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RESEARCH MEMORANDUM

for the
Air Materiel Command, Arny Air Forces
ACCELERATION CHARACTERTSTICS OF R- 3350 ENGINE
EQUIPPED WITH NACA INJECTION IMPELLER

By Robert 0. Hickel and WIliamE. Snider

SUMMARY

Qual itative investigations have shown that use of the NAGA injec-
tion inmpeller with the R-5350 engine increases the inertia of the
fuel -injection systemand, when the fuel -netering systom iS
used, thie increase i N inertia resulte in poor engine acceleration
cheracteristics. This investigation was therefore undertaken to
determine whet her satisfactory acceleration characteristics of the
engi ne eqU|Pped Wi th the injection impoller coul d be obtai ned by
sinple nodifications to the fuel-metering system. The engine was
operated Wi th two types of carburetor; nanely, 'ahydraulic-metering
carburetor i ncorporating a vacuun}operated accelerating punp and a
direct-metering carburetor having a throttlo-actuated accelorating
pump. )

The vacuum operated accel erating pwap «f the hydraulic-netering
carburetor was modified t o produce satisfactoxy accel eration6 by
supplementing t he standard air chamber with an additional 75-cubic-
centineter air chember and by decreasing the strength of the primary
spring. -

The throttle-actuated accel erating punp of the direct-metering
carburetor was nodified to produce eatisfactory accelerations by
repl aci ng the standard 0.028-inch-diameter bl eed in the load-
conpensator bal ance line with a smaller bl eed of 0.0225-inch diameter.

The results of this investigation indicated that both carburetors
can be easily nodified to produce satisfactory acceleration character-
igtics of the engine and no definite choice between the types of
carburetor and accelerating punp can be made. TUse Of the direct-
metering carburetor, however, probably resulted in better fue
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2 NACA RM No. ESLO3a

distribution to the cylinders during the acceleration period and
reduced the backfire hazard because all the fuel is introduced through
the injection inpeller

IRTRODUCTION

At the request of the Air Materiel Command, Arny Air Forces, a
general investigation of nethods for inproving the cooling character-
istice of the R-3350 engine has been conducted at the NACA Cleveland
| aboratory. Use of the NACA injection inpeller inproves the mxture
di stribution and consequently the temperature distribution of the
engine (reference 1).

In the investigation reported in reference 1, the injection
i npel l er, when used with the standard fuel - neterlng systom, gave poor
ongine accel eration characteristics, but satisfactory acceleration
was obtai ned by doubling the-volunme of the accel erating-punp air
-chamber of the Ceco 59 CPB-2 carburetor that was used for that inves-
tigation: Because the acceleration tests of reference 1 were only
qualitative, nore detail ed information was obtai ned on accelerating-
punp requirenents and on nmethods of injecting the fuel for acceleration
for the engine equipped with the injection inpeller

Wien the injection inpeller and a Ceco 59 CFB-2 or Ceco 59 CPB-4
carburetor, which are of the hydraulic-metering typo and have a
vacuum oper at ed accolerating pump, are used during steady engine
operation, the fuel is i nj ect ed through the impeller; whereas the
additional fuel for acceleration is injected at the carburetor bottom
deck. This spray is not conducive to rapid evaporation of the fue
and the increase in gir pressure at this point, which results from
opening the throttle, further hinders fuel evaporation. Appreciable
amounte of fuel probably wet the walls of the conbustion-air passage
bof oro conpl ete evaporation takes wlace and this wetting introduces
an appreciableo time interval before additional fuel roaches the cyl-
inders. This tine |ag adversely affects the accel eration character=-
igtics of the engino. Whon the standard nozzle bar is usod, this
tine intervel i S not so pronouncod because the conbustion-air passage
downstreamof the carburetor is already filled with a fuol-alr mixture
and the surroundi ng walls havo boon wettod with fuel

When t he engine uses the injection inpeller and t he Ceco 59 CPB-3X
carburotor, Whi ch 1s.of the direct motering type and has a throttle- __
act uat ed a:ccolare.’cing pump, both tho fueTn%or st eady engino oporation
and the additional fuel for acceleration are injectod through the
inpel | er. The roeistance to fuel flow through the fuel-transfor |ines
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and the nozzle ring of the injection impellexr is. greater than that

for nozzle-bar injection. This increased resistance tend6 to Increase
the inherent lag in the fuel-metering systemand adversely affects the
accel erati on characteristice of the engine.

The results of an investigation of the accelerating character-
istics of a standard R-5350-23 engine and of the R-3350-23 engine
I ncorporating an injection impeller Wth two different types of
carburetor are presented. The stendard engi ne has a Ceco 59 CPB-4
hydreulic-metexring carburetor and the fuel is injected through a stand-
ard nozzle bar. This fuel-mestering system configuration A was
investigated t 0 supply a criterion for evaluating the accel eration
characteristics of the engine with the injection inpeller. config-
uration B consisted of- an R-3350-23 engirie with an injection inpeller
and a Ceco 53 CPB-4 carburetor; configuration C! consisted of the same
engi ne and i npel | er with a Ceco 59 CPB-3X direct-metering carburetor.
tlodifications Were made to the accelerating punps of the carburetors
of configurations B and ¢ until the engine exhibited acceleration
characteristics conmparable with those of configuration A

Accel erations frominitial engine speeds between 600 and 1800 rpm
wer e investigated; the tims required t0 open the throttle to the tide-
open position was varied from2/3 to 12 seconds for each initial
engine speed. Ths results are presonted as curves Of engi ne speed
scainst tine.

FUEL-METERTNG AND INJECTION SYSTEMS

Configuration A. - In this configuration a standard fuel-injection
and netering systemwas used. The fuel was injected at the carburetor
bottom deck through a stendard nozzle bar and the fuel was metered by
a stendard Ceco 58 CPB~4 carburetor. Thias carburetor i s of the
hydraulic-metering type and has a vacuum oper at ed accelerating pump.
A schematic giagram of the accelerating pump is shown in figure 1.

The accelerating punp is operated by a differential pressure across
the air diaphragm As the throttles are opened, the air pressure
downstream of the throttles is Increased, which causes a pressure

ri so in tho accelerating-pump pressure passage.  1he fl ow resistance
of the fixed bleod betwoen the pressure passage and tke air chamber
causes a pressure differential across the air diaphragum for an appre-
ciable length of time. When tho pressure differential across the
diaphragm IS great enough to overcone tho force of the primary spring,
the punp val ve opens and the fuel at fuel-punp pressure sprays into
the conbustion afr fromthe pumo nozzle immediately upstream of the
throttles. The secondary spring doos not beccme effective until the
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val ve has opened slightly. For a given set of primary and secondary
springs, the magnitude of the perasure differentiasl across the air
diephragm deternmines the length of travel of the valve end consequently
ithe fuel flow.  The duration of the fuel diacharge i s controlled by the
duration of the pressure differentisl across the air di aphragm which
depends principally upon the bl eed size and air-chgmber vol une. Wth
this type of accelerating punp, the extra fuel supplied during the

cueleration.perlod conpl etel y bypassesn t he carburetor fuel -netering
system and enters the conbustion air independently of the fuel supplied
for nornmal englne operation.

Configuration B. - Thi s configuration of the fuel-injection and
fuel-metering system consisted of an NACA injection inpeller (fig. 2)
and a Ceco 58 CPB-4 carburetor. A conplete description of this
inpel ler and the fuel-transfer-systemis given in reference 1. As in
configuration A, the additional fuel supplied during the acceleration
period was introduced into the conbustion air immediately upstream of
the carburetor throttles. The fuel for pormal engine operation was
i njected through the injection impeller. .

The modifications to thia configuration to inprove the acceler-
ati on characterietice conailsted i n decreasing t he strength of the
primry spring of the carburetor accelerating punp and of increasing
the volume of the air chamber. The standard bl eed between the pressure
passage and the air chanber is so small that any reduction in size
woul d i nduce clogging,

Configuration C. - This configuration incorporated the NACA
intectlon I npelTer and a direct-netering Ceco 58 CFB-3X carburetor,
which has a throttle-actusted accel erating punp. A schematic diagram
cf the conponent parts of the accelerating-pump Systemis shown in
figure 3. As the throttle is opened, the accelerating-punp piston,
which i s actuated by the throttle I|nkage di splaces a smal | anmount
of fuel and thus increases the fuel pressure in the |oad-conpensator
bal ance line. This increase in pressure is transmtted to the load-
compensator chanber of the pressure regulator and results in an
unbal anced force upon the metering diaphragms. This unbal anced force
i ncreases the opening of the pressure-regulator val ve and permt8
nore fuel to flowthrough the pressure regulator to the engine.The
amount and the duration of the unbalance resulting fromthe novenent
c-f the accelerating-punp piston is controlled primarily by fixed
bleed A (fig. 3).

Wth this type of carburetor, +the fuel required for normal engine
operation and the additional fuel supplied duvring the acceleration
period are discharged through the sane system Mdifications to this
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configuration consisted in reducing the bleed dianeter, which resulted
in a greater unbalance of' the pressure regulator for a |onger period
of tinme and in a greater quantity of fuel for the acceleration period.

APPARATUS

Setup, - This investigation wae conducted on an R-3350-23 engine
that was fitted witharing cowing and installed in a teat cell, as
ghown in figure 4. The engine power was abasorbed by a four-bl ade
propel ler, 16 feet and 7 inches in dianeter. Cooling air wae drawn
across the engine by a controllable auction system The combustion-
air systemautomatically maintained the carburetor-deck tenperature
at 100° £5° F. Eachcylinder exhausted directly to the atmosphere
t hrough indtvidual stub stacks.

Instrumentation. - The instruments used t 0 determine t he acceler-
ation performance Of the engine were nounted on a panel in order that
al | pertinent readings coul d be simultaneocusly photographed by a
motion-picture canera. Values of engine speed and tine were Indicated
by a chrononetric tachometer. The throttle angle was determned by
an electric position indicator that waa calibrated to indicate the
throttle angle directly in degrees. Backfiring of the engine was
audi bly detected by an observer in the control roomwho operated a
manual microswitch controlling the backfire-indicating light, which
i ndi cat ed backfire on t he instrument panel.

Throttle and m xture were manually controlled by the engine
operator. An additional chronometric tachometer nounted in front' of
t he engi ne operator was tired in parallel and syncronized With the
tachoneter used to determine the acceleration characteristics of the
engine, Wth this arrangenent, the engine operator could correctly
regulate the rate of throttle opening by observing the electric tinmer
of the chrononmetric tachometer. Qher engine controls and instru-
ment ati on were of conventional design and operation

OPERATI NG PROCEDURE

The accel eration characteristics of the standard R-3350 engine
(configuration A) were determined to forma basis for evaluating the
accel erati on characteristiosof this engine with the injection impeller
and a Ceco 56 CPB-4 or Ceco 58 CPB-3X carburetor. Before the engine
acceleration was investigated, both carburetors were tested in an air
box and adjusted to meter fuel within the 1imite specified by the
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enginemanufacturer. The accelerating pumps Were also tested and
adjusted to nmeter fuel in the proper amounts for accel eration.
Investigationa of configuration Awere nade frominitial engine
speeds of . 600, 900, 1200, 1.500, and 1800 rpm. At each initial
sngine speed, the throttle was smothly opened to the full-open
position in times of 2/3, 2, 4, and 6 seconds.

In the 4nvestigation of configuration B, the acceleration char- |,
acteriatlcs with each modification to the accel erating pump of the
carburetor Wer e evaluated by visual observation. |f the nodification
seemed satisfactory, additional runs were nade dnring whi ch motion
plctures were taken of the accel eration instrument panel. The
investigation Of thi s configuration covered the same initial speeds
and rates of throttle opening as for conflguration A. In addition,
runs were made for a throttle-opening time of 12 seconds from those
initial speeds t hat exhibited hesitation or backfiring.

The investigation of configuration ¢ was similar to that of con-
figuration B and covered the same range of conditioner. These studies
thus covered a range of accelerations from"snap" throttl e opening
(2/3 sec) to extrenely slow throttle opening (12 sec) from | ow idling
speed (600 rpm) t0 engine speed used for landing approaches (1820 rpn).

Renresentative curves showing throttl e position egainst tine for
three different rates of throttle opening are shown in figure 5. . The
variations of the actual throttle anglea fromthese for a uniformrate
ok' throttle opening are very small. The acceleration characteristic8
obtained therefore represent a uniformrate of throttle opening.

For all operation, the propeller was set in | ow pitch (21°) and
vhe nropsller governor wae adjusted to maintein s maximum engi ne speed
o1 2400 rpm  Wth these propeller and governor settings, the propeller
remained in fixed piteh and the governor was inoperative until the
engi ne speed approached 2400 rpm  Thi S arrangement resulted in a
relation of engine speed and powor that closely followed the propeller-
| oad curve for the engine up to a speed of about 2400 rpm. Thr oughout
whis investigation, AmF-29 fuel was usod.

RESULTS AND DI SCUSSI ON
Standard Engi ne
The results with the standard R-3350 engine (configuration A) are

shown in figure 6 as curves of engino speed against tine. At snap
throttle opening {2/3 sec fromidling to yide-open throttle position)
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the engine backfired and the engine speed decreased when the accel -
eration began from engi ne speeds between 600 and 1200 rpm The
decrease in engine speed after each backfire wae about 90 rpm The
total time required to change the engine epeed from 600 to 2400 rpm
wae approxinately four times that obtained by the manufacturer. The
conparatively long period of tfme required for the present tests is
attributed to the fact that the engine pistons not only had to supply
the torque for accelerating the engine and propeller but also had to
supply the torque necessary to overcone the |arge aerodynanmic forces
of the propeller set in low pitch. Wen the tinme for opening the
throttle was increased to 2 eeconde, backfiring occurred only when
the acceleration began at an engine speed of 600 rpm The lose in
engi ne speed after backfiring was about 130 rpm For other conbi-
nations of rate of throttle opening and initial engine speed; the
operational characterfetice during acceleration were excellent.

Accel erations fromengi ne speeds of 1200 rpmor |ees at relatively
rapid rates of throttle opening are quite severe and are unlikely to
be encountered in normal engine operation. Inasmuch ae this engi ne-
car buret or combination is used i n service, the acceleration character-
istics were assumed to be satisfactory for service use and were used
as a basis of evaluating the accel eration performance of the engine
with the injection inpeller

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

The accel eration characteristics of the engine equipped with
the NACA injection inpeller and a standard Ceco 58 CPB-4 hydraulic-
metering carburetor (configuration B) were poor. Visual observation
showed that all accelerations from engine speeds |ess than 1800 r-pm
at rates of throttle opening faster than 12 seconds were unsati sfac-
tory. Considerable hesitatfon of the engine speed usually followed by
backfiring and | oss of engine speed, which resulted froma definite
| eaning of the fuei-air mxture as the throttle was opened, was observed.

The vacuum operated accel erating pump of this carburetor wae
modi fied in several steps to determ ne an approxinmately optinum
modi fication for satisfactory acceleration of the engine incorporating
the injection inpeller. First, the air chanber was enlarged to increase
the duration of accelerating-fuel delivery and, second, the primary-
spring tension wae decreased to obtain the necessary initial rate of
fuel flow.  The third nodification consisted of a conbination of an
i ncreased air-chanber capacity and a decreased primary-spring tension
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The volume of the air chanber was increased about 120 percent by
the addition of a 75-cubic~centimeter Well (fig. 7). An increase in
the volume of the air chanber increases the time required for the
pressure in the chanmber to become equal to the pressure downstream of
the throttle when the throttle is opened. The Increase results in
increasing the length of time during which fuel iS injected by the
acceleratingpunp. Visual observation of the accel eration character-
istics with this nodification indicated that the duration of the
accel erating fuel discharge was approximately correct but that the
initial rateof fueldi scharge was i nadequate

The additional air chamber was then renoved and the primary-spring
tension was altered to determne the requirements for initial rate of
fuel discharge. Attenpts to shimthe gpring housi ng gave insufficient
change in spring tension to affect the acceleration characteristics of
the engine. -Aprimary spring with a working length of 1.06 inches
under a 2-pound | o0ad was then installed in place of the standard spring,
which has the same length under a load of 2 pounds, 6 ounces. This
modi fication produced good acceleration characteristics at the initia
part of the acceleration period, but the duration of the accelerating
fuel discharge was not adequate to provide smooth acceleration to ful
engi ne speed

The results with the combination of-a weaker prinmary spring and a
75<cubic-centimeter i NCrease in air-chanber vol ume were photographed.
The curves of engi ne speed against time (fig. 8) indicate adequate
initial 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. |n this respect the acceleration char-
acteristics with the nodified carburetor and injection Inpeller were
better than with the standard carburetor and the nozzle bar. \Wen the
throttle was opened in 4 and' 6 seconds froman engi ne speed of 600 rpm,
the engine hesitated for about 3 seconds before starting continuous
accel eration. Wen the accel eration began at an engi ne speed of
900 rpm and the throttle was opened in 6 seconds, the engine accelerated
satisfactorily up to an-engine speed of 1460 rpm, then backfired with
a loss in engine speed of 150 rpm before final accel eration began

Wen the throttle was opened slowy (12 sec to reach the wide-
open position) the acceleration characteristics were poorfrominitia
engi ne speeds of 600, 900, and 1200 rpm \When the acceleration started
froman engi ne speed of 600 rpm the engine speed hesitated between
600 and 70C rpm for about 5 seconds before accel erating. Accelerations
from these low initial speeds is a nore severe requirement than service
conditions i npose and is therefpre not considered critical. Black
snmoke fromthe engine exhaust i ndicated that this hesitation was caused
by an over-rich fuel-air mxture. When the acceleration began froman

-
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engi ne speed of 900 rpm, considerable backfiring and fluctuation in
engi ne speed occurred for alnost 7 seconds; then acceleration was
smooth and rapid. Froman initial engine speed of 1200 rpm the engine
accel erated to about 1400 r-pm backfired and |ost engine speed, and
then accelerated satisfactorily. Accelerations from engine speeds of
1500 rpm enid above were satisfactory.

The quantities of fuel metered by the nodified punp are conpared
with the values recomended by the carburetor nmanufacturer for the
standard punp in figure 9. The nodified punp delivers two and one-
half to three times as much fuel as the standard punp.

Tests were also nmade with the 75-cubic-centimeter air chanber
replaced with one having a volume of 200 cubic centineters, but this
modificaticn showed that further increasein air-chanber vol une gave
no inmprovenent in acceleration characteristics over those obtained
with the addition of 75 cubic centinmeters to the air-chanmber vol une.

Engine with NACA Injection Inpeller
and Ceco 58 CPB-3X Carburetor

Results of acceleration tests of the engine with the NACA injec-
tion inpeller and a-standard Ceco 58 CPB-3X direct-netering carburetor
(configuration G) are presented in figure 10. Because the Csco
58 CPB-3X carburetor discharges the fuel for normal engine operation
and the additional fuel required for acceleration through the sane
system this carburetor was expected to provide better acceleration
characteristics when used with the injection inpeller than did the
Ceco 58 CPB-4 carburetor. In general, however, the acceleration char-
acteristice were unsatisfactory when acceleration started at engine
speeds bel ow 1500 rpmat rates of throttle opening between 2/3 and
6 seconds. Considerable backfiring and | oss of engine speed resulted
from excessively lean mxtures. |n most instances of backfiring and
|l oss 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 hesitated for about 4 seconds before beginning to accelerate
from 600 rpm Al other accelerations were satisfactory at this rate
of throttle opening

The bleed in the | oad-conpensator balance line (bleed A fig. 4)
was decreased in size to provide a higher initial rate of fuel dis-
charge that would elimnate the | ean operation during the early part
of the acceleration period. The first nodification was to replace the
standard 0.028-inch-dlameter bl eed with a bl eed of 0.020-inch di aneter.
This nodification caused appreciable flooding of the engine at al
fast rates of throttle opening. The excessive |eanness reeulting in
backfiring was elimnated at the slower rates of throttle opening.
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A bl eed of 0.0225-inch dianmeter was then installed in the load-
conpensat or balance line and t he results of these accel eration inves-
tigations are samown in figure 11

The results obtained with the 0.0225-inch-diamster bl eed conpared
favorably with those for the standard engine. At snap throttle opening
fromengine speeds of 600 and 1200 rpm, the engi ne accelerated slightly
and then | ost engi ne epsed before finally accelerating uniformly. This
Loss in engine spesd resulted froma alight |eaning of the fuel-air
m xture; the leaning, however, was not severe snough to cause back-
firing. \Wen the throttle wae opened in 2 seconds, unsatisfactory
accel eration characteristics were caused by |ean operation when accel-
eration started from engine speeds -of 600 and 900 rpm. Backfiring
occurred during the acceleration froman engine speed of.900 rpm

For rates of throttle. opening of 4, 6, and 12 secondsm, the accel -
eration characteristics were satisfactory except froman initial engine
speed of 600 rpm. At-this Initial speed the engine speed usually
increased slightly and then decreased 120 to 240 rpm before accel er-
ating steadily. No backfiring was encountered at these conditions

Concl uding Remarks --

Both carburetors, when nodified, gave equally good accel eration
characteristics when used with the Injection Lm?eller; however, the
Ceco 58 CPB- 3X carburetor probably gave better fuel distribution to
the cylinders during the acceleration period because all the fuel is
i ntroduced throughthe injection inpeller. Use of this carburetor
also elimnated the presence of fuel in the conbustion-air passage
bet ween the carburetor and the inpeller and thus reduced the hazard
of backfiring in thie portion of the conbustfon-air system as
excel | ent performance could.be obtained for the higher rates of
accel eration, further inprovement can undoubtedly be obtained by nore
extenaive i nvesti gations of the optimm primary spring tenstions and
ai r-chanmber capacities for the Ceco 58 CPB-4 carburetorand of the
fixed-bleed dianmeter for the Ceco 58 CPB-3X carburetor. Al though con-

ei derabl e backfiring occurred throughout the tests with both carburetors,

none of the backfiring caused danage to the engine or combustion-air
ducts.

SUMVARY CF RESULTS

An investigation-of theacceleration of an R-3350 engine equi pped
wi th an NACA injection impeller and two different types of carburetor
produced the foll ow ng results:
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1. Both the Ceco 58 CPB-4 hydraulic-netering carburetor, which
had a vacuum oper at ed accelerating punp, and t he Ceco 58 CPB-3X
direct-nmetering carburetor, which had a throttle-actuated accel -
erating punp, were easily modified to produce generally satisfactory
accel eration characteristics when used with an NACA injection inpeller.

2. The vacuum operated accel erating pwrp of the Ceco 53 CEB-4
carburetor was nodified by the addition of 75 cubic centimeters to
the air-chanmber volunme and by a reduction in strength of the primary
spring to produce excellent acceleration characteristics at rapid
throttle openings (2/3 and 2 sec) and satisfactory accel eration
characteristics at slower throttle openings, except at tie slowest
throttle opening from engine speeds bel ow 1200 ¥rpm.

3. The throttle-actuated accelerating punp of the Ceco 58 CPB-3X
carburetor was nodified to produce satisfactory accel erations by
repl aci ng t he standard 0.028-inch-diameter bl eed i n t he | oad- conpensat or
bal ance line with a smaller bleed of 0.0225-inch di aneter.
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