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SUMMARY

In order to prevent the formation of refrigeration icing in
the induction system of an aircraft engine, several modifications
to the spray nozzle were designed and tested, The modifications
varied from a revised pintle to actual chenges in the point of
fuel injection without a basic alteration of the standard spray
nozzle, Prevention of refrigeration icing in the carburetor and
inlet elbow was achieved when the fuel spray was completely re-
moved from the inlet~elbow passage and injected directly into the
supercharger inlet through orifices in or attached to the rotating
inpeller. Two fuel-injection systems, a spinner tyve and a drilled-~
inducer type, that satisfactorily orevent the formation of refrigera-
tion icing in the inducticn system were develoned.

INTRODUCTION

At the request of the Air Technical Service Command, Army Air
Forces, extensive icing and de-icing tests (references 3, 2, 3% #&nd
4) were made during 19Ul at the NACA Cleveland labvoratory on a twin-
barrel injection carburetor and engine-stage supercharger assembly
used on a fighter airplane, The results of these tests indicated
that most of the serious icing,which occurred on the carburetor
throttle plates and in the supercharzer inlet elbow,was of the re-

' frigeration type caused by the cooling effect of the evaooration of

fuel introduced into the air stream.
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Serious refrigeration icing, particularly at low-power condi-
tions, occurred for such a wide range ¢f inlet-air cenditicns that
research was undertaken to devise a simple modificetion tr the fuel-
injection system, which might prevent this type of icing. Several
modifications were developed, none of which altered tho basic design
of the fuel nozzle, It was hoped that a simple design such as a
straight tube might carry the fuel spray across the supercharger
inlet passage tc the impeller entrance and prevent the recirculatory
action that allowed time for the fuel to vaporize and cocl the metal
parts upstream,

One method of injecting fuel from rotating crifices at the
entrance to the supercharger has been shown (PWA-342, Jan, - Oct.
1941) to be effective in preventing refrigeration icing. Reference
5 reports another methcd c¢f injecting fuel through holes drilled in
the impeller of a double~row radial aircraft engine, which improved
engine cocling through better fuel distribution, and alsc anticipates
the elimination of refrigeration icing,

The purpose of the investigation reported herein was the devel-
opment of a simple meth>d cf preventing fuel recirculaticn and ccnse-
quent refrigeration icing.

APPARATUS AND TESTS

The apoaratus used ¢ conduct tests of the fuel-spray modifica-
tions consisted of the twin-barrel injection carburetor and engine-
stage supercharger assemble, which is described in detail in refer-
ence 6., This apvoaratus was designed and operated to maintain ac-
curate control of fuel and water temperatures, and flow rate, tem-
nerature, humidity, and free-water content of charge air. The car-
buretor was equipped with a special mixture-control plate, which
permitted the fuel-air ratic to be adjusted to any desired value.

The standard fuel-injection nczzle was used in all the tests
reported in reference 1 and produced the fuel sprey shown in fig-
ure 1(a). A fuel spray from a medified nozzle is shcwn in figure
1(v).

The medifications to the fuel-spray nczzle were developed with
the intention of minimizing fuel recirculation in the supercharger
inlet elbow and the lower thrcttle barrels. The modificaticns pro=-
gressed from a simple change in the shape of the pintle head {fi.
1(b)) through more complicated mcdifications including changes in
the location of the nozzle (figs. 2(a) and 2(b)), the use of
straight tubes to convey the fuel across the inlet elbow tc the face
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of the impeller (figs. 2(c) to 2(e)), the use of protective hoods

to direct the fuel spray into the impeller (figs. 2(f) to 2(j)), and
the final modifications incerperating a fuel spinner located on the
impeller shaft (figs, 2(k) to 2(p)).

The details of the spinner-type fuel-injection unit (fig., 2(n))
are shown in figure 3. In this system, fuel passes through the
standard fuel nozzle, the pintle of which has been cropped, and then
through the fuel-transfer tube and spinner. The fuel is discharged
directly from the spinner between each of the impeller vanes at the
face of the impeller,

The details of the drilled-inducer fuel-injection system
(fig. 2(p)) are shown in figure 4, These parts are similar to those
used in the spinner-type system; however, the spinner is smaller in
diameter and fits directly on the impeller shaft. The outlets of
the spinner communicate with drilled passages in the inducer portion
of the supercharger impeller, allcwing the fuel to be discharged be-
tween the blades approximately thirteen-sixteenths inch in from the
impeller face.

Each of the fuel-injection modifications was tested for a min-
imam period of 15 minutes, during which time conditions conducive to
very serious refrigeration icing were simulated. The more success=—
ful fuel-injection systems were extensively tested under a variety
of conditions consisting mainly in variations in air temperature,
free-water content, and throttle angle (power condition). Cbserva-
tions of the results were made through plastic windows installed in
each side of the supercharger inlet elbow,

DISCUSSION

Close observation of the fuel spray through plastic windows in
the supercharger inlet elbow during ovperation with the standard fuel-
spray nozzle showed a recirculation of part of the fuel up to the
carburetor throttle plates. The observed configuration of the fuel
soray for each of three »ower conditions is shown in figure 5.
Especially in the case of a simulated low-power condition during
which the throttles are nearly closed, the recirculatory effect, to-
gether with splashing from the impeller, caused some of the fuel to
pass near the throtvtles. The evaporative cooling action of the fuel
not only reduced the temperature of the metal surfaces but also
sufficiently cooled the air together with the entrained moisture to
bring about condensation and subsequent ice formations on and near
the throttles. In the case of high-power operation, the wide throttle
opening improved the air flow, minimized fuel recirculation, and re-
duced icing,
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Attempts to minimize fuel recirculation sufficiently to pre-
vent refrigeration icing merely by removing part of the pintle head
(fig. 1(b)) to direct the spray further below the throttles or by
dropping the standard nozzle vertically to the impeller center line
(fig. 2{a)) were unsuccessful; the next group of modifications
therefore consisted in moving the fuel outlet across the inlet-
elbow passage closer to the face of the impeller., By the use of
an extended nozzle snd straight tubes (figs. 2(b) to 2(e)) to con-
vey the fuel to the face of the impeller, much of the icing was dre-
vented but not elininated, Metal hoods over the spray to prevent re-
circulation (figs. 2(£f) to 2(j)) were found in every case to te suf-
ficiently cooled to collect large smounts of ice. It became apparent
that cvaporation of the fuel in the inlet elbow should be prevented
if icing were to be avoided,

Further modifications consisted in attaching revolving distrib-
utors to the impeller hub to spray fuel directly into the impeller
entrance in order to avoid splashing and recirculation, The first
rotating device tested (fig, 2(l)) was a simpls slinger ring, which
was found to be so shallow and cpen that it allowed spillage and
splash causing icing in the elbow. Subseguent modifications (figs.
2(1) to 2(p)) were made with large tapered inner cavities to re-
ceive the fuel and, in addition, internal threads were provided at
the svinner entrances to prevent return flow of fuel.

Both the spinner-tyve and the drilled-inducer fuel-injection
systems prevent sericus refrigeraticn icing in the carburetor be-
cause no fuel recirculation can take place and a large part of the
fuel evaporation occurs within the supercharger where the hecating
brought about by adisbatic compressicn vrevents ice formation. £
the incoming carburetor-air temperature is sufficiently low to pre-
vent a rise in temperature above 32° ¥ in the supercharger impeller,
it is known that the total water content in the atmosphere then
would not be high enough to permit appreciable icing,

In order to determine the actual fuel path within the impeller
and the amount of splashback from the impeller blades, high-speed
photogranhs of the rotating members were talken during operation with
the carburetor removed, These photographs, for which the exposure

: ; L : .
time was approximately lE microseconds, are shown in figures 6 and 7,

Yater was used in place cof fuel to insure safe exposed operation.
Various rates of liguid flow corresponding to the fuel flows at
several power conditions were used to check the capacity of the
injection spinners and to insure that the restrictions cauvsed by
the tubes would not upset the carburetor metering at maximum flow,
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Though negligible splashback occurred with either the spinner-
tyoe fuel injection or the drilled-inducer fuel injection, it can
be seen by a comparison of figures 6{a) and 6(b) with 7(a) and
7{b), respectively, that, as the point of fuel injection is moved
farther into the impeller, the possibility of splathback from the
impeller blades is reduced to a minimum,

The spinner used for spinner injection in the maximum and
minimum angzular pesitions relative to the impeller blades is shown
in figure 6(c). The fuel-spray paths in these photographs indicate
the allowable tolerance of installation in order that the fuel out-
lets will not be blocked by the blade roots.

Because the carburetor was equipned with a special mixture
control plate, which allowed the fuel-air ratio to be adjusted to
any desired value, and because no measurements were made at the
fuel discharge pressure, it is not known to what extent the meter-
ing characteristics of a standard carburetor would have been af-
fected by the rotating injection nozzles, Setisfactory metering
was cbtained with no increase in the specified fuel pressure at
the carburetor inlet.

Further tests using the two types of spinner fuel injection
have been made, both on laboratory test stands and in flight, to
determine the full-scale engine operating characteristics.

SU! MARY OF RESULTS

From an investigation of various modificaticns to the fuel-

spray nozzle in a supercharger inlct elbcw used with an injeection-—

type carburetor, the follcewing results were obtained:

1, The occurrence of serious refrigeration icing in the car-

buretor and the supercharger inlet elbow was prevented by completely

removing the fuel spray from the inlet-elbow passage and injecting
the fuel directly intc the supercharger inlet from a discharge
source rotating at supercharger-impeller speed,

2. The transfer of the point of fuel injection was accom-
plished without altering the basic design of the standard fuel-
spray nozzle, The metering characteristics c¢f the carburetor
appeared to be unaffected by the rotating fuel-injection systems,
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3, The spinner-type fuel-injection system and the drilled-
inducer fuel-injection system both satisfactorily prevented the
occurrence of refrigeration icing in the carburetor and in the
supercharger inlet elbow.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio,
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(a) Conventional injection nozzle.

59

NACA
C- 14030
1-14-46

(*br) Filed pintle head.

Figure |I. -~ Fuel sprays from conventional and modi fied
nozzles. Fuel flow, 370 pounds per hcur. Skl
abr.




E-175

NACA MR No. E6A23

(a) Conventional nozzle {(b) Long nozzle extended
lowered to center line toward the impeller
of impelier. from the regular

positiion.

(c) A straight tube ex- (d) A straight tube ex-
tending from the con- tending from the con-
ventional nozzle. ventional nozzle but

flattered on the exit
end.

Figure 2. - Fuel-nozzle modifications.
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(e) A stralght tube ex- tf) The conventional type

tending from the con- nozzle with a new
ventional nozzle, flat- pintle stem incorpora-
tened on the exit end, ting a smaller in-

and bent approximately cluded angle on the
45°, pintle head and using

a 360° protective hood.

{g) Conventional nozzle (h) Long nozzlie extended

with the revised to the impeller from
pintle as in figure the regular position
I(b) using a 15° hood. using a 360° hood.

Figure 2. - Continued. Fuel-nozzle modifications.
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1MCHES

(i) Extended nozzle lowered (j) Stationary shower-head

to center line of im- type spray.
peller using a 360°
hood.

(k) A I5-hole cup-shaped tl) Cone-shaped spinner
spinner placed behind containing |15 drilled
the impeller retaining passages and partly
put. hollowed at the en-

trance.

Eliqure. 2, - Continued. Fuel-nozzle modifications.
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(m) Cone-shaped spinner (n)
containing a large
inner cavity and fit-
ted upon a revised and
threaded impeller nut.

(o) Impel ler-~-inducer in- (p)
Jection using a spin-
nen nut.

A revision of figure
2(m) incorporating in-
ternal threads at the
ent rance of the spinner.

A revision of figure
2(o0) incorporating in=
ternal threads at the
entrance of the spin-
ner.

Figure 2. - Concluded. Fuel-nozzle modi fications.
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flow

Air

(a)

Cross-sectional

Fuel-transfer tube
Cropped pintle
Injection nozzle
Spinner

Drilled inducer

view of installation.

Figure 4, - Drilled-inducer fuel-injection system,
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(a) Air flow, 4600 pounds per hour; fuel-air ratio, 0.080.

Figure 5, - Fuel-spray pattern of Standard injection nozzle
in the supercharger inlet elbow of an aircraft engine.
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(c) Air flow, 7700 pounds per hour; fuel-air ratio, 0.095.

Figure 5, - Concluded, Fuel-spray pattern of Standard injec-
tion nozzle in the supercharger inlet elbow of an aircraft

engine,
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(a) Air flow, 4620 pounds per hour (b) Air flow, 10,300 pounds per hour

corresponding to 60-percent rated corresponding to take-off power;
power; liquid flow, 372 pounds per liquid flow, 1080 pounds per hour
hour corresponding to fuel-air corresponding to fuel-air ratio
ratio of 0.08; impeller speed, of 0.105; impeller speed, 24,300
17,800 rpm. rpm.

Figure 6. - Spray formation from the spinner fuel-injection system.
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4.13.45 ol &
Fuel outlets in retarded position Fuel outlet holes in advanced position
Air flow, 7700 pounds per hour corresponding to full rated power; liquid flow, 630

pounds per hour corresponding to fuel-air ratio of 0.082; impeller speed, 21,000
rpm.

Figure 6. - Concluded. Spray formation from the spinner fuel-injection system.
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Air flow, 4620 pounds per hour (b) Air flow, 11,400 pounds per hour

Corresponding to 60-percent rated corresponding to war emergency

power; liquid flow, 372 pounds power; liquid flow, 1200 pounds

per hour corresponding to fuel-air per hour corresponding to fuel-air.

ratio of 0.08; impeller speed, ratio of 0.105; impeller speed,

17,800 rpm, 24,300 rpm.

Figure 7. - Spray formation from the drilled-inducer fuel-injection system.



