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NATTONAT ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Air Materilel Command, Army Alr Forces
ACCELERATICN CHARACTERISTICS OF R-3350 ENGINE
EQUIPPED WITH NACA INJECTION IMPELLER

By Robert 0, Hickel and William E. Snider

SUMMARY

Qualitative Investigatlions have shown that use of the NACA injec-
tlon impeller with the R-3350C engine increases the inertis of the
fuol-injection system and, when the fusel-metering systonm is
used, this increase in inertia resulte in poor engine acceleration
characteristicas. This investigatlon was therefore undertaken to
determine whether satisfactory acceleratlion characterisiics of the
engine equipped wilth the injection impoller could be obtained by
elmple modifications to the fuel-motering system. The engine was
operated with two types of carburetor; nsmely, 'a hydraulic-metering
carburetor lncorporating a vacuum-operated accelerating pump and &
dircct-metering carburetor having a throttle-actusted acceloxrating
pump. ' -

The vacuum-operated accelerating pump of the hydraullc-metering
carburetor was modified to produce satisfactory accelerations by
supplenenting the standard alr chamber with an additional 75-cublc-
centimeter alr chamber and by decreasing the strength of the primary
spring. -

The throttle-actuasted accelerating pump of the direct-metering
carburetor was modified to produce sabisfactory accelerations by
replacing the standsrd 0.028-inch-diameter bleed in the load-
compensator balance line with a smaller bleed of 0,0225-inch diameter.

The results of thle investigation indlcated that both cerburetors
can be essily modified to produce satisgfactory acceleration charactver-
igtics of the engine and no definlte cholce between the types of
carburetor and accelerating pump can be made. TUss of the dirsct-
metering carburetor, however, probably resulted in better fuel
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distribution to the cylinders during the acceleratlon periocd and
reduced the hackfire hazard because all the fuel is Introduced through
the injection impeller.

IRTRODUCTION

A% the request of the Alr Materlel Cormand, Army Alr Forces, a
general investigation of methods for ilmproving the cooling character-
igtice of the R-3350 engine has been conducted at the NACA Cleveland
laboratory. Use of ths NACA Injection impeller improves the mlxture
distribution and conseguently the temporature dlstributicon of the
engine (reference 1).

In the investlgation reported In reference 1, the injoction
impeller, when used with the standard fuel-metering systom, gave poor
ongine accelergtion characteristics, but satlsfactory acceleration
was obtained by doubling the volume of the accelerating-pump alr
-chamber of the Ceco 58 CPB-Z carburetor that wes uveed for that inves-
tigation.  Because the acceleration tests of reference 1 were only
qualitative, more detaliled information was obtained on accelerating-
pump requirements and on methods of injecting the fuel for acceleration
for the ongine equipped with the injection impeller.

When the injection impeller and a Ceco 58 CPB-2 or Ceco 58 (FB-4
carburetor, which are of the hydraulic-metering type and have a
vacuum-operated accolerating pwmp, arse used during steady engine
operation, the fuel is injectod through the impeller; whereas the
additional fuel for scceleration 1s injected at the carburetor bottom
deck. This spray 1s not conducive to rapid evaporation of the fuel
and the 1ncreass In dir pressure at this point, which results from
opening thse throttle, further hinders fuel evaporatlon. Appreclable
amounts of fuel probably wet the walls of the combustion-air nassage
before complete evaporation takes wlace and this wotting introduces
an appreciable time interval before additional fuel roaches the cyl-
inders., This time lag adversely affects the acceleration character~-
igtics of the engino. Whon the standard nozzle bar ls uecd, thie
time ilnterval is not so pronounced bocause the combustion-air passage
dovnstream of the carburetor is already filled with a fuol-alr mixture
and the surrounding walls havoe beon wettod with fuel.

When the engine uses the injection impeller ard the Coco 58 CPB-3X
carburctor, which 1is of the dilrect motering type and has a throttle-

actuated accolarating pump, both tho fuel for steady enginn oporation o

and the additional fuel for acceleratlion are injectod through the
impeller. The rosistance to fuel flow through the fuel-trensfor lines
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and the nczzle ring of the injection impeller is greater than that
for nozzle-bar injection. This increased resistance tends to increase
the inherent lag in the fuel-metering system and adversely affects the
acceleration characteristics of the engine.

The results of an investigation of the accelsrating character-
igtics of a standerd R-3350-23 engine and of the R-3350-23 engine
Incorporating an injection Impeller with two different types of
carburetor are presented. The stendard engine has a Ceco 58 CPB-4
hydreullc-metering carburetor and the fuel is injected through a stand-~
ard nozzle bar. This fuel-metering system, configuration A, was
investigated to supply a criterion for evaluating the acceleration
characteristics of the engins with the Injectiion impeller. Config-
uration B consisted of an R-3350-23 engire with an injectlon impeller
and a Ceco 58 CPB-4 carburetor; configuration C consisted of the same
englne end impeller with & Ceco 53 CPB-3X direct-metering carburetor.
tlodifications were made to the ascoslerating pumps of the carburetors
of configurations B and C untll the englne exhibited acceleration
characteristics comparable with those of configuration A.

Accelerations from initial engine epeeds between 600 and 1800 rpm
wore investigated; the time required to open the throttle to the wide~
open position wes varied from 2/3 to 12 seconds for easch Inltisl
engine speed. The results are prescnted as curves of engine speed
acainst time.

FUEL-METERTNG AND INJECTION SYSTEMS

Configuration A. - In this configuration a standard fuel-injection
and metering system was used. The fuel was injected at ths carburetor
bottom deck through a standard nozzle bar and the fuel was metered by
e sbtendard Ceco 58 CPB~4 carburetor. This carburotor is of the
hydraulic-metering type and has a vacuum-operated accelersting pump.

A schematic dilagram of the accslerating pump is shown in figure 1.
The accelersting pump is operated by a differential pressure scross
the alr dlaphrsgm. As the throttles are opened, the air pressure
downatream of the throttles 1s increased, which causes a pressure
rise in the accelerating-pump pressure passage.  The flow resistance
of the fixed bleod betwoen the pressure passage and tko sair chamber
causeg & prossure differential acroes the air dlaphragu for an appre-
clable length of time. Whon the pressure differential across the
diaphragm is great enough to overcome tho force of the primary spring,
the pump valve opens and the fuel at fuel-pump pressure sprays into
the combustion air from the pumo nozzle immediatoly upstream of the
throttles. The secondary spring docs not becomeo effective until the
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valve hag opened slightly. For a given set of primary and secondary
eprings, the magnitude of the perasure differentlsl across the air
diephregm determines the length of travel of the valve and consequently
the Tuel flow. The duration of the fuel diascharge is controlled by the
durabtlon of the pressure differential acroas the air dilaphregm, which
depends principally upon the bleed size and air-chgmber volume. With
this tyve of accelerating pump, the extra fuel supplied during the
acceleration pericd completely bypasses the carburetor fuel-metering
system and enters the combustion ailr independently of the fusl suppliled
for normal englne operstion.

Configuration B. - This configuration of the fuel-injection and
fuel-metering system consisted of an NACA injection impeller (fig. 2)
and & Ceco 58 CPB-4 carburetor. A complete description of this
impeller and the fugl-tranasfer system 1s glven 1n reference 1. A4As in
configuration A, the additlional fuel supplied during the acceleration
periocd was introduced into the combustion air immediately upstream of
the carburetor throttles. The fuel for normal engine operation was
injected through the injection impeller.

The modifications tao this configuration to improve the acceler-
ation characterietice congisted in decreasing the strength of the
primsry spring of the carburetor accelerating pump and of Increasing
the volume of the aiy chamber. The astandard bleed between the pressure
passage and tho alr chamber is so small that any reduction in eize
would induce clogging, }

Conf'iguration C. - This comflguration incorporated the NACA
injection impeller and a direct-metering Ceco 58 CFB-3X carburetor,
wiich has a throttle-actuated accelerating pump. A schematic diagram
cof the component parts of the accelerating-pump system is shown in
figure 3. As the throttle is opened, the accelerating-pump piston,
which is actuated by the throttle linkage, displaces a smell amount
of fuel and thus Increages the fuel pressure in the load-competisator
balance line. This Increase in uressure is transmitted to the load-
compensator chamber of the pressure regulator and results in an
unbalanced force upon the metering diaphragme. This unbalanced force
increages the opening of the pressure-regulator valve and permlts
more fuel to flow through the pressure regulator to the engine. The
ariount and the duration of the unbalance resulting from the movement
«f the accelerating-pump piston is controlled primarily by fixed
bleed A (fig. 3).

With this type of carburetor, the fuel requirsd for noimal engine
operetion and the additional fuel supplied during the accelaration
pericd are &ischarged through the same system. Modifications to this
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configuration congisted in reducing the bleed diametexr, which resulted
in g greater unbalance of the pressure regulator for a longer period
of time and in a greater quantlty of fuel for the acceleration period.

APPARATUS

Setup. - This investigation wae conducted on an R-3350-23 engine
that was fitted with a ring cowling and installed in a test cell, as
shown in flgure 4. The englne power was absorbed by a four-blads
propeller, 16 feet and 7 inches in diameter. Cooling air was drawn
across the englne by a controllable suction system. The combustion-
alr system automatically maintalned the carburetor-deck temperature
at 100° £5° F. Tach cylinder exhausted directly to the atmosphere
through individual stub stacks.

Instrumentation. - The instruments used to determine the acceler-
ation psrformance of the engine were mounted on a pansl in ordexr that
all pertinent readings could be simultaneously photographed by a
motion-picture cemera. Values of engins epeed aud time were indicated
by a chronometrlic tachometer. The throttle angle was determined by
an electric posiltlon indicator that vma calibrated to indicate ths
throttle angle directly in degrees. Backfiring of the engine was
audibly detected by an observer in the control room who operated a
manual nmicroswitch controlling the backfirs-indicating light, which
indicated backfire on the instrument panel.

Throttle and mixture were manually controlled hy the engine
operator. An additicnal chronometric tachometer mounted in front of
the engine operator was wired in parallel and syncronized with the
tachometer used to determine the acceleration characteristics of the
englne, With this arrangement, the engine operator could correctly
regulate the rate of throttle opening by observing the electric timer
of the chronometric tachometer. Other engine controls and instru-
mentation were of conventional design and operetion.

OPERATING PROCEDURE

The acceleration characteristics of the standard R-3350 engins
(configuration A) were determined to form e basis for evaluating the
acceleration charachteristiocs of thie engine with the injection impeller
and a Ceco 58 CPB-4 or Ceco 58 CPB-3X carburetor. Beforse the englns
acceleration was investigated, both carburetors were tested in an sir
box and adjusted to meter fuel within the limits specified by the
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ongine manufacturer. The gccelerating pumpe were glsc tesgted and
ad Justed to meter fuel in the proper amounts for acceleration.
Investigations of configuration A were made from initial engine
speods of 600, 900, 1200, 1500, and 1800 rpm. At each initial
mrngine speed, the throttle was smoothly opened to the full-open
pesition in times of 2/3, 2, 4, snd 6 seconds.

In the investigation of configuraetion B, the acceleration char-
acteriatlcs with each modification to the accelerating pump of the
carburetor were sevaluated by visual observation. If the modification
seened satiefactory, additional runs wers made during which motion
pletires were taken of the accsleration instrument pansl. The
investigation of this configuration covered the same initlal speeds
and rates of throttle. opening as for conflguration A. In addition,
rung were made for a throttle-opening time of 12 seconds from those
inltial speeds that exhibited hesitvatlon or backfiring.

The Iinvestigation of configurgtion C was similar to that »f con-
figuration B and covered the same range of conditions. These studles
thue covered a range of accelerations from "snap" throtile cpening
(2/3 mec) to extremely slow throtile opening (12 sec) from low 1dling
speed (600 rpm) to engline speed used for landing approaches (1900 rpm).

Representative curves ehowing throttle poslition sgainst time for
three different rates of throttle opening are shown in figure 5. .The
variations of ‘the actual throttle angles from those for a uniform rate
of throttle opening are very small. The acceleration characteristics
obtained therefore represent a uniform rate of throttle opening.

For all operation, the propeller was set in low pitch (21 ) and
he mropeller governor was adjusted to mainteln a maximum engine speed
of 2400.rpm. With these propeller and governor setlings, the propeller
remained in fixed pltch and the governor was lnoperative until the
engine speed approached 2400 rpm. This arrangement resulted in a
relation of ehgine speed and powor that closely followod the propeller-
load curve for the engine up to a speed of about 2400 rpm. Throughout
whis investigation, AN-F-28 fuel was usod.

RESULTS AND DISCUSSION
Standard Engine
The results with the standard R-3350 engine (configuration A) are

ghovn in figure 6 as curves of sngino speed agalnst time. A%t snap
throttle openling (2/5 sec from 1dling to yide-oven throttle position)
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the engine backfired and the engine apeed decresased when the accsl-
eration began from engine speeds between 600 and 1200 rpm. The
decrease 1n engine speed after each backflre was about 90 rpm. The
total time required to change the engine aspeed from 800 to 2400 rpm
was approximatsly four times that obitained by the manufacturer. The
comparatively long period of time requlred for the present tests is
attributed to the fact that the engine pistons not only hed to supply
the torque for accelerating the engine and propeller but also had to
supply the torque necessary to overcome the large serodynamic forces
of the propeller set in low pltch. When the time for opening the
throttle was increased to 2 seconds, backfiring occurred only when
the acceleration began at an engine speed of 600 rpm. The loss in
engine speed after backflring was about 130 rpm. For other combi=-
nations of rate of throttle opening and 1lnitial engine speed, the
operational characteristics durlng acceleration were excellent.
Accelerations from engine epeeds of 1200 rpm or less at relatively
rapid rates of throttle opening are quite severe and are unlikely to
be encountered in normal engine operation. Inasmuch as this engine-
carburetor combination is used in service, the accelsration character-
istice were assumed to be matlsefactory for service use and were used
as a basis of evaluating the accelsration performance of the englne
with the iInjection impeller.

Engine with NACA Injection Impeller
and Ceco 58 CPB-4 Carburetor

The accelergtion characteristics of the englne equlpped wlth
the NACA injectlon impeller and a standard Ceco 58 CPB-4 hydraulic-
metering carburetor (configuration B) were poor. Visual observation
showed that all accelerations from engine speeds less than 1800 rpm
at rates of throttle opening faster than 12 seconds were unsatisfac-
tory. Conslderable hesitation of the engine speed usually followed by
backfiring and loss of engine speed, which resulted from a definlte
leaning of the fuel-ailr mixture as the throtile was opened, was cobserved.

The vacuum-operated accelerating pump of this carburetor was
modified in several steps to determine an approximately optimum
modification for satisfactory acceleration of the engine incorporating
the injection impellsr. TFirst, the alr chamber was enlarged to Increase
the duratlion of accelerating-fuel delivery and, second, the primary-
spring tension was decreased to obtaln the necegsary initial rate of
fuel flow. The third modification consisted of a combination of an
Increased air-chamber capaclty and s decreased primary-spring tension.
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The volume of the alr chamber was increased about 120 percent by
the addition of a 75-cubic-centimeter well {fig. 7). An increase in
the volume of the alr chamber incresses the time required for the
pressure in the chamber to become equel to the pressure downstreasm of
the throttle when the throttle 1s opened. The increase results in
increasing the length of time durlng which fuel 1s injected by the
accelerating pump. Visual obgervation of the acceleratlon character-
istics with this modification Indicated that the duratiocn of the
accelerating fuel dilscharge was approximately correct but that the
initlal rate of fuel discharge was inadeguate.

The additlional air chamber was then yemoved and the primary-spring
tension was altered to detexrmine the requirements for initlal rate of
fuel discharge. Attempte to shim the epring housing gave insufficlent
change in spring tenslon to affect the acceleratlon cherscteristics of
the engine. -A primary spring with & working length of 1.06 inches
under a Z-pound load was then installed in place of the standard spring,
which has the same length under a lcad of 2 pounds, 6 ounces. This
modification produced good acceleration characteristice at the initial
part of thé acceleration period, but the duration of the accelerating
fuel dlacharge was not adequate to provide smooth acceleration to full
engline speed. : o

The results wlith the combination of- & weaker primary spring and s
75=cublc-centimeter Increase in gir-chamber volume were photographed.
The curves of englne speed againgt time (fig. 8) indicate adequate
inltlal accelerating fuel discharge and adequate duration of accel-
erating fuel discharge. No backfiring was encountered when the throttle
was opened in 2/3 or 2 seconds. In this respect the acceleration char-
acveristics with the modified carburetor and injection Impeller were
botter than with the standard carburetor and the nozzle bar. When the
throttle was opened in 4 and 6 seconds from an engine speed of 600 rpm,
the engine hesitated for about 3. seconds before starting continuous
acceleration. When the acceleration began at an engine speed of
900 rpm and the throttle was opened in 6 seconds, the engine accelerated
satisfactorlily up to an-engine speed of 1460 rpm, then backfired with
a loss in engine speed of 150 rpm before final acceleration began.

When the throttle wae opensd slowly (12 sec to reach the wide-
open position) the acceleration characteristics were poor from Initigl
englne speeds of 600, 900, and 1200 rpm. When the acceleration started
from an engine speed of 600 rpm, the engine speed hesitated betwsen
600 and 70C rpm for about 5 seconds before accelerating. Accelerations
from these low inltial spesds le a more severe requirement than sexvice
condltions Impose and 1ls therefore not considered critical. Black
smoke from the engine exhaust indicated that this hesitation was caused
by an over-rich fusl-air mixture. When the acceleration began from an

-
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engine speed of 800 rpm, consldersble backfiring and fluctuation in
engine speed occurred for almost 7 seconds; then acceleration was
smooth and rapid. From an initial engine epeed of 1200 rpm, the engine
accelerated to about 1400 rpm, backfired and lost engine speed, and
then accelerated satisfactorlily. Accelerations from englne speeds of
1500 rpm and above wers satisfactory.

The quantities of fuel metered by the modifled pump are compared
with the valueg recommended by the carburetor manufecturer for the
standard pump in figure 9. The modified pump delivers two and one-
half to three times as much fuel as the standard pump.

Tests were also made with the 75-cubic-centlmeter air chamber
replaced with one having a volume of 200 cublc centimeters, but this
modification showed that further increase in alr-chamber volume gave
no improvement in acceleration characteristics over those obtalned
with the addition of 75 cublic centimeters to the air-chamber volume.

Engine with NACA Injsction Impellex

and Ceco 58 CPB-3X Carburetor

Results of acceleration tests of the englne with the NACA injec-
tion impeller and a standard Ceco 58 CFB-3X direct-metering carburetor
(configuration G) are presented in figure 10. Because the Ceco
58 CPB-3X carburetor discharges the fuel for normal engine operation
and the additlonal fuel required for acceleration through the same
gystem, this carburetor was eXpecied to provide better acceleratlon
characteristics when used with the 1njection impeller than d1ld the
Ceco 58 CPB-4 carburetor. 1In general, however, the acceleration char-
acteristics were unsatisfactory when acceleration started at engine
speeds below 1500 rpm at rates of throttle opening between 2/3 and
6 seconds. Conslderable backfiring and loss of engins speed resulted
from excessively lean mixtures. In most Instances of backfiring and
loss of engine speed, steady acceleration did not take place for 2 to
4 seconds. At a slow rate of throttle opening (12 sec), the engine
speed hesltated for about 4 seconds before beginning to accelerate
from 600 rpm. All other accelerations wers aatisfaotory at this rate
of throttle opening.

The bleed in the loasd-compensator balance line (bleed A, fig. 4)
was decreased 1n elze to provide a higher initial rate of fuel dias-
charge that would eliminate the lesn operation during the early part
of the accelseration period. The first modification was to replace the
gtandard 0.028-inch-dlameter bleed with a bleed of 0.020-inch diamster.
This modification caused apprecisble flooding of the engine at all
fast rates of throttle opening. The excessive leanness resulting in
backfiring was eliminated at the slower rates of throttle opening.
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A Dbleed of 0.0225-inch diameter was then insetalled in the load- - *
compensator balance line and the results of these acceleration inves-
tigations are showan In figure 11.

I

il

The results obtained with the 0.0225-inch-diameter bleed compared
favorably wilth those for the standaxrd engins. At snap throttle opening
f'rom engine speeds of 600 and 1200 rpm, the engine accelerated slightly
and then lost engine aspsed before finally accelerating uniformly. This
loss iIn engifie spesd resulted from a slight leaning of the fual-alr
mixture; the leaning, however, was not severe snough to cause back- _
firing. When the thrattle was opened in 2 seconds, unsatisfactory
acceleration chasracteristics were caused by lean operation when asccel-
eration started from engine speeds of 600 and 900 rpm. Backfiring
occurred during the acceleration from an engine speed of 900 rpm.

R

For rates of throttle opening of 4, 6, and 12 seconds, the accel- i
eration characterlstics wers satisfactory except from an initial engine
spesd of 600 rpm. At this initial speed the engine speed usually -
increased slightly and then decreased 120 to 240 rpm before acceler-
ating steadily. WNo backfiring was encountsred at these condltions.

Concluding Remarks

Both carburetors, when modified, gave equally good acceleratlon
characteristics when used wilth the injectlon impeller; however, the
Ceco 58 CPB-3X carburetor probably gave better fuel distribution to
the cylinders during the acceleratlon period because all the fuel 1is
introduced through the inJjection impeller. Use of this carburetor
also eliminated the presence of fuel in the combustivn-alr passage
between the carburetor and the impeller and thus reduced the hazard
of backfliring in this portlion of the combustlon-alr system. As -
excellent performsnce. could.be obtained for the higher rates of
acceleration, further improvement can undoubtedly be obtalned by more
oxtenaive investigations of the optimum primary -8pring tenetions and
alr-chamber capacities for the Ceco 58 CPB-4 carburétor and of the
fixed-bleed diameter for the Ceco 58 CPB-3X carburetor. though con- —_—
gldereble backfiring occurred throughout the tests with both carburetors,
none of the backfiring caused damage to the engins or combustion-air
ducts.

SUMMARY OF RESULTS

An investigation of the acceleration of an R-3350 sngine equipped .
with an NACA injection impeller and two different types of carburetor
praduced the following resulta:
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1. Both the Ceco 58 CPB-4 hydraulic-metering carburetor, which
had a vacuum-operated accelerating pump, and the Ceco 58 CPB-3X
direct-metering carburetor, which hed a throttle-asctuated accel-
erating pump, were easily modified to produce generally satlisfactory
acceleration characteristics when used with an NACA injection impeller.

2. The vacuum-operated accelerating pump of the Ceco 58 CFB-4
carburetor was modified by the addition of 75 cubic centimeters to
the alr-chamber volume and by a reductlon in strength of the primary
spring to produce excellent acceleration characteristics at rapid
throttle openings (2/3 and 2 sec) and satisfactory acceleration
characteristics at slower throttle openings, except at the slowest
throttle opening from engine speeds bdlow 1200 rpm.

3. The throttls-actuated accelerating pump of the Ceco 58 CPB-3X
carburetor was modified to produce satisfactory asccelerations by
replacing the standard 0.028-inch-dismeter bleed in the load-compensator
balance line with a smaller bleed of 0.0225-inch diameter.
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