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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHRICAL NOTE NO. 1148

FLOW TESTS OF AN NACA-DESIGNED SUPERCHARGER INLET EIBCW
AND THE EFFZCTS OF VARIOUS COMPONENTS ON THE FLOW
CHARACTERTSTICS AT THE EIBCW CUTLET

By D. C. Guentert, D, J. Todd, and W. P. Simmons, Jr.

SUMMARY

An investligation was conducted on a supercharger inlet elbow
designed by the NACA to have a unlform velocity distribution at the
outles with & minimun pressure loss through the bend. The effects
of a vane, installed normael to the plane of the bend, an impeller-
shaft housing, and the combination of the two on the oubtlet-velocity
digtribution and the total pressure drop through the elbow were
determined. In addition, the effect of strsemlining the impeller- A
shaft houslng and the effect of carburetor-throttle position on the
flow characteristics at the elbow outlet were investlgated. ' T

The results showed that the outlet-velocity profile was uniform
and the total-pressvre-~drop factor of the elbow was approximately 0.05
at a Msch number of 0,28 as compared with 0.5 for the best conventional
elbow previously tested. The addition of the vane In the elbow without
the housing and carburetor improved the outlet-velocity distribution
and lowered the total-pressure-drop factor of the elbow from approxi-
mately 0.05 to 0.03 at a Mach number of 0.28, The Instsllation of the
impeller-shaft housing in the elbow without the vane and carburetor
slightly distorted the outlet-velocity profile and caused an increase
in the total-pressure-drop factor from approximately 0.05 to 0.08 at s
Mach number of 0,28, Streamlining the shaft housing somewhat reduced
this flow dlsturbance. The addition of the vane to the elbow with the
streamlined housing and without the carburetor improved the outlet-
volocity profile but lncreased the totel-pressure-drop factor of the
elbow from approximately 0,08 to 0.1 at a Mach numrber of 0.,28. The
distortion caused by the throttle continuously increased as the throtitle
was cloged from the full-open position. The additlon of the vane in
the carburetor-elbow assembly had a detrimental effect upon the outlet~
veloclity profile. S



2 NACA TN No. 1148

INTRODUCTION : : -

As a result of the Gewmand for incroasing the power and economy
of alrcraft engines, an intensive study to improve the over-all
supercharger performance and the dlstribution of the fuel and charge
air to the cylinders is belng cunducted by the NACA Cleveland labo-
ratory. An Important phase of this study is concerned with the
offect of the supercharger Inlet elbow on the over-all performance
of the engine. A poorly designed inlst elbow will prcduce a dis-
torted veloeity profils at the impeller inlet end will have a high
prsesure loss. A disterted veloclity profile at the impoller will
not only lower the supercharger sfficiency but, because tho Ilmpeliler
blades and diffuser vanes tond to pravent mixing and a resultant
equalization of flow, the distortsd velocity profile may result in
poor distribution of the fucl and charge air among the cylinders of
radlal alrcraft englnes. Tue pressurc loss through the elbow 1s
importent in considering engine power because 1t will, in offoct,
lower the manifold pressure by &n amount equal to the product of
the inlet-elbow pressurs loss and ths supsrcharger pressure ratio.

In an effort to obtualn an inlet elvow with a uniform velocity
distribution at the outlet anil wlth a minimum pressure losa through
tho bend, a set of dsslign arinciples was asssmbled by the Comoreasor
and Turbine Research Diviasicn. By the use of these principles, a
gupercharger inlet elbow wae designed within the limitations on the
shape of the inlet and outlet, tho size, and the axlal length imposed
cn an glbow for a convenxional radial aircraft engine. ZProvisions
wero mado for a atreamlined impellsr-ghaft housing and a removable
vane that followed the center line of the pagsege and was perpendic-
ular to the plane of the bend. '

Flow tests were conducted on this elbow to determine the
effectiveness of the design rrincipless in producing an elbow with
good flow distribution at the cutlet end a low pressure loss. Tests

wore also made to determines the effect of carburetor throttle setting

on thae outlet velocity distribution. A final serles of surveys was
made to determine the effect of etreamlining the Lhousing oun the
veloclty profile at the elbow cutlet.

NACA~DESIGINED SUPERCHARGER INUET ELBOW
Principles of NACA Deslgn

A gtatlc-nressure gradient ecross the flow path is necessary
to2 provide the f.rce normal to the air stream required to turn tne
flow around a bend. This pressure grailent does not equalize for
an appreclable distance downstream of the elbow because the turning
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of the air stream is not completed at the elbow outlet. A distorted
velucity distribubtlion will therefore exist at the elbow outlet with
high velocity fiow at the inside of the bend and low velocity flow
at the outside. In order to minimize the pressure gradient with

its resultant velocity distortion, a large radius of curvature of
the flow path is desirable. Insgtallation limits on axial length,
however, severely restrlict the permissible radius.

Another effect of the formatlon of the pressure gradient across
the flow path is the formaticn cf adverse pressure gradients along
the flow path. In order to form the pressure gradlient across the
flow peth that ls required to turn the fiow, the static pressure
along the outsids surface of the bend, in an slbow of constant cross
section, must incroase from the initiel value upstream of the bend
to a maxinum at the point where the curvature of the air stream is
greatest anl then decrease to the downstream value. Conversely,
the static pressure along the inside surface must first decrease
from the upstream value to a minimum st the point whure the curvature
of the air streeam is greatest and then increase to the downstream
value. Thus, 1t can be seen that proessurs gradiente in opposition
to the flow are set up in two regions along the elbow boundaries.

If thess adverse pressurs gradlents are sufficient to overcoms the
momentum of the alr stream in the boundary layer, flow secpardtion
and possible backflow will result with their consequent losses and
detrimental effect on the outlet veloclty »rofile. Ik ie possible,
by using a passage of high aspect ratio (ratio of width to thicknoss),
to reduce thess pressurc gradients because the decreassd distancs
between the inelde and outside walls results in & smaller pressure
differential across the flow passage. In eddition, in a high-aspect-
ratlioc olbow the secondary flow losses are reduced by the naburdl
restriction of this flow t~ the relatively small regions along the
sides of the passage (referencc 1, pp. 84-87). In supercharger
inlet elbows a high astect ratio 1s generally possible at the elbow

inlet because of the shape of the carburetor fiange. As thé 3hape
of the elbow outlet is determincd by the geametry of the super-
chargsr, the use of a high aspect ratio through the entire bend is
prohibited, Thorefore, in ord.r to take adventage of the benefits
that can be dorived from the use of a high-aspect-ratio passage,
it is desirabls that a maximum part of the bending take place near
the carburetor outlet.

The adverse pregsure gradient along the outslds surface of the
bend near the inlet is not critical because the increased radius of
curvature and increased path length result in a reduced velocity
gradisnt along the outseide surface. The action of secondary flow is
of benefit in preventing the tnickening of the boundary layer at
the outside surface. The adverse pressure gradient existing at the

ineide surface near the outlet of the bend, however, is very oritical
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because of the action of ths sscondery flow in thlckening tke bound-
ary layer in this reglon. A sufficient reduction in flow erea from
the ln.et to the outlet uf the elbow makes it pussible, by properly
proportioning the area change through the elbow, to decrease the
average 3tabic pressure emough to compensate fur this increase in
pressure ocditeing along the inside surface of the bend.

Prrovisions were made for several modificatlione. of the elbow
which would enable it to be used for either an in-line or a couven-
tional radial aircraft engine. These midifications consisted of a
vane and tw> designs of impeller drive-~shaft housings.

Apnlication of the NACA-Design Pr.nciples

A fsirly large area reductlion was avallable thr-ough the elibow,
which had an inlet with an aspect ratlo of approximately 3.2 and an
area of 0.377 square fcot and a round outlet with an arsa of 0.235
square foobt. A perspoactive cutaway illustration showing the
carburetor-elbov agsembly with the vane and streamlined housing
ingtalled is prasented In flilgure 1.

The profile of the inside wall of the bend, being the most
critical, was ‘the first elewent of the slbow demign to be lald out.
This surface was so Bhaped tiwmt the redius of curvature rapldly
decreased from the stralzht section at the inlet and then gradually
increased to the stralght ssction at the ocutlet. Thus, most of the
bend ing took place in the high-aspect-ratlo reglon near the inlet
and no sharp charge in curvature cccurred in the critical region
near the outlet of the bend. Tre profile of the outside wall wasg
cbtained by fairing a amooth curve between the inlet and outlut of
the elbow. The arca variation between the elbow irlet and outlet of
sectlons normal to the center lins of tha bend was assumed. From
the assuned area variation and a plot of the potsntial flow stream-
lines through the passege (reference 1, 1. 22); the veloacity and the
static-prossure gradlents along the Ineide and outside surfaces wore
obtained. On the basis of this information, the arsa variation
through the passages was modifled in order to slimirate the regions
along the inside of the bend whers a velncity decrease or a pressure
increasge vccurred, whlle insuring that no sharp change in curvaturs
occurred in the plane normal to the plane of the bemd. It was found
that all of the reglons where a velocity decrease cccurred could be
eliminated from the critical inside surface excent fur a ghort dis-
tance at the outlet whers the rate cf change of area must be zero
to avoid any critical change of section at the impeller inlet.
Deteaile of the final elbow passage are shown in figure 2. The areas
glven in the table are for the elbcw passags without the vene or
housing installed. '
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The external dimenseions of the elbow are such that 1t may be
usged in either en in-line or a radial engine. In a conventlonal
radial aircraft engine, the lmpelier-shaft housing oxtends across
the passage two the face of the Impelier; therofore a streamlined
housing (fig. 1) was made for the elbow to simulate this condition.
A round housing was also made to determine the effect of the stream-
lining on the velocity profile at the elbow outlet. A shayrp change
in section st the end of this housling, which would not exist in an
actual engine installation, was eliminated by continuing the housing
to a point approxiwmately 14 inches downstream of the elbow outlet.

The effect of a single splitter-type vane on the flow through
the elbow was determined by installing a vane (fig. 1) that Ffollowed
the center lins of the passage Eerpendicular to the plans of the

bend. This vane extends fram 13 inches upstream of the initial
point of bending to the elbow outlet and was so designed that it

could be removed without altering the interior surface of the
elbow.

TEST APPARATUS

4 schematic dlagram of the duct-camponent test rig used for
the flow investigations of the elbow and the carburetor-sibow
asgembly is shown in figure 3., The alr was supplied to the test

section of the rig through a lZ%-iﬁch ingide-diameter duct and

transition section. A straight sectlion of duct was placed between
the transition section and the unit being teasted to allow any
valocity distortions produced by the transitlon section to be dis-
slpated before entering the test unit. The air wad exhausted to
the atmosphere through a stralght duct of the same cross section
and area as the outlet of the elbow. T S

Alr was suppiled at 40 inches of water above atmospheric pres-
sure., The welght flow of alr was controlled by a butterfly valve
located approximately 40 diamsters upstream of the test sectlon and
was measured with a calibrated pitot-static tube at the reference
station immedlately upstream of the test section., Tke method of

calibrating the pitot-static tube and a complete description of the

instrumentation sre given in reference 2.

Veloclity surveys were teken, one at a time, at the three survey
gtaticns shown in figure 3. Surveys A, B, and C at station 2 were
maede to determline the velocity profile of the flow entering the unit
being tested. Surveys A, B, C, and D were taken at the elbow outlet
(station 3) and 6 inches downstream of the elbow outlet (station 4).
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At these -two stations gurveys A and D wereg 2 lInches from the elbow
center line and surveys B and C were l/Z-inch.from the center line
in planes parallel to the plane of the bend. The survey tube in
surveys B and C were accommodated by cutting slote in the housing
extending downstream of the plane of survey.

TESTS AND CALCULATIONS

A complete series of tests at a constant mass flow of air wes
conducted on the elbow alohe, on the elbow with the vane, on the
elbow with the housing, and on the elbow with both the vane and
housing. Two serlea of tests were alsc run to determine the effect
of carburetor throttle setting on the outlet velacity profile. 1In
the first serles, the housing alone was installed in the elbow and
In the second series both the housing and the vane were used. A
final serise of four surveys was taken at the full-open carburetor
throttle pogition with a round housing in place of the streamlined
one and without the vane to determine the effect of streamlining
the housing on the veloclty dietributlon at the elbow outlet.
Velocity surveys for the elbow without the carburetor were taken at
stations 2, 3, and 4 (fig.-3). Other surveys were taken to determine
the effsct of volume flow on the total pressure drop through the
glbow.

The tests to dotermine the effect of the carburctor throttle
positlion on the velocity proflle were run with the statlic presaure
at statlon 1 maintained at 30 inches of water above atmospheric
pressure. The surveys at station 3 were taken with the carburetor
throttles set at full open and at 15o 30O 45%, and 559 cloeed.

No surveys were teken for any throttle angles beyond 550 closed
because the flow becams so small that reliasble data could not be
obtained.

The benefits in the flow distribution at the elbow outlet pro-
duced by streamlining the shaft housing wers measured by replacing
the streamlined housing with the round one and determining the
resulting velocity profile. Four surveys at statlon 3 werae taken
with the carburetor throttle full open and with the static pressure
at station 1 maintained at 30 inches of water above atmospherlc
pressure.

The results of the veloclty-distribution surveys are presented
as nondimensional plats of V/V,, agalnst 1/I where V/Vyy 1s
the ratio of the velacity at a given point to the average veloclty
computed from the welght flow, the area, and the average density pgy
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at the survey station and 1/I. is the ratio of the distance of that
point from the inside wall of the duct to tne total leng+h of the
traverse of that survey. TToTTIT

The pressure-drop data for the elbow without the carburetor
are presented as a nondimensional ratlo of the total pressure drop
between stations 2 and 4 to the average dynamic pressure at sta-
tion 4. A definits static pressure and velocity gradient existed
at station 3 end the pressure loas due to the egualization of these
gradients shonuld be charged to the slbaw. As this static-pressurs
gradient was very nearly equalized ahead of station™4 and as the
pressure lose due to wall friction was coneidered nsgiiglble in the
6 inches between statlions 3 and 4, the tobal pressure loss through
the elbow was taken as the total pressure drop between stations 2
end 4. The total pressure at each station was determined from the
sum of the static pressure and the average dynamic pressure qav
where

L (

- )2
Qavy = 5 Pav

v&?‘

The velocitles encountered during the tests were low enough
to assume incompressible flow. The difference betwean the total
pressures at stations 2 and 4 (APTZ 4) 4ivided by the average dynamic
. pressure at station 4 (q4) resulted in the total pressure-drop
Tfactor APpo_s/a4 for the elbow.

EFFECT OF VANE AND STREAMLINED IMPELLER-SHAFT HOUSIKG
ON FLOW THROUGH NACA ELBOW WITHOUT CARBURETCOR

The velocity profile obteined at station 2 is shown in figure 4
and is representative of the flow entering the elbow for all the testa
without the carburetor. The flow was uniform and had a typical "
fturbnlent-velocity profils. Ll L e

Elbow alone. - Surveys A, B, C, and D taken at atation 3 are
presented in figure 5(a) and show that a fairly uniform velocity
profile with no separation existas at thie station. The higher
values of V/Vév in the velocity profile obtained near the inside
of the bend are dus to the pressure gradient bullt up in turnling the
air stream. The veloclty profile at station 4 is presented in
figure 5(b). Although a small velocity distortion exists along the
inside wall of the bend due to the adverse pressure gradient
existing along the wall, the velocity rrofile is wery flat and
regular and no separation was observed.
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Elbow with vane. -~ The surveys at station 3 (fig. 6(a)) show .
that, with the exception of the wake behind the vane, a very uniform
velooclty profile with no separation existe at thls station. The
effect of the vane was to dlvide the elbow into two passages, each
of high aspect ratio and each turmning approximately one-half the
air stream. The characteristic peek in the velocity profile near -
the inelde of the bend was present in both halves of the elbow. -
The maximum spread between the high-veloclty point at the inside —
of the bend and the low-velocity point &t the outslde of the bend
was reduced from approximately 25 nercent for the elbow alone to
approximatel? 12 percent for the elbow with the-yane. At statlion 4

most of the{wake of the vane has been digsipated/and, except for a
slight distortion at the inside of the bend at surveys B and C, a
very uniform velocity distribution was obtained (fig. 6(b)). -

Elbow with streamlined Impeller-shaft housing. - The effect
of the housing on the velocity profile at station 3 is shown by
gurveys A, B, C, and D (fig. 7(a)). Surveys A and D are gimilar
to those obtained with the elbow alone (fig. 5(a)) except that the
velocities are slightly higher at the inside of the bend and
slightly lower at the outside. The relative veloclty of the flow
between the housing and the outside wall of the bend at surveys B
and C rapidly drops off and is lower than that obtained from the
elbow without the housing. At station 4, the velocity distortions -
found at station 3 have been nearly eliminated (fig. 7(b)). Con-
siderable distortion, however, occurs in the flow between the
ineide wall and the housing.

Elbow with vene and streamlined impeller-shaft housing.'- The
veloclty profile at station 3 with the vane and housing installed
is shown in figure 8(a). Surveys A and D are simllar to those
obtained with the elbow and vane (fig. 6(a)) except that survey D
is slightly higher. In addltion; the wake caused by the vane has
been greatly reduced. This reduction la due to the decreased
boundary-laysr thicknese of the higher veloclty air caused by the
presence of the housing In the passage. The velocity profille is
fairly flat acrose the duct 6 inches downstream of the elbow out-
let at surveys A and D and between the housing and ocutside wall at
surveys B and C (fig. 8(b)). Between the housing and the inside of
the bend, however, there is a large distortion similar to that
obtained in the test of the elbow with the housing alone (fig. 7(b)).

Outlet veloclty distribution of conventional elbow used to
determine limiting dimensions of NACA supercharger inlet elbow. - As
& basis for comparison, the outlet-veloclty profile obtained from '
the conventional elbow, the limiting dimensions of which were taken
a8 a basis for the design of the NACA albow, is presented in fig-
ure 9. The profile is very distorted, with a large wake behind each ‘
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of the three vanes and considerable distortion between the impeller—
gshaft housing and both the inside and outside walls.

Total-pressure-drop factor. -~ In figure 10 the variation in
total-pressure-drop factor of the alr stream APpp.4/q4 with volume

flow, expressed in terms of Mach numwber at station 4 My, 1s pre-
sented for the four conditions at which the NACA elbow was tested
without a carburetor. For comparison, the pressure-drop factor for
the conventional elbow having the lowset pressure logs of several
conventional elbows which had been previously tested 1s also given
in figure 10. The pressure~drop factor of thils elbow 1is approxi-
mately 5 times greater than that of the NACA elbow. Imsufficient
data were avallable to obtain a curve of the pressure-drop factor
for the conventlonal elbow, the dimensions of which were used to
determine the limitations on the shape of inlet and outlet, the
size, and the axial length of the NACA elbow. The 1imited data o
avallable, however, indicated that the pressure-drop curve for this
elbow would be considersbly higher than the curve for the best con-
ventional elbow previously tested.

The lowest total pressure drop was obtained with the vane and
without the housing mounted in the slbow. Although the skin fric-
tion increased due to the addition of the vane in the elbow, the
improvement in the velocity profile wilth the consequent descrease in
mixing losses is grealt encugh tc result in a lower pressure drop
through the elbow when the vane is used. The addition of the housing
causes a considerable decrease in the area at the elbow outlet with
resultant higher veloclties and s higher total pressure loss. In
addition, the presence of the housing greatly lncrsases the turbu-
lence and mixing losses through the elbow. The highest total-
pressure-drop factor was obtained with both the vane and the housing
in the elbow. In this case, the vane forces a greater amount of the
alr stream around the base of the housing. The comnseduent increase
in the turbulence and mixing losses therefore results in a greater
pressure drop than 1s encountered with the housing alons.

.

EFFECT OF CARBURETOR~-THROTTLE POSITION ON FLOW
CHARACTERISTICS AT ELBOW CUTLET

During the investigation to determine the effect of the
carburetor-throttle position on the flow through the bend, the NACA
elbow was tested with the streamlined housing and with both the
streamlined housing and the vane. The veloclty profile obtalned
at the entrance to the carburstor at full-open throttle is shown
in figure 11. The flow entering the carburetor-elbow assembly was
falrly uniform except that the velocity was slightly greater at
the outside of the bend than at the inside. -
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Elbow with streamlined impellsr-shaft housing. ~ At full-open
throttle, the velocity distribution at the outlet of the carburetor-
elbow assembly with the housing installed was uniform, although the
velocity ratio V/Vév at the ingide of the bend was slightly higher
than at the outside (fig. 12). Comparison of figure 12 with fig-
ure 7(a) shows that the outlet profile obtained at full-open throttle
wag vory similar to that obtained with no carburetor. The principal
effect of closing the throttle from full open to the 30° pesition
vaa to Increase the velocity ratio at the inside of the bend and to
decrease the veloclty ratic at the outside. The ilncrease in the
veloclty ratio near the inside of the bend ss the throttle was
closed was antirely due to the effect of the carburetor throttle
on the flow. As the throttle closes, the trailing sdge moves toward
the inslde of the bend and produces a convergent passage, causing a
high veloclity Jet along the inside of the bend. Conversely, the
flow along the outside surface passes through a divergent section
beneath the throttle, with a consequent decrease in velocity. Thus,
the net effect of closing the throttle ie to increase the relative
velocity at the inside of the bend and decrease it at the outside.

As the throttle is closef beyond the 30° poaition, ths velocity
profile at the inside of the bend becomes very dletortsd. In addi-
tion, the average velocity ratio near the inside of the bend decreases
and at the outside of the bend it increases. This reversal in trend
is similar to that found in the flow teats of the supercharger inlet
elbow reported in reference 2. It is aprzarent from these tests and
the tests reported in reference 2 that the use of a carburetor with
gingle butterfly-type throttles immediately upstream of an elbow will
have a detrimental effect on the velocity profile at the elbow outlet.

Elbow with streamlined impeller-sghaft housing and vane. - In the
tests to detsrmine the effect of the carburetor throttle setting on
the velocity profile at the outlet of the elbow with the vare and
housing (fig. 13), the relative velocity near the inside of the bend
increased as the throttle was moved from the full-open to the 30°
position. Closlng the throttle further produced the same reversal
of trend thet was found in the tests of the elbow with the housing
alone (fig. 12). At the higher throttle angles, the wveloclty profile
at the inside of the bend became very distorted and the average
veloclty decreased, whereas at ths outside of the bend the average
veloclity increased.

The vesloclty distortion at the outlet of the elbow with the
housing is much less for all throttle angles tested (except full
open) than at the outlet of the elbow with bath the housing and the
vene., The vane not only produces a waks at the impeller inlet but
alego tends to retain through the elbow any veloclty dilstortion
created by the carburetor throttle. "Thus, it is apparent that the
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vane has a detrimental effect if a carburetor with single butterfly-
type throttles 1s locgbed directly upetream of the elbow,

A comparison of the effect of round and streamlined irpellier-
shaft housing. ~ The velocity profile at the outlet of the elbow
without the vane and with the round impeller-shaft housing installed
in place of the streamlined housing is presented in Filgure 14(a).

From these curves it can be seen that a region of low-veloclty flow
exigts immedietely behlind +ue houming., A comparison of these curves
with those obtained with the streamlined housing installed (fig. 14(b))
shows that streamlining the housing eliminates this region of low-
veloclty flow and produces a more uniform profile at the im@eller
inlet,

SUMMARY OF RESULTS

The results of flow tests to determine the effect of a vane
and two different shares of lmpeller-shaft housings on the outlet-
velaclty distribution and the total pressure drop of an NACA-deasignsd
supercharger inlet elbow, and the effect of the carburetor on tne
outlet-veloclty profile of the elbOW'were as follows: -

1. A falrly unlform velocity profile existed at ths outlet of
the NACA slbow witlhoul the vanse, the housing, or the cerburetor; the
pressurs-drop factor for the e_bow wes appiroximetely 0.05 at a Mach
number of J0.28, as compersd with 0.5 for the best of several conven-
tional elbows previously tested,

2. The addition of the vane to the slbow without the housing and
the carburetor improved the outlet~velocity distribution and lowered
the total-pressuvre-drop factor of the e;bsw frdm.approximately 0.05 to
G.03 at a Mach nunber of 0.28,

3. The addition of a streamlined impelleér-shaft housing to the
elbow wlthout the vane and the carburetor slightly distorted the
outlet-velacity profile and caused a small increase in the tokal-~
pregssure~drop factor of the elbow from apprcximately 0,05 o 0,08 at
a Mach number c¢f 0.28.

4, The addition of the vane to the elbow with the housing and
without the carburetor impruved the outlet-velocity distribution but
increased the totel-pressure-dron factor of the elbow from approxi-
mately 0,08 to 0.1 at & Mack number of 0.28, :

S. The distortion of the velocity profile at the outlet of the
elbow continuously increased as the carburetar throttle was closed
from the full-open position. -
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6. The addition of the vane to the carburetor-elbow assembly
resulted in a more digtorted outlet-velocity profile because the
vane tended to re%tain through the elbow the distorted flow at the
carburetor outlet.

7. Streamlining the impeller-drive-shaft housing eliminated the
repion Of low velocity fiow found between the round housing and the
outside wall. e

CONCLUSION

If a relatively uniform fliow exigts at the inlet, a supercharger
inlet elbow having a very low pressure loss and a rvelatlvely uniform
outlet-veloclty nrofilile can be designed by applying the NACA design
principles and by taling advantage of the relatively high aspect
ratio at the inlet and the ares decrease through the elbow, which are
avellable in most conventional installatioms.

Alrcreft Engine Research Laboratory,
National Advisory Cammittee for Asronautlcs,
Cleveland, Ohio, April 5, 1946. -
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Fig. 4 : NACA TN No. 1148
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NACA TN No. 1148 Fig. 9

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

1.4

14 Housing -— \

t.2

1. +g ;
4

>

o

>
R

° ° +
= 5

cu a

- - \

> °

- -

R

% ) E Vane\-‘r

> -

Survey

 a— - / 2 B ide of bend- {
Z R K
|'.51’.:‘!'.!101\ 3 . L_]_nl.t E%

0 2 .4 i.0
Distance ratio, "/L

Figure 9. — Velocity profiie at outlet of conventional elbow used to
determine timiting dimensions of NACA elbow. No carburetor.



Fig. 10

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

NACA TN No.

148

O  NACA - without vane and housing
+  NACA - with vane and without housing
1  NACA - with housing and without vane
A NACA - with vane and housing
{ Conventional elbow

>

3 6

S

?: o ~ P

~ <

2

G -4

pri

1]

@

[

Q

o

1™

°

[}

¢ .2

2

[’

(%]

@

- d

(-3

2 Q { -

« Y o L0 __+_____’1'-

- -l +

.2 2 ® 4 | e f

.16 X .24 .28 .32 . 36

Figure 10. - variation of total-pressure~drop factor with Mach number for

Mach number at station 4, My

conventional elbow and NACA-designed el bow.



NACA TN No. 1148 ) . Fig. 11

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
1.2
_49__c~<a-<>-<>—<>F<>-1>_o
1.0 -3 “’K
.8 j
2|1
>«1
>
3
=]
g .6
b S
b
o
2
S
4] T
]
£
G
©
1]
©
[}
.21 £
(¢ .2 .4 6 .8 1.0

Distance ratio, Z/L

Figure Iil. ~ Velocity profile at carburetor infet. Station 2;
throttle, full-open; survey B.



Fig. 12

NACA TN No.

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

1148

.4
1.8
1.0
Housing
3
2 z
5 kd
4 - 5
2 3
E z
2= —
>
>‘
=
P
;2 (a) Survey A. (b} Survey B.
W
2z
‘g
o
@
= N
1.2
t
- N
1.0
floug {ng f
| [of
.8 ? R
4
]
y Throttie angle A
O Full open
b -3 + 15° closed
g H O 30° closed
A2 - A 459 closed
° o O 550 closed
O h-J
-l 9
F 2
2=
[+ ¥ .4 .6 . 1.0 ¢ ’ .2 4 .6 K: 1.0
Oistance ratio, 7/L
{c) Survey C. (d) Survey D.
of carburetor-throttie angle on velocity profile at outiet of elbow with streamlined impelier-

Figure 12. - Effecgt

shaft housing.

ation 3,



NACA TN No. 1148 Fig. 13
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