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SOME CHARACTERISTICS OF SPRAYS OBTAINED FROM
PINTLE-TYPE INJECTION NOZZLES

By E. T. Marsh and C. D. Waldron
SUMMARY

This report presents the results of tests made with
two pintle-~-type injection nozzles, one having a pintle
angle of 89, the other a pintle angle of 30°. The fuel
was injected into a glass-windowed pressure chamber and
the spray photographed by means of the N.A.C.A. spray-
photography apparatus.

Curves are presented that give the penetration of the
spray tips when fuel o0il is injected by pressures of 1,500
to 4,000 pounds per square inch into air at room tempera-
ture and densities of 11 to 18 atmospheres. High-speed
spark photographs show the appearance of the sprays in air
at a density of 18 atmospheres. The results indicate that
the pintle angles have little effect on the size of the
spray cone angle, which is about the same as that of sprays
from plain round-hole orifices. The penetration of the
spray from the nozzle with an 8° pintle is slightly higher
than that of the spray from the nozzle with the 30° pintle.
The penetration of the sprays from the pintle nozzles, for
comparable conditions of injection pressure and air density,
is about the same as that of sprays from plain round-hole
orifices. Increase in air density decreases the penetra-
tion in about the same ratio with all the injection pres-
sures.

INTRODUCTION

Previous N.A.C.A, publications have given the charac-
teristics of sprays obtained from nozzles having plain
round-hole orifices of various sizes and various length-
diameter ratios (references 1 - 10), from centrifugal-type
nozzles having round-hole orifices of different sizes and
used with valve stewms having different helix angles (ref-
erences 6 and 11), from an annular-orifice nozzle (refer-
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ence 12), and from an impinging-jet nozzle (reference 13).
In order to make the available information as complete as

possible, the results of tests made to determine the char-
acteristics of sprays obtained from pintle-type injection

nozzles are here presented.

The photographs obtained show the spray appearances
and from these photographs the penetration for two differ-
ent pintle nozzles was obtained when using injection pres-
sures of 1,500 to 4,000 pounds per square inch and valve-
opening pressures of 600 to 3,600 pounds per square inch,
and injecting into air at densities of 11 to 18 atmospheres
and at room temperatures As explained in reference 5, the
density and not the pressure of the air controls the pene-
tration of sprays. Although the Committee completed the
experimental part of these tests in 1930, the urgency of
other work has delayed publication until the present time.

APPARATUS AND METHODS

The spray photographs were taken with the N.A.C.A.
spray-photography apparatus described in reference 4.
(See fig. 1) The apparatus consists of an air-tight
chamber with glass windows into which the fuel is inject-
ed, a high-speed camera containing a film moving 2,000
inches per second, and a spark gap across which a series
of sparks jump at rates from 2,000 to 4,000 per second in-
side a reflector focused on the spray chamber. Each spark
gives an instantaneous photograph of the spray and succes-
sive photographs show its development.

The pintle-type injection valve and nozzles were
standard commercial products. The nozzle shown in figure
2 was designed to have a spray dispersion angle of #0%
This nozzle had a tapered pintle with a2 maximum diameter
of 04059 inch and had an orifice whose projected area was
0.000325 sguare inch with the stem seated and 0.000683
square inch with the stem lifted for injecting. The sec-
ond nozzle was similar to the first one but, by making the
pintle angle 8° jnstead of 20°, this nozzle was designed
to give a spray dispersion angle of 8°. This nozzle had
a pintle with a meximnp diameter of 0.039 inch and had an
orifice whose projected area was 0.000357 square inch with
the stem seated and 0.000843 square inch with the stem
lifted for injecting.
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The steel injection tube was 50 inches long and had
inside and outside diameters of 1/8 and 1/4 inch. The
fuel o0il had a specific gravity of 0.83 and a viscosity
of 0.02 poise at 100° F.

The values of spray-tip penetration were obtained by
measuring the heights of the spray images sand were plotted
agoinst the measured time after the start of the spray.

The start of the spray was taken as the point at which a
smooth curve drawn through the tips of the spray images
intersected a line drawn through the bases of the spray
images. Because of their being recessed slightly into the
chamber walls the nozzles are not visible in the photographs.

TEST RESULTS AND DISCUSSION

Nozzle with 8° pintle.- Figure 3 shows the appearance
of the spray obtained from the nozzle with the 8° pintle
when injected by a pressure of 1,500 pounds per square inch
into air at a density of 18 atmospheres and at room tempera-
ture. This spray was similar to sprays obiained from plain
round-hole orifices, although there were some slight differ-
ences. Sprays from plain round-hole orifices usually have
smaller cross sections near the nozzles. Also, the spray
from the pintle nozzlc had a smaller cone angle than sprays
from plain round-hole orifices during the early period of
injection, but after the spray became fully developed there
was little difference in cone angle. Although the spray-
had the appearance of bteing well atomized, no definite con-
clusions can be drawn about the atomization of a fuel spray
from its external appearance.

Figure 4 shows, plotted against time, the distance
the tip of the spray from the 8° pintle nozzle penetrated
in the dense air at room temperature when the injection
pressure was 1,500 pounds per square inch . and the valve-
opening pressure 600 pounds per -quare inch. The curves
show that the spray penetrated 5 inches in 0.0025 second
when injected into air at a density of 11.2 atrmospheres,
wheres it penetrated only 3.3 inches in the same time when
injected into air at a density of 18 atmospheres.

Figures 4 to 7 show that as the injection pressure
was increased the penetration in a given time steadily in-
creased until with an injection pressure of 4,000 pounds
per square inch the spray traveled a given distaunce from
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the nozzle in about one half the time required with an in-
jection pressure of 1,500 pounds per square inch. The in-
crease in penetration also was due partly to the increase
in valve opening pressure for, as shown in reference 1l4.
penetration increases with increase in valve opening pres-
sure as long as the valve cpening pressure is not greater
than the injection pressure. These figures also show that
increasing the chamber-air density decreased the penetra-
tion in about the same ratio with all the injection prres-
sures. The appearance of the spray changed little with in-
crease in injection pressure, but the cone angle increased
slightly.

Nozzle with 30° pintle.- Figure 8 shows that the
sprays from the 30° pintle nozzle had an appearance simi-
lar to that of sprays from the 8° pintle nozzle. The
bulging at the tip of the spray was due to some peculiar-
ity of this injection, for other pictures of sprays from
this nozzle did nnt have bulging t4ips. This photograph
had to be used for publication because the other photo-
graphs either were not gocod for reproduction or the photo-
graphs of the spray from the 8° nozzle taken under corre-
sponding conditions were not good. Figures 9 to 12 show
the penetration obtained with the 30° pintle nozzle under
the same conditions that were used in testing the nozzle
with an 8° pintle. TFor corresponding conditions, the pen-
etration was slightly less with the 30° pintle nozzle.

The density of the air seemed, however, to have less eof-
fect on the penetration when using this nozzle. These
figures show that an increase in the chamber air density
decreased the penetration in about the same ratio with
each of the injection pressures used. In figure 10 part
of the penetration curve for an air density cf 11.2 atmos-
pheres lies below that for a density of 14.6 atmospheres.
This fact should not be taken as a disproof of the above
statement concerning the effect of air density on spray
penetration, but should be attributed to some experimen-
tal variation. The pintle nozzles used in this work are
no longer available, so that the usual procedurse in such
cases of obtaining check data cannot be followed.

CONCLUSIONS

The data presented show that:

L fThe i cone ahgles of sprays from nozzles having pin-
tle angles of 8° and 30° are different during the early
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part of their injection periods but are approximately the
same during the later stages, and are approximately the
same as the cone angle of sprays from plain round-hole or-
ifices.

2. The penetration per unit of time of sprays from
the 80 pintle nozzle is slightly higher than that of
sprays from the 30° pintle nozzle, and is about the same
as that of sprays from plain round-hole nozzles.

3. Increasing chamber density decreases the penetra-
tion of sprays from pintle nozzles in about the same ratio
for both high and low injection pressures.

Langley Memorial auronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 5,:1933.

REFERENCES

1. Miller, Harold E., and Beardsley, Edward G.: Spray
Penetration with a Simple Fuel Injection Nozzle.
T.R. No. 222, N.A.C.A., 1926.

2. Joachim, W. F.: Zn investigation of the Coefficient
of Discharge of Liquids through Small Round Ori-
ficwh. TiR: No. 224, N.H:0:4 ., ;1936.

3. Beardsley, E. G.: Some Factors Affecting the Repro-
ducibility of Penetration and the Cut-0ff of 0il
Sprays for Fuel Injection Engines. T.R. No. 258,
Nl C. A2 92% 5

4. Beardsley, Edward G.: The N.A.C.A. Photographic Ap-
paratus for Studying Fuel Sprays from O il Engine
Injection Valves and Test Results from Several Re-
geepehes. T.RB. No. 274, N.A.0.&., 292%.

5. Joachim, W. F.; and Beardsley, Edward G.: The Effects
of Fuel and Cylinder Gas Densities on the Charac-
teristics of Fuel Sprays for 0il Engines. T.,R. No.
o, W.AC.A,., L98%.




6 N.A.C.A. Tecknical Note No. 465

6 GalallEay Ry, Effect of Orifice Length-Diameter
Ratio on Spray Characteristics. T.N. No. 352,
Nl v "19380%

7, Gelalles, A, G.: Coefficients of Discharge cf Fuel
Injection Nozzles for Compression-Ignition Engines.
T, Rt NG 202 willinlviCoailisigliaisil -

8. Gelalles, A:. G.: EBffect of Orifice Length-Diameter
Ratio on Fuel Sprays for Compression-Ignition En-
gihes . 4. Re No. 408, N.4:C.hy; 1931,

9. Lee, Dana W.: The Effect of Nozzle Design and Oper-
ating Conditions on the Atomization and Distribu-
tion of Fuel Sprays. T.R. No. 425, N.A.C.A., 1932.

10. Lee, Dana W.: Experiments on the Distribution of
Fuel in Fuel Sprays. T.R. No. 438, N.A.C.A., 1932.

11. Joachim, W. F.; and Beardsley, E. G.: TFactors in
the Design of Centrifugal Type Injection Valves
for 0il Engines. T.R. No. 268, N.A.C.A., 1927.

12. Joachim, William F.; Hicks, Chester W.; and Foster,
Hampton H.: The Design and Development of an Auto-
matic Injection Valve with an Annular Orifice of
Varying Area. T.R. No. 341, N.A.C.A., 1930.

13. Spanogle, J.A., and Hemmeter, -G. T.: Development of
an Impinging-Jet Fuel-Injection Valve Nozzle. . N
No. 372, N.A.C.A., 1931.

14. Rothrock, 4. M., and Marsh, E. T.: The Bffect of
Injection-Valve Opening Pressure on Spray-Tip Pene-
tration. T.N. No. 384, N.A.C.A., 1931.




Compressed air tank
for spray chamber

0il pump

Spray chamber

Reflector

e
Tachometer
s

] =
Film Lens i
Lens [| |
Injection
valv
| Motor |2 e
g

Injection tube
residual pressure

control valve =T o
0il pres<
sure tank Matox

é‘* 7 0il

== T 5

\JT/\Fcut- off
valve

obll olm | Timing

B
/ -

Clutch
Trip lever !

Spark gap

| strainer
Spray

valve

o [*]
Starting switcLhA—/ i

Figure 1.~ Diagrammatic arrangement of spray-photography apparatus

=

Wire screen, grounded .,

Spark

distri-
buter
switch

qf‘]; Motor

g

o] el

Bank of 25
condensers

G9% °ON 930N TEPTUYOSf °V°D°V°N




N.A.C.A. Technical Kote No. 465 Pig. 2

/ g~ " g 4

L 300'\5\

Figure 2.- Sketch of the mnozgzle with Z0° pintle.
Pintle diameter, 0.059 inch.
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Figure 6.-Penetration of spray tip from nozzle
with an 8° pintle, injection pressure
3000 1b./sq. in., valve-opening pressure
2600 1b./sq. in.
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Jection pressure 4000 1b./sq. in., valve-
ovening pressure 3600 1b./sq. in.
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Figure 9.-Penetration of spray tip from nozzle
with a 30° pintle, injection pressure
1500 1b./sg. in.,valve-ovening pressure
600 1b./sq. in.
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2600 "1b./sq. in.

Time, second

Figure 12.-Penetration of spray tip from
nozzle with a 309 pintle, in-
jection pressure 4000 1lb./sq. in., valve-

opening pressure 3600 1b./sq. in.
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