot-
Tuel-injection pressure - 4,000 pounds per square inch.
Valve-opening pressure - 3,500 pounds per square inch.
Figures beside each impression indicate the distance between

the nozzle and the Plasticine, in inches.

v

Fig.3 Impressions made in Plasticine by fuel sprays injected through air
having a density of 0.076 pounds per cubic foot.
Fuel-injection pressure - 4,000 pounds per square inch.
Valve-opening pressure - 3,500 pounds per square inch.
Figures beside each impression indicate the distance between
the nozzle and the Plasticine, in inches.
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A B C
Fig. 4 High-speed spark photographs of fuel sprays injected into air
having different densities.
Injection pressure, 4000 pounds per square inch
Chamber-air density, (A) 0.0005 pounds per cubic foot
" ] " (B) 0.076 " " i fl
il " 1] ( c) ] ] ] 1} i
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X
|

Scale,inches

g ¢ B

Fig.5 High-speed spark photographs of fuel sprays injected into the
atmosphers.
Chamber-air density,0.076 poundsper cubic foot
Fu.el-injection pressure, (A) 3,000 pounds per square inch
* ,(B)700 pounds per square inch
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Fig.6

Diesel oil injected into water.
Fuel-injection pressure,2000 pounds per square inch,
Chember water pressure, (A)Atmospheric.

" " " , (B)25 pounds per square inch.
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Fig.7 Effect of the liquid pressure on the spray-tip penetration of fuel sprays injected into
water and glycerine.




Opposed fuel spray' injected into an evacuated, chamber.
Fuel-injection pressure, 4,000 pounds per square inch.

Chamber-air density, 0.0025 pounds per cubic foot.

Fig.8
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Fig.9 ‘Opposed fuel sprays injected into air at atmosphefié density.
Fuel-injection pressure, 4,000 pounds per square inch.
Chamber-air density, 0.076 pounds per cubic foot.
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Fig.10 Opposed fuel sprays injected into air having a density corresponding
to that in an engine at a compression ratio of 7.9:1.
Fuel-injection pressure, 4,000 pounds per square inch.

Chamber-air density, 0.60 pounds per cubic foot.
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to that in an engine at a compression ratio of 14.5:1.
Fuel-injection pressure, 4,000 pounds per square inch.
Chamter-air density, 1.1 pounds per cubic foot.

Fig.ll Opposed fuel sprays 1njectéd into air having a density corresponding
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Contimied from above, reading from right to left

Fig.12 Opposed centrifugal-type sprays.
Fuel-injection pressure, 8,000 pounds per square dnch .
Diameter of orifices, 0.022 inch.

Groove helix angles, 40°.
Chamber-air density, 1.1 pounds per cutic foot.




Fig. 13 Opposed sprays using a low injection pressure.
Fuel-injection pressure, 500 pounds per square inch.
Chamber-air density, 1.1 pounds per cubic foot.
Distance between open nozzles, 3 inches.

Fig. 14 Opposed sprays using a high injection pressure.
Fuel-injection pressure, 4,000 pounds per square inch.
Chamber-air density, 1.1 pounds per cubic foot.
Distance between open nozzles, 3 inches.
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Fig.15 Opposed sprays with the nozzles close together.
Fuel-injection pressure, 4,000 pounds per square inch.
Chamber-air density, 1.1 pounds per cubic foot.
Distance between open nozzles, 1.5 inches.
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Fig.,16 Fuel spray with an air jet impinging at right angles from the right:
Fuel-injection pressure, 1,000 pounds per square inch.
Air-jet injection pressure, 200 pounds per square inch.
Chember-air density, 0.076 pounds per cubic foot.
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Fig.1l7 Fuel spray with an air jet impinging at right angles from the right.
Fuel-injection pressure,500 pounds per square inch.
Air-jet injection pressure,500 pounds per square inch.
Chamber-air density,0.076- pounds per cubic foot.

Fig.18 TFuel spray with an air jet impinging at right angles from the right.
Fuel-injection pressure,500 pounds per square inch.
Air-jet injection pressure,500 pounds per square inch.
Chamber-air density,0.076 pounds per cubic foot.
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Fig.19 TFuel and air jets intersecting at right angles. Air jet from the right.
Fuel-injection pressure, 1,000 pounds per square inch -
Air-jet injection pressure, 500 pounds per square inch.
Chember-air density, 1.1 pounds per cubic foot.

Fig.20 Fuel and air jets intersecting at right angles. Air jet moving
away from camera lens.
Fuel-injection pressure, 500 pounds per square inch.
Air-jet injection pressure, 500 pounds per square inch.
Chember-air density, 1.1 pounds per cubic foot.
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