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THE EFFECT OF CARBURETOR THROITLE SETTINGS ON THE VELOCITY
DISTRIBUTION AT THE OUTLET OF A VANED AND A
VANILESS SUPERCHARGER INLET ELBOW

By Donald C. Guentert and Bdwund J. Baas

SUMMARY

A ptudy has been made to determine the effect of a carburetor
and an Inlet elbow on the flow at the supercharger lmpeller inlet.
Tests were conducted on a commercial vansd supercharger inlet-elbow
asserbly to detormine the effect on the veloclty distributlon at
the elbow outlet by varying the carburetor throttle setting from
full open to 55° olosed. The tests were repeated with the vanea
removed to determine thelr effect on the disturtions produced by
the carburetor throttle. Tests were also made to compare the
static-pressure drop through the vaned and the vaneless elbows.

The carburstor throttle setting had a pronounced effect on the
veloclty distribution at the sunercharger inlet. Becauss of the
tendency of the vanes to retain the distortion created by the
throttle, and bscause of the large wakes produced by the vanss, the
velocity profile at the outlet of the vaueless elbcw was decldedly
more uniform than that of the vaned elbow at all throttle settingu.
The static-pressure drop through the carburetor and the vanelsss
elbow wae approximately 5 percent less than that through the carbu-
retor and the vaned elbow. The use of vanes in an elbow immediately
downstream from a carburetor has an adverse effect on the velocilty
distribution at the supercharger inlet.

INTRODUCTION

An intenseive investigation of the distribution of fuel and
charge air among the cylinders ls one phase of the program to improve
the power, the economy, and the cooling characteristics of radial
englnes. Nonuniform distribution of fuel and charge alr 1s-a known
cause of the spread among the cylinder-head tempeoratures. A con-
sidsrably greater pressure drop 1s required for oooling when nonuniform
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fuel distribution exlsts because the engine cooling requirements
are determined by the hottest cylinder. HNonuniform distribution
also produces an adverse effect un fuel econumy because the entlre
engins must be run with rich mixtures in order to keep the temper-
ature of the hottest cylinder witbin operating limlts.

When fuel is.1inJectod upstream frcm the impeller, it 1s carried
through the impeller by entralmment in the air stream; therefore,
distortions in the veloclty profils at the supsrcharger inlet will
probably affect the fuel distribution. The throttle position has a
pronounced effect on the fuel distribution 1in radlal englnes when
the fuel 18 injected upstream from the impeller. Thls cause of non-
uniform fuel dlistribution can be remedled by means of cylinder injec~
tion or by other metkoeds of fuel inlectlion that dv not depend on the
alr stream for carrying the fuel through the impeller.

Even when a uniform fuel distribution exlsts, a spread 1n cyl-
inder temperatures results from dirfferences In the power develored
by the varicus oylinders. This variastion may be caused by an
unequal alr distribution among the cylinders. A goneral lnvestiga-
ticn 1s belng conducted at the NACA Cleveland laboratory to deter-
mine the causes of unequal alr dlstributicn emong the cylinders of
a radial englne; there are many coatributing factors but the rela-
tive importance of each has not yet been determined. It seemed
necessary, therefore, to 1solate each of the fTactors and to study
its characteristics as fally as vossible.

The flrst ocmponents in the engine Induction system that may
cause a poor veloclty distribution at the superchasrger inlet are
the carburetor and the supercharger inlet elbow. Inasmuch as the
impeller bladse and the dlffuser vanes ac®t to prevent any mixing
and resultant equalizatlon of flow, an umequal air flnw to the oyl-
inders may result. The degrae of thls inequality of flow depends
on the intemslty of the distortion of the velocity profile at the
supercharger inlet. Tests were thorefure made to determine the
magnitude and the nature of the distortion produced by a commercial
carburetor and elbow and tc determine the efiect of changes in the
throttle settings on the flow characteristiocs.

These tests, the results of which are presented herein, were
conducted on a commercial vaned surercharger inlet elbow incorpcw
rating three turning vanes. The tests wore repeated with the vanss
removed to determine thelir effect on the flow through the elbow.
The pressure drops through the vansd and the vaneless elbow were
also determined.
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APPARATUS
" The Plow tests were made on the duct-component test rig
described in refererce 1 and shown in figure 1. Inlet alr was sup-
plied at a static prsszure of 30 inches of water above atmuepheric
preasure and was exhausted through an ontlet to the atmosrhere.
The welight fluw of alr was conbtroilied by use of a butierfly valve
aprruximatoly 40 dlameters upstream fircm the test section. A
16-mesk screcn was 1ngarsed 20 diametevs downatream tecom thic valve
to remove any flow dirturbancve proijuced by it. For the determina-
tion of the welght flow of air, a calibrated pitot-statio tube and
a therisocouple were 1nstalled at a reference station 20 diamsters
dovnstreen from the screen. The method of calibrating the pltot-
statlc tube and a description of the instrumentation sre glven in
reference 1.

An aasembly cousisting of a commercial carburetor and suner-
charger inlet elbow 1ncorporeting three turning vanes wvans first
tested. The elbew wes then modified by the removal of the vanes and
thelr supportirg rits. Figuire 2 is a photograph of the carburetor-
elbow installation showing the method of setting the thrcttle posi-
tion. As shown in figurs 1, an imneller-shaft housing extends across
the albow paseage to thes lmpeller face. In crder to sliminate a
sharp chaige in the s=ectlrn at the snd of this housing, which wculd
nct exiet in the actunl eprngine installaticn, A wocden snaft was used
a8 A continuation of tie housing to approrimately l4& inches down-
stream from the elbow outlet.

A hose wers Trovided nt station 2 for a survey to determins the
veloclty profile of tne flow entsring the carburetor. Four suveys
were taken at the elbow outlet (station 3) at a pusition corre-
sponding tc the immeller inlet. Surveys A and I were 2 inches from
the elbow center line and surveys B and C were 1/2 inch from the
elbow center line in planes parallsl to the plane of the bend. In
order to accommodate the survey tute in surveys R and C (station 3),
slots were cut in the shaft extending dowmstream from the tube.

The tube could then be passnd from one side of the shaft to the
other by rctating it 18C°.

Four bosses were also Wounted at station 4, 6 inches downstream
from station 3, for use in a supplementary test to obtain static-
Pressure surveys for compering the etatic-pressure drop through the
carburetor-elbow assembly with and without venea.
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TESTS AND CALCULATIONS

Two similar serles of tests were mads on the carburetor and
elbow assembly, with and without the elbow vanes, during ths investi-
gation of the effect of throttle sstting on the veloclty distribu-
tion at the supercharger inlet. During these tests, surveys were
teken at four locatlons across the outlet of the elbow 1n a plane
corresponding to the lmpeller entrance. One survey was taken at a
time to keep restrictions to the flow at a minimum. At sach point
in a traverse, the values of the static and the dynamlc pressures
indicated by the reference tube and the survey tube, the barcmetric
pressure, and the temperatures at the referencs and the survey sta-
tions were recorded. After each set of readings, the survey tute
was reset to the next polnt and the next set of readings was taken
until a complete survey had been made.

In order to obtaln comparable results, the static rressure at
the reference statlon was maeintained at 30 inches of water above
atmospheric pressurs 1n bothk aseries. When the throttle setting was
varied, the welgat flow and the Mach number were changed. In order
to determine the effect of the change In Mach number »n the velocilty
profile, several check runs wers made at a constant threttle setting
varying the Mach nmurber by means of the upstream thrcttle. In these
runs the Mach number hed very little affect on the velocity profile.
A veloclty survey was made at the lnlst to the carburetor at full-
oven throttle to determine the velocity profile of the flow entering
the test sectlicn.

The first series of tests was run cn a atandard vened elbow
and carburetor at carburetor throttle settings of wlde open, and
159, 30°, 459, end 55° cloged. No surveys wers taken for any throttle
position beyond. 55° closed because the flow became so small that
reliable data could not be obtalned. For the meccnd serlss of tests,
the three vanses and the supporting ribs were removed from the eltow,
and surveys were teken at the same throttle settings.

A supplemental investigatlion was made to compare the static-
pressure drop through the carburetor and the vaned elbow witi that
through the carburetor and the vaneless elbow. Surveys were taken
at staticon 4 rether than at station 3 in order to incorporate losses
resulting frcm the equalizatior of the static and the velocity
gradlents at the elbow outlet, which should be charged to the elbow.

Alr densities and velocitles were calculeted froum standari
thermodyrnamic relations. In order to sliminate the effect of smell
temporal variations in the weight flow, the velocity at each point



NACA ARR ¥o. ESG23 5

of a survey was corrected by multiplying 1t by the ratio of the
avernge velocity at the reference station to the reference velnolty
at that particular point. . :

ia e e

RESULTS AND DISCUBSION

The reesults of theme tests are presented as nondimensional
plote of V/V,, egainst 1/L where V/Vyy is thu ratic of the
volocity at a given point along the traverse to the computed aver-
age velocity at the survey station and 1/L 1s the ratio of the
distance of that point from the inside wall of the duct to the total
length of traverse of that survey.

The veloolty distribution obtained with full-opern throttle at
the entrance to the carburetor is shown in figure 3. The flow
entering the carburvtor and elbow assombly was uniform excoent that
the boundary layer at the inside of tlLe bend was aslightly thicker
than that at tho ontsildec.

The velocity distribution st the cutlet of tho vaned elbow
(fig. 4) Indlcabos that the wmrincinel result of cluslng the throttlo
is to greatly increase tho rvlative wvolocity nwar tho .inside of the
bend and to decrease 1t slightly neer the conter and the outsids.
Iven at wlde-open throttle the veclocity orofile at the iuside of
the elbow outlet is highur than that at the outslde. This phenom-
oenon is characturistic becauso of the wrossure grndicnt requiruvd to
turn the (low arcund bends. The incrcase in tho relative velocliiy
noar the inside of tho bend ~s the throttle was closcd, howoever, was
due entiroly to tho action »f the throttle. This result could do
eipected becausv, when the throttlo 1s clooirng, tho tralling edge
mevos toward the lnside of the bcad and wroduces a convergent
pessago, causing e high-voloclty Jot along the inside of the bend.
Conversely, the flow along tbke nutslde surfoce passes through a
divergent soction bensath the throttle, wilth a oconsequent decrease
in veloclty. Thoe net effect iz thus to increase the rolative
velocity at the inside of the bend and decreasu 1t at the outside.

Although the velocity proflle at the outside docreased as the
throttle was closed to an angle betweon 30° and 45%, beyond this
point the profile became highor until at 55° it was higher than that
obtalned at wide-open throttle. No definite cxplanation has been found
for thils phenomenon bocause the flow is greatly disturbed by the ¥en-
turis, tho throttle, the fixtures of tho carbturetor, the vanes, the
vane supports in the elbow, end s secondsry flow., Thils comparatively
high voloclty at the outside of the elbuw at the high throttle angles
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is apparently the result of an angularity 1n the flow induced by a
combination of these dlsturbing factors. The profiles near the
inside of the bend in surveys B and C at station 3 (figs. 4(b) and
(c)) changed with the throttle augle and a dip appeared as the
throttle waoe closed beyond approximately 25°. The appearance of
this dip was probably due to a weke created by the throttle. Sepa--
retion at higi throttle angles was noted along the surface of the
shaft nearest the lnside of the elbow 1n surveys B and C at sta-
tion 3. Examination of the elbow revealed that this flow separation
was probably caused by a mass of metal supporting the inside vane
at the surface of the shaft.

A prominent characteristic of the veloclty urofiles obtalned
at the outlet of the elbow was tre dip located benind each vane; the
location of these divs indicated that they were caused by wakes set
up by the vanes. Unpublished results of investigatlons on the use
of turning vanes in elbows have shkown that, when the flow at the
inlet 1is unif.rm, the magnitude of the wakca produced by vanes may
be reduced to a ncgligible amount by the rrover angular setting cf
the vanes; however, *this setting of the vanes wvas found to be very
critical. The carburetor thruottle setting upstreem frcm the elbow
affected the anugle of attack of the flow on the vanes and thus com-
plicated the use of venes 11. the guperchargsr inlet elbow. Though
the wakes might be reduccd to & minimum at one throttle setting by
the proper settlng of the vanes, <ther throttle settings would cause
the formation of large wakes.

Anotber requirsment Tor the promsr functicning of turning vanes
is a uniform veloclty dlstribution at the inlet to 1tLo vanes. The
offect of vanvs on fluld flow s essuntially the maintenunce of tho
seme velocity dlstrivution dc ustream from tho vunes that exists at
tho entronce to the venos. I1If thie veloclty distribution immodiately
upstream from the venes 1s distorted, this distortion will be
rotained by the vanes and will be present at the vutlet. The vanes
prevent the mixing of the flow and thus remove the means by which
veloclty dlstortions may be equal.zed. When a distorted flow exiasts
upstresm from the vances, the effect of the vanes may consuquontly be
exaoctly opposlte to that desired.

In the tests to determlne tho magniiude of flow distortion at
the elbow outlet caused by the vanes, tke reletive wvelocity noar
the inaside of the bend of the vanclees elbow (fig. 5) increased
only in the range from wido-open throttle to appreximately 35°
closed, in contrast to the continuous trend noted with the vaned
eldow (fig. 4). Beyong 350 closed the velocity decroascd until at
a throttle angle of 55°, 1t waa only slightly greater than that at
wlde-opon throttle. This reversal in trend is similar tc that found
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in flow tests of a supercharger inlet elbow reported in reference 1,
. in which thie phencmenon 1s explalned as the result of an increase
in turbulence at the high throttle angle.- Gloeing the throttle
increased the relative velocity at the inside of the bend over that
at the outside. At the same time, however, the increasingly rapid
expansion under the leadling edge of the throttle caused separatlicn
and consequent large-scele turbulence. After the throttle had been
sufficiently closed, this turbulence apparently became great enough
to lncrease the mixing of the flow, thereby causing a partial equal-
1zation of velocity across the elbow passage. Equalization did not
occur in the vaned elbow because of the actlon of the vanes 1In pre-~
venting mixing. These results, of course, apply only to installa-
tions where the carburetor has a single butterfly-type throttle in
which the throttle cloges when the downstream edge moves toward the
Ingide of the bend of the elbow. The velocity profiles in surveys A
and D at station 3 (figs. 5(a) and (d)) are somewhat different in
epite of the fact that they were taken at pousitions symmetrically
located about the center line of the elbow. This dlfference between
the two sides of the elbow may be traced to the nonsymmetrical
arrangement of the carburetor components.

Comparison of the velocity distributions obtained at the outlets
of the vaned and the vaneless elbows definitely shows that the dis-
tortton at ths outlet of the vaneless elbow was much less than that
at the outlet of the vaned elbow. In addition to decreasing the
distortion produced by the throtile, the removal of the turning vanes
in the elbow eliminated the distuortion caused by the wakes behind
the vanes. As a result, 1t wae found that even at wide-open throttle,
where the distortion due to the throttle 1s a minimum, the velcolty
distribution obtained from the vaneless elbow was better than that
obtained from the vaned elbow. Thus, the use of even amerudynamically
Perfect vanes seems inadvisable immediately downstreem from the car-~
buretor when a single butterfly-type throttle is used if a gocd
velocity distribution is desired at the supercharger inlet.

A good velocity distribution at the supercharger inlet is
desirable from twc consideraticns. Although the exact effect of the
velocity distribution on the fuel and the charge-alr distributicn
among the cylinders of a radial engine is not definitely kmown, the
symetry of the supercharger impeller and diffuser necessitates a
uniform distribution at the impeller inlet in order to insure a unl-
form distribution in the supercharger-collector outlets. The velocity
distribution at the impeller inlet may also have an adverse effect on
the supercharger efficiency. Unpublished results of investigations
show that a distorted velocity profile at tho supercharger inlet may
cause a loss in supercharger effioclency as high as 5 percent. This
effect would be especially critical at wide-open throttle where a
maximum manifold pressure is desired.
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From the surveyvs to determine the effect of vanes on the
static-preesure dron through the cerburetor and elbow, it was found
that the vanes caused a S-perceat increase 1in pressure drop over
that encountered with e vaneless elbow. This difference, however,
is not great enough to have any epprecleble effect on the manifold
pressure.

SUMMARY OF RESULTS

From teats to determine the flow characteristics of a vaned
and vaneless supercharger inlet olbow, the fullowlag results were
obtained. Tlese results appiy only to sotups in which e carburetor
with a single butterfly-type throttle 1s ussd.

l. The veloclty profile cbtained at the outlet of the vancless
olbow was tetter thnn that with the vaned elbow at all throttle
settings.

2., As tho tirottle was closed, the relative velocity near the
inside surface of the vancd-slbow outlet increased continuously,
vwiereas that at the cuteide decrocased. An additional distortion
due tc wakes behind the vanos existod at all throttlo settings.

3. The peak in the velocity proflls produced by the throttle
near tho inside surface of the outlet of thoe vaneless elbow was not
so vronounced es that of the vancd olbow. This distortion incroased
a8 the lhrotile was clored until a max*'mum was reached at a throttle
setting cf approximately 35°. As the throttle was clased boyond
this point, tke distcrtion drcroused.

4. The static-rressure dArcp thrcugh the carburetor ard vancless
o1bow was apprecximalely 5 percent less tuoen that through the carbu-
rotor and 1hke vaned elbow.

CCNCLUSIONS

When a single butterfly-type throttle is used the carburetor
throtile angle has a considsrablo elfect on tue velociiy dlstribution
at the outlet of elthsr a vancd cr = voneless supercinarger inlet ulbow.
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The use of vanes in a supercharger inlet elbow immedliately down-
stream from a carburetor prevents any thorough mixing of the flow,
.thus causing the distortion prodvced by tbe carburetor throttle to
be retalned through the &lbow. ™ - -

Alroraft Engine Research Laboratory,
National Advisory Cummittee for Aercnautics,
Cleveland, Ohio.
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