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WIND UIF“L INVESTIGATION OF CARBURETOR-AIR INLETS

By W..J.:Nelson and K. R, Czarnecki

‘

THTRODYCTION

An investigation of the internal and external air-
flow characteristics of carburetor-air inlets for liquid-
coolul engine installations; has been conducted in the

4CA fullescale wind tunnel, :Increased. airplane spceds.
and higher operational altitudes have augmentcd the diffi-
cultics 4An the design of air inlets that.are efficient
over the entire flight range. . Eff jcient inlets provide a
uniform velocity distribution at the carburetor metering
venturi with blgh ramm1nb p*e°sure and a low external drag.

' Lull—sca1e moaels of two reprecenuat1VO pursuit aire
planes were used in the investigation of nine carburetor-
2ir inlets differing in, shape, size, and location. ~The
inlet positions were conflned to the forward section of. .
the, fuselage, - The. effects of propeller opuratlon on the
inlct characteristics were dotermined for most..of $he.tnme
stallations. Measurements of velocity distribution, ram,
and drag. were made at air gquantities and angles of attack
corresponding to a wide range of flight conditions fiop
each of thesc inlcts. - 3 .

LAPPARLTUS AWD TESTS

L ‘description of the NACA full-scale wind tunnel and
balance used for these tests is given in refergnce 1.  The
models were mounted in the test section as shown 'in fige
ure: 1, The principal dimensions of the models are given
in figures 2 and 3. & l0-foot-diameter propeller, fitted

L with cuffs (fig. 4), and driven by an electric motor was
Lsed on model A to.determine the effect of the slipstiream.

The duct system ahead of the nominal carbdburetor loca-
tion was made in two sections; one section formed the in
let and the diffuser and the other contained the bend and
the connection with the carburetor flange. Changes in the
installation during the tests were confined to the inlet
and the aiffuser. (See figs. 5 to-16,)  All the-scoops
were of conventional design cxcept scoop 5, which twisted
go that -the inlet waS'alined with the direction- of the
slipstream in the high~spced condition. ;



Since no engine was provided in these models, it was
necessary to add a duct replacing the carburetor to pro-
vide an adjustable outlet with which to control the air
flow through the installagtion. The duet installation in
model A 1s shown by an isometric drawing in figure 16;
in figures 17 and 18 the details of the bends ahead of the
cagrburetor are given for both models.

The increment of drag added by each duct installation
was determined from the difference between force measure-
ments on the bare nodel and on the model with the carburetor-
air system installed. These tests were made over a range
of 1ift coefficients from ~0,2 to 0.5 at tunnel speeds of
63 and 100 miles per hour.

The velocity distribution and the ramming pressure at
the carburetor were obtained from measurements of total
anl static pressure at the flange location shown in figure
16, 4 grid of 29 total- and static-pressure tubes of 1/16-
inch diameter was placed in the outlct to provide data for
.the calculations of internal drag and air quantity. The
static-precssure measurements roquircd for the determina-
bion 0i  Lhel'eritieal lMach number on the uppertlip (table
I) of cach of the inlects and at the scoop-fusclage fillets
of scoop 5 were obtained by mcans of,l/Sz—inch-diamoter
"orifices installed flush with thoc surfaces.

: Powor ~on tests wore made undor conditions simulating
hlgh— speed..and’ climbing flight to determine tho effect of
the slipstrcam on the available ramming prossurc, the inlet
velocity, and the surfacc pressurcs. At the high-spced
Ld fercopffdclieont of OVl cstimated for the aixyplanoc
equipped with a lBOu-horvcvowor engine, tho nropollcr blade
angle and V/nD werce caleulatod to be 60° and 2,90; ro-
spaetlively., In tho elimd - .condition, for a 1lift cocff cicnt
offi 045,.the calculatcd bladc angle and V/nD werc 40 and
1;Qz Phe- test airspceds corrcsponding .to.the high-speed
ands elind conditlions worc 6» and 45 milés per hour, rospec-
tively. - i b i -

'SYUBOQLS

AQDQ'incromont of drag cocfficicnt duc tolscoop

Co palculot”d 1nﬂromVnt of arag, cooff1c1cnt duc to ex~ °

: tvrnaW \ra” - :

CD : Qalcuiatoa inerement of drag cocfficicnt:duc:to ine
i ternal. drag’ . )
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CL 1et coefficient

S wing ares

Hg total pressure at carburetor position
H0 freewstrean total pressure

P surface pressure

q local dynanic pressure

0 free-strean dynanic pressure

Va inlet velocity

¥ freewstrean velocilty

Q air quantity

Me eritical Mach nunbdber

&~ ancle of attack

B propeller blade setting at 0,75 radius
D propeller dianeter

n speed of propeller rotation

T propeller thrust

T, thrust coefficient (T/pV, D)
RESULTS AID DISCUSSION

A typical set of tuft observations mnade at the entrance
of scoop & and presented in figure 19 i1llustrates the ine
portance of the inlet-velocity ratio Vyi/V, as a fundanen-
tal paraneter in the inlet design. The tuft observations
at the low value of V3/V, = 0,21 show that the boundary

layer at the center of the scoop separates from the fusew
lage, resulting in the forration of a thick layer of eddy-
ing flow at the botton of the inlet which upsetg the naln
flow into the duct, Boundary-layer separation at the inlet



. . r 2
occurs when the inlet static pressure q, [1 = (V4/V,)7]

excocds thce total pressurc of the fluid in the boundary
layer approaching the inlet. The pressurc at the inle$
varics from stagnation pressure at an inlet-velocity ratio
of zero to stream static pressure at an inlet-velocity
ratio of 1400{ The dependency of boundary-layer separa-
tion on the inlet-velocity ratio is shown in figures 19(Db)
and 19(¢) in which, for 7V4/V, = 0.36, thc pressurc rise
at the inlet was insufficient to cause large—scale separa-
tion andy for V3/V, = 0.53, the boundary layer entered
the scoop with no indication of unstable flow.

Although the inlet-velocity ratio is onc of the most
fundamental inlet parameters, direct comparison of the
various scoops cannot be made on this basis alone. Lt a2
given Vi/VO a larger air quantity enters the larger ine
lets and, conscquently, the duct losscs, which are primari-
ly a function of internal dynamic pressure, are hizher.

The parameter Q/Vo, in which Q 4is the air~flow volume,
provides a basis for comparison of the duct installations
as a function of the air-flow quantity.

Lir Flow and Ram

Contours of total pressure (figs. 20 to 26) at the
flange location are given for all the installations test=-
ed to facilitate the visualization of the air. flow at the-
carburetor, The average value of the total pressure at
the carburetor is the ramming pressure, which is given as
a percentage of the free-stream dynamic pressure. Since

he static pressure was uniform in most of the tests, the
contours also approximately indicate the velocity distri-
bution at the metering venturi. The ram obtained with the
better scoops on airplane A& was consistently lower than
that obtained with similar scoops on airplane B, as a
result of the higher btend losses that occurred at the ab-
rupt duct bend on airplane 4, as compared with those
caused by the larger radius bend on sirplame B (figs.

2P endt1e)s

The total-pressure distribution, which was essential=
1y uniform for all the protruding scoops at low inlet-
v&locity ratios, became increasingly irregular at higher
values of V3/V,. The uniformity of flow at very low-
flow ratios is due to mixing in the diffuser as a result
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of a turbulent condition at the inlet and to the low losses
at the duct bend. At inlet-velocity ratios below about
0,30, the desirable flow uniformity is accompanied by an
undesirable loss of ram owing to the flow breakdown at the
duct inlet. TFor larger values of the inlet=velocity ratio
from approximately 0.30 to 0,50, optimum over-all perform-
ance of the scoop is attained with a uniform velocity dis-
tribution at the carburetor and maximum ramming pressure.

As the flow through the carburetor system is increased
with greater values of V3/V, and Q/V,, the duct bend
losses become larger, tending to decrease both the flow
uniformity and the available ram, At the bend the greater
part of the energy losses occur on the inner side of the
turn because of sevaration of flow around the small inner
radius. This effect is shown for scoop 1 (fig. 20) at a
V;/V, value of 1,13 and a Q/V, value of 0.16. The pres-
sure available bechind the inside of the turn was about 20
percent less than at the outside of the turn, and the ave
erage ram was 78.5 percent gq, as compared with 91.5 per-
cent q, for a flow ratio of 0,05, The samec effects are
clearly shown in figures 21 to 24.

An analysis of the source of the loss of ram is made
in figure 27, in which the pressure in the carburetor has
becn plotted against V3/Vy for inlets 1, 3, 4, and 5.
Because of difference in inlet area, the flow quantities
at the same inlet-velocity ratios for the several scoops
aecrdifrorent .

Those data all show thc characteristic decrease in
ranm with increasing inlet-velocity ratio with the effect
accentuated for the large—area inlct scoops. In the analy-
sis of thc data it was assumcd that thc losses in the bend
werc proportional to the local dynamic pressure and, based
on studics of bends, it was estimatcd that the loss in the
case of the abrupt bend in model A would bec 40 percent g.

The bend losses, calculated on the forcgoing assump-
tion, arc shown in figurec 27. It will be noted that, for
thoe high-flow quantity, the bend loss accounts for a large
part of the total loss in ram with a smallecr, morc necarly

constant amount causcd by the boundary-laycr and duct losscs.

At vory low inlet-vclocity ratios the bend losscs arc small
and, as previously mcntioned, the low ram is due to scpara-
tion at the inlct, The extent of the dissymmetry occurring
at the carburetor for the high flow ratios will largely de-



pend on the efficiency of the bend., The results indicate
that in high-altitude flight, for which case the duct vew-
locities may become high, extreme care must De exercised
in the design of the duct to avoid large losses in ram
and ‘loss'in flow uniformity.

The data obtained on scoops 6, 7, and 8, tested on
moéel B, are of varticular interest in demonstrating the
effect of the inlet position with reference to the fuse-
lage surface. Scoop 6 was so located that the inlet arca
was entirely above the surface with a narrow gutter Pro=-
vided for bypassimg the boundary layer; scoop 7 was So
mounted that the local surface of the inlet was tangent to
tho surface. of the fusclage; and inlet 8 was flush with
the upper contour of the fusclage with no -protruding
scoop. Thc rams obtaincd with scoops 6 and 7 were both
high and about the same (fig. 25). Por the flush inlet 8,
only 7545 pcrcent Qo Was recovered as ram and the veloc-—
ity distribution at the cardurctor was very irregular,

The pressure at the inside of the turn was only about half
the strecam pressurc, indicating a bdbrcakaway flow ahead of
the duct inlet. In coffcet the external strcam overruns
the inlet, that is, it fails to make an efficient turn
without the guiding action of the protruding scoop. ‘On
the basis of ram and velocity distribution, scoons 6 and 7
are of equal merit; as will be noted later, however, the
drag of the scoop with the gutter is higher.

The effect of decreasing the height of the duct in-
let while maintaining a comparable inlet area is shown in
figure 27, At low values of V;/V, the flat scoop has
about the same effectiveness as the scoops that protruded
farther above the surface; at high values of Vi/Vy, howe
ever, the ram is largely decreased, This result is attrib-
uted to the greater length of fuselage surface from which
the boundary layer is taken, resulting in a larger percent-
age of the air entering tho duct at a reduced total pres-
sure, Additional factors contributing to the low rams at
high-flow quantities are the less favorablc expansions in

“the duct diffuscr and the snrll hydraulic radius caused

by the flat shape with resultant increased skin friction.

The results obtained with the unconventional annular
inlet 9 are shown in figure 26. A4t angles of attack corre-
sponding to the high-~speed condition, this inlet has char-
acteristics comparable with the best otruding scoops.

At high engles of attack, however, owing to the shielded

D
¥ in
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position of the inlet above the propeller spinner and to
the tendency of the flow to spill out of the top of the
cowling, the pressure in the scoop is greatl% reducedls It
will be noted that, at angle of attack of 12°, the ram has
droppeds to anorox1m“tely 30 percent of the stream pres-—
sure., In the case of the protruding scoop 5 (fig. 28),
decrease of only about 5 nercent in ram o"cu“red over an
angle~of-attack range of e Similar results were ob-
tained with other protruulng SCOOPS .

The effect of the slipstream on the ramning pressure
available at the carburetor is shown for scoops 1 to 5 in

figure 29, At a sinulated high-speed operating condi-
tion, the slipstrean increased the carburetor ram approXx-
inately 5 percent ¢, £for the five inlets tested., In the

elimb comdition, ar slightly greate" increnecnt was neasured.
The failure to recover a largcer perccntage of ram pressure
in the clinb condition nay be accountcd for by inefficient
action of the lower section of the propeller cuff.

he improvement in power-on ram made by twisting the
inlet into the slipstream is shown in figure 30. 1In the
high-speed condition at an inlet-velocity ratio ofs 0540
an increase of approximately 3 percent q, was measured.

Drag

A sunmary of the drag data for the various carburetor-—

air duet installations is given in table II. The incre-
ments ACD in the table are the differences between meas-
ured drag coefficients of the model with a2nd without the
carburetor-air systems and include the drag due to flow
through the outlet duct and the outlet losses. The values
of the drag increments given are therefore useful only o
comparing different scoop arrangements on the same models
hence the values of ACp for installations on model B
cannot be compared with those on model 4 Dbecause of
differences in the outlet duct system, The outlet for
model A4 was relatively efficient at low air-flow quanti-
ties:; at large values of Q/Vo, however, the cerburetor
air was ejected from the fuselage at a large ar ngle to the
stream direction produvcing a turbulent region behind the

nj

outlet with high draz. On model 3, the outlet duct was
unavoidably tortuous and a large part of the kinetic en-
ergy of the air flow was lost, resulting in a high outlet

drage.



The evaluation of the internal and external components
of the drag has been accomplished by calculating the ener-
gy lost 1n the duct and deducting this guantity from the
measured ACp. The internal drag coefficient CDi, corre-—

sponding to the losses in the duct system up to the carbu-
retor flange, is given by the expression

i T ¥ LN
i SVoL VA He |

In 2 similar way the drag coefficient corresponding to the
total loss Detween the inlet and the outlet can be calcu-
lated by replacing the term Eo 1in the foregoing equation
by the value of the total pressure at the duct outlet.

The values of Cp, for the different carburetor installa-
tions are given in table II, in which it will be noted

that the drag due to loss ahead of the carburetor is small,

The valucs of the drag coefficients corresponding to
the total internal duct losscs aroc not tabulated. They
were calculated, howover, and the oxteornal drag cocffi-
cient dncremont CDQ was obtaincd by deducting the total
internal drag coefficient from the drag coefficient incree-
ment measured in the forece test. As previously mentioned,
the external drag coefficients include the losses occur-
ring at the outlet and are therefore larger than for nor-—
mal installations with engines. The results indicate,
with respect to measurements at low airspeeds, that the :
drags of the different scoops tested are somewhat similar
and that an efficient installation of a carburetor scoop
on a coanventional pursuit airplane should not increase
the drag coefficient by more than 1 percent.

Compressibility

As a result of numerous fundamental aerodynamic inves-
tigations, a technigue has been evolved in which pressure
measurements at low asirspecds are used to estimate the
speed at which compressibility effects become critical.
This critical specd has been defined as the forward speecd
at which the local velocity at any point on a body reaches
the specd of sound; at speeds below the critical a welle
defined variation of pressure distribution with specd oc-
curs that is accompanied by significant drag changes.

The drags of the scoops as measurcd in this investigation
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the angle of attack at which they are operating, In’ gon-

cral, the pecak precssures arc decreascd by incroaqing the
raCius of curvaturc in the rogion of ncgative pressurc,

The lower pcak pressurcs accompanying the increascd
valucs of inlet-vclocity ratio arce shown in figurcs 36 %o
40, In the casc of scoop 'l with tho original contour, the
peak ncgative prossurc is deecrcascd from 0,97 - 4o Vo
-0.41 q, for a varlation in the inlet-velocity ratio from

0.34 to 1.13, This rcsult corresvonds to a change in crite
ical llach number from 0,59 to 0.74, which is cquivalent to
an increcasc in tho critical speced from 411 to 510 milcs

per hour at 25,000 fcot altitude. A similar variation of
critical spced with inlot-velocity ratio occurs for ilc .
other scoops. Thc critical variation of the prossurc dise
tribution on the inlet with the inlot-velocity ratio nay
lead to the use of adjustable scoops for efficient opera-
tion over wide ranges of speed and altitude,

The effects of propeller operation on the pressure
distribution on twisted scoop 5 are shown in figures 39
and 40, Along the left fillet, the side £rom which the
Propeller approaches the scoop, a small decrease in the
nagxinum negative pressure was caused by the slipstrean at
the simulated high~speed condition (fiz. 39). The pres-
sures along the top of the scoop and in the right fillet
were not greatly affected, With the increased slipstream
velocity sinmulating the clinb condition (fig. 40), a fur-
ther reduction of the negative pressures in the left fil-
let occurred accompanied by slight peductions in the peak
pPreossures on tho top agnd on tho right fillet., TFor the
tests with the inlet-vecloecity ratio of about 1,00, the
peak negative pressures occurrcd on the inside lip of the
scoop duc to the negative angle at which the lip was op-
erating.,

COIICLUSIONS

b 3 %

From the results obtaincd for eight scoops testcd in
the full-~scalc tunncl, it has bcen concluded:

le The inportant design paraneters that detcrmine
the operational characteristics of carburctor-air scoops
are the inlet-velocity ratio V3/V, and the air-flow
quantity Q/V,
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|
—

boundary layer

2. Flow scparation occurs in
i let-velocity ratio

ahead of the carburetor inlet if
is cdecreased below about 0,30.

the
he i

3. Highest over-all inlet efficiencies occur for
values of V,;/V  Tbetween 0,40 and 0,50,

4, One of the nost inportant sources of loss of ran
and nonunifornity of flow at the carburetor is the duct
bend, The velocity at the duct bend should be reduced to
as low a nagnitude as feasible.,

5, Raised carburetor scoops with gutters for bypasse
ing the boundary layer show no important increases in ram
over well-designed scoops that are tangent to the fuselage.
The drag of the raised scoop is higher,

6. Lower ram and less uniform velocity distribution
were obtained with wide flat scoops at high inlet-velocity
ratiose.

7. The drag of a fell—uesig ned carburetor air scoop
should not exceed 1 percent of the airplane drag.

8. The minimum negative pressure peaks and highest
eritical speed are obtained on scoop contours that pro-
vide a uniform pressure distribution. Highest critical
speeds are reached at high inlet-velocity ratios,

250 The critical vaziation of the pressure distribu-
tion on the inlet w;tw [V, may lead to the use of adw~
justable scoops for cffic ent operation over wide ranges
of speed end altitude.

p. |_|.

Langley Memorial Acronautical Laboratory,
Hational Advisory Committee for Acronautics,
Langley Field, Va,
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TABLE I.
SCOOP LIP

SECTIQONS

All dimensions
are in inches

y /
A

i

(e
;7Zi (parallel

= ,«// to ship
/r‘—: ~E © center

1~150

Station Upper surface, y
x Scoop 1 Scoop 3 Scoop U4 Scoop 5
Orig| A B ¢ |Orig] A | B |Orig| &4 |[West|{C.L. |Bast
0 0.72]0.7%4{0.62]0.64|0.7710.69]0.59|0.57 |0.54{1.0010.83 1.82
.25 92| .97 .92 .89| .99 .97| .95 .76| .80|----|1.00 |-——-
.50 [1.091.15|1.15{1.25/1.15/1.20|1.20| .93|1.00|1.29|1.15|2.22
75 [1.2%{1.31{1.34{1.45]1.32]1439{1.40|1.10 1,17 |-~ [1.27 |———=
1.00 [1.38[1.0401.48{1.52]{1.h6 [1.541.57 (1.2 [1.31 1. 48 |1.37 |2.56
1.25 [1.50(1.58|1.6311.67]1.58[1.69|1.73|1.37 {144 -~ [1. 140 |———
1,50 {1.62{1.70{1.7%|1.80{1.70{1.81{1.89[1.52|1.59|1.61 |1.59|2.88
175 [1.72(1.81{1.8611.92|1.8001.91{1.99(1.62|1.69 |--—- 1467 |=——-
2,00 |1.84[1.9111.96{2.00{1.892.02{2.10{1.73]1.80(1.69[1.75{3.15
2,50 [2.00{2.09|2.15[2.20{2.05|2.17 {2.25 |1.91 [1.98{1.73|1.89|3.}43
3,00 |2:1Nt2.23{2.30)2.412.17 |2.31 |2.39 |2.04 {2.11 |1.76{2.00|3.72
3,50 |2.272.37 |2.b3|2.49 2. 27 |2. k1 |2.49 {2.17 {2.2411.78 [2.11 {3.95
1,00 !2.40{2.50 |2.55(2.61 [2.35]2.50 {2.58 |2.28 |2.35|1.80|2.19 4. 22
4,50 {2.50{- 2.2 12.5712.65 [2.38 [2.145(1.80 |2.26 [L. U6
5.00 |2.58 2.47 (2463 [2.71 {2,147 [2.54{1.77 {2.33 4. 70
5.50 |2.65 2452 |2.67 |2.75 (2455 [2.6211.75 {2438 | -——-
6.00 |2.74 2.5612.71 |2.79 |2.68 [2.61{1.73|2.43|5.13
7.00 |2.87 2.6312.79 [2.87 {275 |2.82 2.52
8.00 [2.98 2.60
9.00 {3.06 2.66
R A5 ol W32] 22 5| W32] .23] .38 £30] 68| .57|1.06
x4 3T 2151 soe A4 .22 .07
> 05! .08 07| 09
§.,deg. | 28| 30| 28| 291 25| 2ki{ 30 1 8 6 5 0

axl and y,

= ordinates of center of leading-edge radius of modified

inlets with respect to center of original lip.

et



TABLE II

=l

i

SUMMARY OF DRAG DATA

13

Bl éCD at Op=041 Cp, at On=0,1
Scoop| area V,/V Q/V, | Test speed 0n Test speed
. i77o ) & Yy
NG (saq in,) (mph) * (mph)
o 63 | 100 63 | 100
i} 19.8 0.49 {0,067 |0,0004 |0,0002 |0,00004 |0,0004 |0,0002
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5 26,3 .37 .,068 | ,0003| ,0003; ,00003| ,0003| ,0003
.54 ,099 | ,0003| ,0003| ,00005| ,0003 | .0002
6 7 sl o6 | JO0B7 | —=---- .0008 | ,00001 | === | ==—=-~
7 34| ,088 | ~---- .0007 { ,00001 | === ===-~
| w45 | 116 | ~=~--- ,0008 | ,00008 | ——=-=| ===~
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Figure 1l.,- Model A with carburetor air

scoop 1, as

tested in the full-scale wind tunnel.

L-166

VOVN

1 "4



Fig. 2

qer=1

290

Figure 2.~ General arrangement of model A,
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Figure 3.- General arrangement of model B,
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Figure 7.~ Carburetor air scoop 1, tested on model A,
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Figure 8.~ Carburetor air scoop 2, tested on model A.
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Figure 9,= Carburetor air scoop 3, tested on model A,
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Figure 10,~- Carburetor air scoop 4, tested on model A.
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Figure 12,= Carburetor air scoop 6, tested on model B,
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Figure 13.- Carburetor air scoop 7, tested on model B,
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Figure 14.- Carburetor air scoop 8, tested on model B,
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FIGURE 16 — TYPICAL CARBURETOR AIR-SCOOP INSTALLATION
ON MODEL A.

L-166

VOVN

ol D4




NACA }_‘ 2,_.'_'_____2,&-;_] Fig. 17

d B r
| | Xl i &
| et u
| | i i 2
| i ' .
| ol } p
| ) |
| N |
& DuUCT = SRS A 4
L | ey PRl
-4 ! il 3 b
o : = ;
e
3 ] |
i
e S
Y i it 3 4‘}#“"3
i Ry
1

T A
2|
=8
1‘ GUIDE VANE
b
N

alw

SECTION THROUGH & DUCT

REF.

FLANGEK |

=

Figure 17.- Dimensions of duct turn ahead of carburetor location
on model A,




L-166

NACA Fig. 18

@
\
\
\

ELLIPTICAL

= s
" Y

m
r CARBURE TOR
. | FLANGE—;

,L— s"——»J

Figure 18,« Dimensions of duct turn ahead of carburegor location
on model B,




L=166

Figure 19.~ Tuft survey showing effect of inlet velocity on flow

Fig, 19

(a) V4/V, = 0,21,

(b) v1/v° = 0.36.

at inlet of scoop 3; propeller off,
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Figure 20.- Effect of vi/vo on ram with scoop 1; propeller off, a = 109,
Values indicate total pressure, H,, in millimeters of alcohol.
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Figure 22.- Effect of vilvo on rem with scoop 33 propeller off, a = 1°, Values indicate total
pressure, H,, in millimeters of alcohole.
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Figure 23.- Effect of Vi/vo on ram with scoop 43 propeller off, o = 79

Values indicate total pressure, Hc' in millimeters of alcohol.
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Figure 24.,- Effect of vilvo on ram with scoop 5y propeller off, a = 1Y.
Velues indicate total pressure, H., in millimeters of alcohol.
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NACA Fig. 28
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NACA Fig. 32
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Figure 33.~- Effect of inlet-lip contour on surface pressures
scoop 13 propeller offy @ = 1% V4/V, = 0.40.
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Figure 34.- Effect 6f inlet-1ip contour on surface pressures
scoop 3; propeller offs a = 19; vilvo = 0,40.
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Figure 35.- Effect of inlet lip contour on surface pressure;
scoop 43 propeller offy a = 1% Vi/Vo = 0.40.
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