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WIND-TUNNEL TESTS OF CARBURETOR-INTAKE RAMS

By Frank H. Highley
SUMMARY

An investigation was conducted in the N.A.C.A. 20~
foot wind tunnel of the ramming effect of three general
types of carburetor-intake rams for radial engines, name-
ly, the internal constant-area type, the external constant-
area tyvme, and the external expanding type. The rams were
installed on a radial air-cooled engine nacelle and tests
were made with and without the propeller operating.

The internal constant-area type secures air for the
carburetor from within the engine cowling and forward of
the engine cylinders. One entrance shape and five locations
were invecstigated. The external constant-area type secures
air for the carburetor from the air stream outside the en-
gine cowling. Two entrance shapcs and two locations were
invegtigated. The external cxpanding type secures air at
high vclocity from the air strcam outside the cngine cowl-
ing and rcduces its velocity and increases its pressure by
an cxpanding tube before it rcaches the carburetor. One
entrancc shape and two locations were investigated. This
type is characterized by having a smaller frontal area than
the external constant-arca type. The results indicated thats

The external types having entrances near the front of
the cngine cowling gave the greatest romming effect.

The propeller increased the ramming effect for the ex-
ternal types.

Prom considerations of ramming effect, the best en-
trance location for the external types was close to the
nose of the cngine cowling; for the intcrnal type, the
best location was in a plane perpendicular to the propeller
shaft and immediately forward of the engine cylinders.

INTRODUCTION

A carbdburctor-intake ram is a device used to increase
the carburetor-intake pressure through the use of the dy-
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namic pressure due to forward motion. This increase in
carburetor-intake pressure results in several increases in
engine performance, namely, increased full-throttle nower
at the same altitude, increased critical altitude, and pos=
gible increased cruising altitude.

The use of carburetor intake rams is not new for many
installations may be'obscrved. The rams in use fall into
two classes® the internal constant—area type and the ex~
ternal constant-area type. In general, the internal con-
stant-area type consists of one or more ducts passing be-
tween the engine cylinders to the carburetor and having an
entronce so located as to obtain air for the carburetor
from within the forward portion of the engine cowling.
Several entrance locations are in use, some near the nose
of the cowling, some near the engine cylinders, some pro-
jecting forward, and some at an angle to the axis of the
engine and cowling. The external constant-area tyve con-
sists, in general, of a duct leading to the carburetor
with an entrance located somewhcre on the outside of the
cowling., Here again, several entrance locations arec used.
Although rnost entrances are on the cngine cowling itself,
others are to be found on the forward portion of the fuse-
lage or nacelle and a few in the leading edge of the wing,
close to the fuselage or nacelle,

From the variety of installations observed and from
the lack of published information, it is apparent that
there is very little information available concerning the
proper entrance location and the ramming effect of the
various types of carburetor-intake rams.

The present investigation was made in conjunction
with propéller tests conducted in the N.A.C.A. 20~foot
wind tunnel.

If the effect of the propeller is neglected, it is
aoparent that the maximum pressure obtainable from the

air stream is the dynamic pressure due to the forward ve-
locity of the airplane. Not all of this dynamic pressure
is available for inereasing the carburetor-intake pres-
sure, however, since losses occur in the carburetor-intake
rams Friction losses arc present in every ram and cannot
be eliminated. Another loss exists in the form of an en-
trance loss, part of which is due to the entrance shape
and location and part to the fact that the velocity of

the air cntering the ram must be reduced from that of the
air stream to the velocity required ot the carburetor.
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Ags thig reduction in velocity occurs without expansion in
the cagse of the external constant-area tyve, it is reason-
able to expect losses duc to spillage and turbulence.to
exigtew If it were poegieiblae. ho-take saisginto the ramn,ab
thiepsvielociti w0 houalrestreansandsexpandaiit sundt i, (9t sevie~
locity were rocduced to that required at the carburetor, it
should be possible to celiminate the losses due to spillage
and turbulence.

Figures 1 and 2 show the pressure and velocity distri-
butdon on radial-engine cowling nose 6 0f reference 1.
Figure 2 shows that the highest velocity occurs near the
nose of the cowling. The external expanding type was con-
structed to investigate the effect that may be obtained dy
reducing . the .yelocity «of the air.and dncreasing its pnes—
sure by an expanding tube and the effect of placing the en-—
trance in the high-velocity region of the cowling.

APPARATUS AND METHODS

The rams were constructed of sheet metal and were in-
stalled on a radial air-cooled engine nacelle (fig. 3).
Flow conditions through & radial engine were simulated Dby
means of a perforated plate. For the investigation of the
effect of the propeller, power was supplied by a Curtiss
Conquercr engine installed in the nacelle. The pitch an=-
gle of the nacelle was zero for all tests.

The internal constant-area type of ram was located
inside the engine cowling (fig. 4). Five entrances, all
having the same cross—sectional area and shape but differ-
ent locations, were investigated. The velocity of the air
through the ram was controllecd by a manually operated dam-—
per valves. The velocity and pressure of the air in the ram
were measured with thrce total-head tubes and one static-
head tube.

The external constant-area type was located on the
outside of the engine cowling and, because of its large
size, was provided with a streamline fairing extending
back over the nacclle (figs. 3 and 5). Two entrance shapes
and two entrance locations were investigateds Thc velocity
of the air through the ram was controlled by a manually op-
erated damper valve. The velocity and pressure of the air

in the ram were measured with five total-head tubes and
one static—-head ‘tube.
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The external expnanding tyve (fig. 6) was installed on
the outside of the engine cowling but, because of 1its small
sigze, no failring was provided. One entrance shape and two
entrance locations were investigated. The total head and
the static head existing in the ram were measured with
three total-head tubes and one static—-head tube. The air
was not expanded in the ram but the effect of expansion
was assumed to be such that the total head remained con-
Sitanbs

The total head and static head in the rams and the
wind—tunnel velocity were measured.

Since the velocity of the air in the ram at the car-
buretor Vg and the velocity of the air stream V are

both variable, it was found advantageous toaplot B/q
against the nondimensional quantity (Vg/V)  where

p 1is the increase in total head of the carburetor.

q, dynamic pressure due to the air-stream velocity V.
RESULTS AND DISCUSSION

Figures 7 to 9 show the effect of entrance location
for the three types; the two external types were tested
without the propeller and with the propeller operating.
Figures 10 and 11 show the comparison between the best en-
trance locations for the three types tested, both with and
without the prepeller.

Figure 7 shows that entrance 1 of the internal con-
stant-area type is superior to the other entranﬁss tested
throughout the entire range of values of (Vg/V) . En-

trance 5 is definitely the worst entrance tested. Exami-
nation of figures 1 and 2 shows that this condition is to
be expected, since entrance 1 is in a positive-pressure
region and entrance 5 is located in a negative-~pressure
regione ‘The faet that the purves. af. figure 7 are wvery
nearly straight lines indicates that no entrance loss oc~-
curs with the internal constant-area type. This result is
to be expected because the air inside the engine cowling
has little or no velocity.

Figure 8 shows that, for the external constant-area
type without propeller, entrance 1 is the best entrance
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tested for most values of (VR/V)B. This result may be

due in a large part to the fact that entrance 1 is-slight-
ly . larger than entrances 2 and 3. Entrance losses seem
to be very large, entrance 3 being affected the least.

Figure 9 shows that, for the external expanding type
without propeller, the best entrance tested is entrance 2.
The superiority of entrance 2 is probably due to the fact
that there is gsome loss in energy in the air stream as it
goes around the nose of the cowling; this logs results in
less available total head at entrance 1 than at entrance 2.

Figure 8 shows that the effect of the propeller on
the external constant-area type is to increase the ramming
effect of all the entrances tested. The greatest increase
is with entrance 3, probably because the increase in stat-
ic pressure caused by the propecller is greatest close to
the propeller.

Figure 9 cshows that, with the external expanding
type, the greatest increase in ramming effect due to the
bropeliler igtobiained with entrance 1. This result is
probably due fo the fact that the increase in static pres-
sure caused by the proveller is partly offset, with en-
trance 2, by a change in the direction of the air flow
around the nose of the cowling, thus making it impossible
to obtain the full total head of the air stream in the en-
trance of the ram.

No tests of the effect of the propeller on the inter-
nal constant-area type were made, as recent tests in the
20-foot wind tunnel had shown the pressure immediately
forward of the engine cylinders to be ‘a function of so many
variables that it was impractical to make such an investi-
gation. In general, the effect of the propeller is to re-
duce slightly the pressure in the engine cowling. This
result would tend to reduce slightly the ramming effect of
the internal constant-area tyve with all entrances tested.

Figure 10 is a comparison of the three types of rams
tested without the propeller. The external expanding type
shows the highest ramming effect and the external constant-
area tyme shows the lowest.

Figure 11 is a comvarison of the three types of rams
tested with the propeller operating. The external expanding
type shows the highest ramming effect; for most values of
(VR/V)Q the internal constant-area type shows the lowest,
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As no tests were made of the internal constant-area type ,
with the propeller operating, the curve for this type given
inefigurer 11 ig £foips fe condition of no propellet. The
effect of the propeller would be to place this curve lower
than it is shown.

It should be noted that all the curves for the exter-
nal expanding type are computed, each curve being based
upon: ong experimental poianty Since different points on
the curves correspond to' entrances of different size, the
curves are hased on the assumption that the entrance losses
and friction losses are the gsame regardless of the size of
endirances 1 Ibyisralso ggsunedithatine Lowes olecuris dn the
expanding portion of the ram. Possibly an actual installa-
tion of this type would not produce the ramming effect
shown by the curves. The curves are included here to in-
dicate the upper limit of the ramming effect for this type.

Factors other than the ramming effect should be con-
sidered in the selection of a carburetor-intake ram. &n
attempt was made to measure the drag of all the rams test~
ed but the attempt was unsuccessful, since the drag was a
small difference of two large numbers. It is reasonable
to expect that the internal coanstant-area type has the
least drag as it does not project into the air stream. By
virtue of its smaller projected arca the external expanmd-
ing type should have less drag than the external constante-
area type. The external expanding typc gives the maximum
ramming effect at only one speed. At speeds above this
design speed, entrance losses would be apt to occur. At
specds below the design speed, the engine would be throt-
tled by the ram. The constant-area typosare not limited
to one specd. : If it were desired to develop full engine
power at spreeds below the design sveed with the external
exponding type, it would be necessary to furnish a second-
ary carburetor-air supply and some sort of valve mechanism
for switching from this secondary supply to the ram. Be-
cause the air forward of the engine cylinders is heated.by
the cylinders, there is a possibility that the air furnished
by the internal constant-area type might be too hot for
proper operation of the engine.

CONCLUSIOKS

lon Of $he ramg testedy the extorfal types hawing en-
tranccs located near the nose of the engine cowling showed
the greatest ramming effect.
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2e The propeller increased the ramming effect appre-
ciably for the external types.

3« From considerations of ramming effect, the best
entrence location tested for the external types was close
to the nose of the engine cowling at the point where the
velocity was highest. The best entrance location tested
for the internal type was in a plane perpendicular to the
propeller shaft and immediately forward of the engine cyl=
inderse

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 8, 1937.
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figure l.- Pressure distritution on nose 6 of reference 1,
figure 13.
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Figure 2.- Velecity distribution on nose 6 (computed from
figure 1.)
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Figure 3.~ External constant-area type, installed on
radial air-cooled engine.
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Total and static-head tubes.

Entrance 2 1 Damper valve
/ Vi / et

Figs.4,5,6

Figure 4.- Internal constant-area type of carburetor-intake ram.

Entrance 1 Total and static-head tube
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Figure 10.- Comparison of three types of carburetor-intake rams.
Best entrance locations; no propeller.
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