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ACCELESATION CHARACTTRISTIC!S OF R-3350 EX+IRX

By Robert 0. Hickel and William E. Snfder

Qualitative investigations have shown that use of the RAGA injec-
tion impeller with the R-5350 wine Zncreaaee the inertia of the
fuel-injection system and, when the &ar&qrd fuel-metering sysiom is
used, thie Lncrease in inffrtia resulte In paor engtie acceleration
characteriatica. This investigation was therefore undertaken to
deter&.ne  whether Elati8fadory  accelerat,ion characteristics of the
engine equipped with the fnjection impollor could be obtained by
simple modifications to the fuel-motering system. The engine was
operated with two tnee of carburetor; namely, 'a hydraulfc-metoriq
wburotor incorporating a vacuum-operated accoloratiq pump and a
direct-metering carburetor having a throttlo-actuated accaloratiw
PW* I ,

The vacuum-operated accelerating pump cjf the hydraulic-metering
carburetor wa8 edified to produce satiefactolry acceleration6 by
eu~plementing  the etandard atr chamber with en add-ltional 75-cubic-
centimeter air ohamber and by decreaeing the strength of the primary
spring. -

The throttle-actuated accelerating pump of the djrect-metering
carburetor was modified to produce eatfafactory  accelerations by
replacing the standard 0.028-inch-diameter bleed in the load-
compensator balance line with a emGller bleed of 0.0225-9nch dfameter.

The results of this inveetfgation indiuated that both carburetors
can be easily modified to produce satitiactory  acoeleration character-
fetics of the engine and no definite choice between the types of
carburetor and accelerating pump can be made. Use of the direct-
metering carburetor, however, probably resulted in better fuel
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distribution to the cylinders during the acceleration period and
reduced the backfire hazard because all the fuel is introduced through
the injection impeller.

IMTRODUCTICIV

At-the request of the Air Materiel Command, Army Air Forces, a
general investigation of methods for improving the cooling charactor-
istios of the R-3350 engine has been conducted at the HACA Cleveland
laboratory. Use of the NACA injection impeller improves the mixture
distribution and consequently the tomporature  di$tribUtiQn of the
engine (reference 1).

In the investigation reported in.reference 1, the injection
impeller, when used with the standard fuel-metering systom, Cave poor
engine acceleration characteristics, but satisfactory acceleration
was obtained by doubling the-volume of the accelerating-pump 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, more detailed infom~tion was obtained on accelerating-
pump requirements and on methods of injecting the fuel for acceleration
for the engine equipped with the injection impeller.

When the injection impeller and a Ceco 59 CFB-2 or Ceco 59 W-4
carburetor, which are of the hydraulic-metering typo and have a
vacuum-operated accelerating  pump, are used during eteady engine
operation, the fuel ie injected i;hrough the- impU.ar; whereas the
additioral  fuel for acceleration is injected at the carburetor bottom
dC3Ck. This spray is not conducive to rapid evaporation of the fuel
and tLe increase 9n air pressure at this point, which rooults from .
opening the throttle, further hinders fuel evaporation. ATprccfable
smounts of fuel probably wet the walls of the combustion-air >assaCe
boforo complete evaporation takes glaco and this wetting introduces
an appreciable  time interval before additional fuel roaches the cyl-
inders. l%is time lag adversely affects the acceleration charactcr-
istics of the engino, Whon thd standard nozzle bar is usod, this
time interval is not so pronouncod bocauso the combustion-air passage
downstream of the carburetor is already filled with a fuel-six mixture
and the surrounding walle have boon wettod with fuel.

f
-

-i

When the engina usvs the injection impeller and the Coca 59 CFB-3X
carburetor,  which isof the direct metering type and hasa.throttl..- ._.._.... .-- ---
actuated acoolarati~~plwp,  both tho fuel for steady en&no opctration .
and the ad-ditional.fuol for acceleration are injcctod through the
impeller. The rosistancc  to fuel flow through the fuel-transfor lines

4
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and the nozzle ring of the injection fmpeller is. greater than that
for nozzle-bar injection. This increaeed resistance tend6 to Increase
the inherent lag fn the fuel-metering system skd adversely affects the
acceleration chsracteristics  of the engine.

i

.

Se results of an investigation of the acceleratire character-
latics of a standard R-5350-23 engine and of the R-33a-23 er&ine
incorporating an injection iqeller with two different ty-pes of
carburetor are presented. Phe hxodard engine has.a Woo 59 CPB-4
hydraulic-meter- carburetor and the fuel is injected through a stand-
ard nozzle bar. This fuel-metsri~ system, configuration A, was
investigated to su$ply a criterion for evaluating the acceleration
characteristics of the engine with the injection impeller. config-
uration B consisted of- an R-3350-23 en@& Myth an injection impeller
and a Ceco 53 CPB-4 carburetor; confIgruratfon C! consisted of the ssme
engine and impeller tith a Ceco 59 CPB-3X direct-meterkq  carburetor.
Xodifications were made to the acoelemting pumps of the carburetors
of configurations B and C until the engine exhibited acceleration
characteristics comparable with those of confQuration A.

Accelerations from initial engine speeds between GO0 and 1500 rpm
were investfgated; the time rocplr--d to ogen the throttle to the tide-
open position wasvaried from 2/3 to I.2 seconds for each initial
en&ne speed. Ths results are pesonted a8curves of engine speed
aga$nst time.

IETlliL-- Am INmoN SBEMS

Configuratfon A. - m this configuration a standard fuel-LnjectIon
and metering system was .used. The fuel was injected at the carburetor
bottom deck through a standard nozzle bar snd the fuel was metered by
a stadard Ceco 58 CPB-4 carburetor. Thi.8 carburetor is of the
hydraulic-meter%ng typo and has a vacuum-operated accelerating guq?.
A schematic disgram of the accelerating -pumg is shown in figure 1.
The accelerating pump fs 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
riso Zn tho accelerating-pump pressure passqe: The flow resistsnco
of the fIxed bleed betwoen the pressure passage and the air chamber
causes a prossure differential across the atr diaphragm for an appre-
ciable length of time. When tho pressure differential across the
diaphragm is great enough to overcome tho force of the primsry spring,
the pump valve opens and the fuel at fuel-pump pressure sprays into
the combustion afr from the pump nozzle Wmediatoly upstream of the
t!lrottlos . The secondary spring doos not become effcctivo until the
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valve has opened slightly. For a given set of primary and secondary . -
spriruj's,  the magnitude of the perssure difPerential  across the air
dia:&r~ determines the length of travel of the valve end consequently . . .
:Jle fuel flow. The duration of the fuel discharge is controlled by the i
duration of the pres8ure difPerentia1  across the air diaphragm, which
depends principally upon the bleed sfze and air-ch@er volume. With
this t,ype of accek&t&g pump, the extra fuel supplied during the
accelo~tion period completely bypasserj  the carburetor fuel-metering -.. --
system and entersthe combustion a2r independently of the fuel supplied
for normal en@ne operation.

Configuration 5. '- This confIguration  of the fuel-injection and
fuel-meteriw system consisted of an NACA injection impeller (fig. 2)
and a Ceco 58 CD-4 carburetor. A complete description of this
impeller and the fuel-transfer-system Is given in reference 1. As in
conf'fguration A, the additional fuel supplied during the acceleration
period wae introduced into the combustion air irszediately  upstream of
the carburetor throttles. The fuel for normal en&ne operation was
injected through the Fnjection ktrpeller. .

The modificationa to thia conf?Quration  to improve the acceler-
ation characterj.stics'co~sfsted  in decreasm the strength of the
primary spring of the carburetor acceleratipg  pump and of incroaeing
the volume of the air c.b&ber. The stsndard bleed between the pressure
passage and the air chamber is so small that any reduction in size
would induce clo@&lng,

ConfIguration  C. - This configuration incorporated the NACA
in.leo%ion impeller Euia a direct-metering Ceco 58 CI'B-3X carbuzstor,
which has a throttle-astuated  accelerating pump. A schematic dfa&ram
cf the component parts of the a&ooiera%&g-pump system is shown in
ffgure 3. de the throttle is opened, the accelerating-pump piston,
whiuh is actuated by the throttle linkage, displaces a small amount
of fuel and thus increases the fuel pressure in the load-compensator
balance line. This increase in pressure is transmitted to the load-
compensator chamber of the pressure regulator and results in n;n

*unbalanced force upon the metering diaphrw. This unbalanced force
increases the opening of the pressure-replator valve and permit8
more fuel to flow through the pressure regulator to the 3n@.~3,  The
amount and the duration of the unbalance- resulting  from the movement
c-f the accelerating-pump piston is controlled primarily by fixed
bleed A (fig. 3).

.

1

.

With this type of carburetor, the-fuel required for normal engine
operation and the additfonal fuel eupplied durilq the acceleration
period are dfscharged tbowh the same system. Modifications to this
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configuration consisted in reducing the bleed diameter, which reeulted
tn a greater unbalance of' the pressure regulator for a longer period
of time and in a greater &antity of fuel for the acceleration period.

APPARA!PUS

Setup, - This investigation wae conducted on an R-3350-23 engine
that was fitted with a ring cowling and inetalled in a teat cell, as
shown in figure 4. The engine power wae abeorbed by a four-blade
propeller, 16 feet and 7 inches in diameter. Cooling air wae drawn
across the engine by a controllable auction system. The combuetion-
air system automatically maintained the carburetor-deck temperature
at100°&t50F. Each cylinder exhausted directly to the atiephere
through ind-i-dual  etub stacks.

Instrumentation. - The instrumente  ueed to deternine the acceler-
atlon~rformance of the engine were mounted on a panel in order that
all pertinent read.+gs could be simultaneously  photographed by a
motion;picture,  camera. Values of engine -weed and time were indicated
by a chronometric taohometer. The throttle angle wa8 determined by
an ellectric position Lndicator that va8 calibrated to indicate the
throttle angle directly in degrees. Backfiring of the engine was
audibly detected by an observer in the control room who operated a
manual mLcroswitch controlling the backfire-indicating light, which
indicated backPire on the in&rmnt -1.

Throttle and mixture were manually controlled by the engine
0pqato.r. An additional ohronometric  tachomter  mounted in front'of
the engine operator wa8 tired Fn parKLle1 and Bgncronized  with the
tachometer used to detemne the acceleration characteristics of the
engine, With this arrangement, the engine operator could correctly
regulate the rate of throttle opening by observ- the electric timer
of the chronometric tachometer. Other engine controls and fnstru-
mentation were of conventional design and operation.

OPERATING PROCEDURE

The acceleration characteristics of the standard R-3350 engine
(configuration A) were detetined to form a basis for evaluating the
acceleration cWacteristf& of this engine with the injection Wpeller
and a Gem 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 limfts specified by the
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engine mantiacturer . The accelerating pumpe were also tested and
adjusted to meter fuel in the propmy amcynt~.foxy  acceleration.
In~xstigatione  of configuration A were made from initial engine
speeds of.600, 900, ECC, 1.500, and 1900 rRm. At each inftial
l=Ingine speed, the throttle was smoothly opened to the full-open
position In tlmee of Z/3, 2, 4, and 6 seconds.

IR the inveetigation of configuration B, the acceleration char- ,
acteristlcs  with.each modification to the accelerating pump of the
carburetor  were e7raluated by viflual observation. If the modification
nee;.2ed satisfactory, additional rune were made djlrlng which motion
ppictl;res  were taken of the acceleration instrument panel. The
investigatfoa  of this conffguratior  covered the &ame Initial eRaed
and ratee of throttle.opening  &B for conflguraticn  A. In addition,
runs were Fade for a throttle-opening time of 12 eeconde from those
InLtial epeods that exhibited hesitation or backfirfrg.

-
*

The inveetigation  of configuration C waB sfmilar to that of con-
figuration B and covered the IXLZM range of conditioner. These etudies
thus covered a range of accelerations from "~aap" throttle ogening
(2/3 set) to extremely slow throttle openiq (12 set) from low J.dling
speed (600 rpm) to engine speed ufled for landing approaches (19CC rpm).

ReRreeentative curvea ehowing throttle ~qMtiqn agatwt time for
three dffferont rates of throttle opening&s &own fn figure 5. .Tho
variations of the actual throttle anglea from those for a uniform rate
ok' throttle opening are very small. The acceleration characteristic8
obtained therefore represent a uniform rate.of throttle opening.

f--

." .

4

For all operation, the propeller was eet in low pitch (21') and
<he gkopeller  governor wae adjusted to mab-$ain~~ maxtim engine sgoed
<If' 2400 rpm. With these propeller and governor e&tin@, the ?ropellor
i*emMned in fixed pZtch and the governor wag inoperative ilntil the
engine epeed approached 24CO rpm, This arra~sment resuited in a
rel.at:on of engine speed and powor that cloaoly followed the propeller-
load curve for the engine up to a slpeed of about 24(X rpm. Throughout
~,-.his investigation, Am-F-29 fuel was used.

RESULICG AND DISCUSSION

Standard Engine

The results with the standard R-3350 ong!.nc (configuration A) are
shown in fQure 6 as curves of en&no Bpeed a,gainet time. At EIIID~
throttle opening (2/3 8ec from idling to wide-oRen throttle Roaition)
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the engtie backfired and the engine speed decreased when the accel-
eration began from engine speeds between 600 and 1200 rpm. Ihe
decrease in engine speed after each backfire wae about 90 rpm. The
total time required to change the engtne epeed'from 600 to 2400 rpm
wae approximately four times that obtained by the manufacturer. The
comparatively 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 overcome the large aerodynamic forces
of the propeller set in low pitch. When the time for openfng the
throttle was increased to 2 eeconde, backfiring occurred only when
the acceleration began at an engine speed of 600 rpm. The lose in
engine speed after backfiring was about 130 rpm. For other combi-
nations of rate of throttle opening and initial engine speed; the
operational characterfetice during acceleration were excellent.
Accelerations from engine epeeds of 1200 rpm or lees at relatively
rapid rates of throttle opening are quite severe and are unlikely to
be encountered in normal engine operation. Inasmuch ae thle engine-
carburetor cozribination is used in eervTce, the acceleration character-
istics were aesumed to be satisfactory for service use and were used
as a basis of evaluating the acceleration performance of the engine
with the injection impeller.

Engine with NACA Injection Impeller

and Ceco 58 CPB-4 Carburetor

The acceleration characteristics of the engine equipped with
the NACA injection impeller and a standard Ceco 58 WE-4 hydraulic-
metering carburetor (configuration B) were poor. Visual observation
showed that all accelerations from engine speeds less than 1800 r-pm
at rates of throttle opening faster than 12 seconds were unsatisfac-
tory. Considerable hesitatfon of the er@ne speed usually followed by
bactiiring and loss of engine speed, which resulted from a definite
leaning of the fuel-se mixture as the throttle was opened, was observed.

The vacuum-operated accelerating plwp of this carburetor wae
modified in several steps to determine an approximately optimum
modification for satisfactory acceleration of the engine incorporating
the injection impeller. First, the air chamber was enlarged to increase
the duration of accelerating-fuel delivery and, eecond, the primary-
spring tension wae decreased to obtain the necessary initial rate of
fuel flow. The third modification consieted of a combination of an
increased air-chamber capacity and a decreased primary-spring tension.
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The volume of the air chamber was increased about 120 percent by
the addition of a 7S-cubi-c-centimeter  well (fig. 7). An increase in
the volume of the air chamber increases the time required for the
pressure in the chamber to become equal to the pressure downstream of
the throttle when the throttle is opened. The Increase results in
increasing the length of time duringwhich fuel is tnJected by the
acceleretlng  pump. Visual observation of the acceleration character-
istics with this modification indicated that the duration of the
accelerating fuel discharge was approximately correct but that the
initial rate of fuel discharge was inadequate.

The additional air chamber was then removed and the primary-spring
tension was altered to determine the requirements for initial rate of
fuel discharge. Attempts to shim'the egring housing gave insufficient
change in spring tension to affect the acceleration characteristics of
the engine. -A primary spring with a working length. of.1..06 inches
under a 2-'pound load was then installed in place of the standard epring,
which has the same length under a load of 2 pounds, 6 ounces. This
modification produced good acceleration characteristics at the initial
part of the acceleration period, but the duration of the accelerating
fuel discharge was not adequate to provfde smooth acceleration to full
engine speed.

The results with the combination ofa weaker primary spring and a
75;cubic-centimeter  increase in air-chamber volume were photographed.
The curves of engine speed against time (fig. 8) indicate adequate
initial aocelerating fuel discharge and adequate duration of accel-
erating fuel discharge. -180 backfiring was encountered when the throttle
was opened in 2/3 or 2 seconde. In thie respect the acceleration char-
acteristics wTth the modified carburetor and injection Impeller were
better than with the standard carburetor and the tizzle bar. When the
throttle was opened in 4 and'6 sec.onds from an engine epeed 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
satisfactorily up to an*engFns sped of 1460 rpm, then backfired with
a-1088 in engine speed of 150 rpm before final acceleration began.

When the throttle was opened slowly (12 BBC to reach the wide-
open position) the acceleration characteristics were poor from initial
engine speeds of 600, 900, and 1200 rpm. When the acceleration started
from an engine speed of 600 rpm, the engine epeed hesitated between
600 and 70C rpm for about 5 secofids before accelerating. Accelerations
from these low initial speeds is a more severe requirement than service
conditions impose and is therefpre not considered critical. Black
smoke from the engine oxhauet indicated that thie hesitation was caused
by an over-rich fuel-air mixture. When the aoceleration began from an
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engine speed of 900 rpm, considerable backfiring and fluctuation in
engine speed occurred for almost 7 seconds; then acceleration was
smooth and rapid. From an initial engine speed of I200 rpm, the engine
accelerated to about 1400 r-pm, backfired and lost engine speed, and
then accelerated satisfactorily. Accelerations from engine speeds of
1500 rpm n;ad above were satisfactory.

The quantities of fuel metered by the modified pump are compared
with the values recommended by the carburetor manufacturer 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-centimeter air chamber
replaced with one having a volume of 200 cubic centimeters, but this
modificaticn showed that further increase in air-chamber volume gave
no improvement in acceleration characteristics over those obtained
with the addition of 75 cubic centimeters to the air-chamber volume.

Engine with NACA Injection Impeller

and Ceco 58 CPB-3X Carburetor

Results of acceleration tests of the engine with the NACA injec-
tion impeller and a-standard Ceco 58 CPB-3X direct-metering carburetor
(configuration c) are presented in figure 10. Because the Ceco
58 CPB-3X carburetor discharges the fuel for normal engine operation
and the additional fuel required for acceleration through the same
system, this carburetor was expected to provide better acceleration
characteristics when used with the injection impeller than did the
Ceco 58 CPB-4 carburetor. In general, however, the acceleration cher-
acteristice were unsatisfactory when acceleration started at engine
speeds below 1500 rpm at rates of throttle open@ between 2/3 and
6 seconds. Considerable baGHiring and loss of engine speed resulted
from excessively lean mixtures. In most instances of baGWiring and
loss of engine speed, steady acceleration did not take place for 2 to
4 seconde. At a slow rate of throttle opening (12 aec), the engine
speed hesitated for about 4 seconds before beginning to accelerate
from 600 rpm. All other accelerations were satisfactory at this rate
of throttle opening.

The bleed in the load-compensator balance line (bleed A, fig. 4)
was decreased in size to provide a higher initial rate of fuel dis-
charge that would eliminate the lean operation during the early part
of the acceleration period. The first modification xas to replace the
standard 0.028-inch-diameter bleed with a bleed of 0.020-inch diameter.
This modification caused appreciable flooding of the engine at all
fast rates of throttle opening. The excessive leanness reeulting in
backfiring was eliminated at the slower rates of throttle opening.
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A bleed of 0.0225-in& diameter was then installed in the load-
compensator balance.line  and the reeults of these acceleration invee-
tigations are 8hown in figure 11.

The results obtained with the 0.0225-i&h-diameter bleed compared
favorably with thoee for the standard engine. At t3naR tlzyot.tle opening
from engfnw speeds ofY6[30 and 1200 rpm~the engine acceJ.erated  slightly
and then lost engine aReed before finally a&eierating uniformly. This
Loss in engine sIjeea resulted from a alight leaning of the fuel-air
mixture; the leaning, however, was ndt aevers'enough  to cause back-
firing. When the throttle wae opened in 2 seconds, unsatisfactory
acceleration characteristics were caused by lean operation when accel-
eration started -from.engine speeds -of 600 and 900 rpm; Backfiring
occurred during the acceleration from an en&e&peed of.900 rpm.

For rates offthrottle. opening of 4, 6, and 12 beconde, the accel-
eration characteristics were 8atIefactoly  except from an Jnittal eng-Lne
ep8ed of 600 rpm. At-this Initial speed the engIna speed usually
increased slightly and then decreased 120 to 240 rpm before acceler-
ating steadily. No backfiring was encountered at these conditions.

: .

.

Concluding Remarks --

Both carburetors, when modified, gave equally good acceleration
characteristics when used with the Injection -1ler; however, the
Ceco 58 CPB-3X carburetor probably gave bettar fuel dietribution to
the cylinders during the acceleration period because all the fuel is
introduced through the injection impeller. Use of thie carburetor
also eliminated the presence of fuel in the combustion-air passage
between the carburetor and the impeller and thus reduced .the hazard
of backfiring in this portion of ths combustfon-air system. As
excellent performance could.be~obtained  for the higher rates of
acceleration, further improvement can undoubtedly be obtained by more
extensfve investigations of the optfmum primary.epring tenefons and
air-chamber capacities for the CQCO 58 CZ6-4 ca;Pburetix  and of the
fixed-bleed diameter for the Ceco 58 CPB-3X carburetor. Although con-

,

eiderable backfirIng occurred throughout the tests with both carburetors,
none of the backfiring caused damage to the engine or combustion-air
auctf3.

.
SUMMARY OF RE!sm,'rs

An investigation-of theacceleration of an R-3350 engine equipped
with an NACA injoction.impeller  and two different types of carburetor
produced the following resulte:

1
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.
1. Both the &co 58 CPB-4 hydraulic-metering carburetor, which

had a vacuum-operated accelerating pump, and the Ceco 58 Cl?S3X
direct-metering carburetor, which had a throttle-actuated accel-
erating pump, were easily mdtiled to produce generally satisfactory
acceleration characteristics when used with an NACA injection impeller.

2. The vacuum-operated accelerating pump of the Ceco 59 CPB-4
carburetor was modified by the addition of 75 cubic centimters to
the air-chamber volume and by a reduction in strength of the prfnary
spring to produce excellent acceleration characteristics at rapid
throttle openings (Z/3 and 2 set) and satisfactory acceleration
characteristics at slower throttle openings, except at tie slowest
throttle opening from engine speeds below 1200 rpm.

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

Aircraft Er@ne Research Laboratory,
National Advisory Coattee for Aeronautfcs,

Cleveland, Ohio.
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Figure 1. - Schematic  diagram of vacuum-operated  accelerating pump of CECO 58 CPII-4 hydraulic-
meterlng carburetor.
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