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COMPARISON

REPORT NO. 220

OF TESTS ON AIRPLANE PROPELLERS IN FLIGHT WITH
WIND TUNNEL lMODELTESTS ON SIMILAR FORMS

BY ~. ~. DUELANDAND E. P. LESLEY

INTRODW2TION

The purpose of the investigation, which is the subject of the present report, WSEto deter-
mine the performance characteristics and coticients of full-sized air propeller in flight and to
compare these results with those derived from wind-tunnel tests OR reduced scale models of
simik geometrical form.

The fuII+cale equipment comprised five propellers in combination with a V3P7 airplane
and Wright E&4 engine. This part of the work has carried out at the Langley ~Memorial Aero-
nautical Laboratory, between May 1 and August 24, 1924: and was under the immediata charge
of Mr. Lesley. !I%e model or wind-tund part of the investigation was carried out at the
aerodpmmic laboratory of Stanford University and was under the immediate charge of
Mr. Durand.

For the full-scale work pver absorbed vvas determined from calibration curves of the
engine, derived both before and after the flight trots were made. Useful work is defined as
drag of air@me, without Mhmnce of slip stream, times velocity, plus weight times rate of climb;
efficiency as useful work divided by power absorbed.

The derived coefficients, ~

“’=(%)’O’=$%a’nd’’=ciency’
v

are plotted on---Y and curves are drawn representing the average of plotted spots.

For the model investigation, the corresponding coefficients and elements of the performance
were determined by direct measurement of resistance, thrust, torque, air speed, and revolutions,
as described in detail in Part II of the report.

A comparison of the curves for full-scale results with those derived from the model tests
shows that whiIe the efficiencies realized in flight are dose to those derived from model tests
both thrust developed and power absorbed in flight are from 6 to 10 per cent greater than
would be expected from the results of model tests.

The more detaikd description of the equipment employed, the methods of carrying out the
observations, and of a.nalyz@ and reducing the results will be fomd in Parts I and II of the
report as below.
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PART I

FULL-SCALE TESTS

TEST PROPELLEIM

The dimensions of the propellers tested are shown in Figures 1 to 5 and Table VIH.
The propellers are of the United States Navy stahdard plan form. They were made of

birch in the usual laminated construction and coveid with cotton fabric. The blade anglea
were measured before tests, and no appreciable diilerence was found between such measure-

.

ments and those made by the Nav-g inspector at the works of the Hartzel Walnut Propeller Co.,
the angles being found correct withig the tolerance allowed by the Navy specifications. At the ‘
close of the tests the pitch angles were again measured and the fo~owing determined:

Propeller Mea geometrical pk+r

B’---------------------------------------- _------—-__ 5--_4J_-5’-o.4J’
D’------____ --_ —_-____ -_-—__ -_-_-——- _.------------_ ---- _-6’72.8°
I-----------_-----_-------._-----_____---_------------_-_5'-8,5''
K, -.- ---------------------------------___-_------_--__-----_-6'-8.5''
L’------------------------------------- --—-—---.---.. -.-...6’-8.6”

Pitih: Y W’, Pitch ratio: 0,7. Aq!a?t ratlcc 5.
Camber ratkx MInImrrm + Z) ~ ant. Rotatiorx
RI@rt hnnd.
Fm. l.-ExperImenteJ propllm L’ for VE-7 r&krre

. . ...

.,. . ,.

Propeller B’ is thus seen to have had at the close of the tests appreciably lws than the
designed pitch of 5’ – 1.2”. All are believed ta have been as nearly geometrically similar to
the modeLs, which were made from the same drawings by the application of a linear scale ratio,
as is practicable of realization with wood construction,

,
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PIteiX & 3%. Piteb ratio: 0.8. .%%%%.’” a-k ‘M”?AMnmn+ 21percent. Bokation.
Fm. 4.—Expwbnentol prosWer D’ fox Vl+7 &plane

L. —. —~._—

-—
...-

&J--._(d2dLJgJg
2

.

PftemW 1.2”. Pita mtfo: 0.6. &ipectratio:8. oexubRrXethx
Minimum+ Zlperoent. Rotetion: RI@ band.

Fm. 6.-Eqerimentai pxopsller B’ fw VE-7 af@ne
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INSTRUMENTS AND APPARATUS

The instruments and apparatus used in these teds were as follows:
(1) N. A. C. A. rew=n%nga%irneter,
(2) N. A. C?A. rewrdi~ pendulum hclhwmefer and airgpeed m&r. —This instrument WM

fitted with a heavy diaphragm capsule, used for recording the intake mnnifold depression, in
place of the usual airspeed capsule. The pendulum inclinometer, the instrument-being rigidly
secured to a shelf in the observer’s cockpit, gave records of the angIe of the wing to the horizontal.

~.=
—- .
-... -—. - .- -. -. . . . . .—..-

Fm. 6

(3) A trailing bombinclinorwter and aimpeed zwter.—The trailing bomb of this instrument,
with cover remo~ed, is shown in Figure 6. It consists essentially of a streamline-form case
with stabilizing taiI, fitted with a mercury U tube and a Pitot- tube. The mercury U tube
and Pitot tube are connected, through small rubber tubing and through brass capillary tubing
forming the suspending cable, to a pressure diaphragm-type retarding instrument placed insi~e
the drum on which the suspending cable is wound. The bomb is suspended from small self-

=?ss$-;2-”.: ‘.—.... .. .._.

““””
=—7--=.--..—— ----- -.-:
~_.,, -y,.,- ~, . . . . . . . . . . :- . .

. .+,j .==. . ,- .:

. . . . . . . . --”- .- ---=”.:---
.-.. .. . ..

: . . ,:. .:~. J..::.-.

..
.-

Fm, 7

aligning ball bearings, the bail passing through a longitudimd slot at the top, and is thus free to
assume the direction of the air stream flowing by it. Inclination of the bomb from the initial
position remdts in a difference of pressure on the two sides of the diaphragnl capsule, to which
the mercury U tube is connectedfwith only a slight displacement of the mercury. The moment
of the displacement mercury is balanced by a smalI righting moment of bomb itself. Thus
the bomb remains in any attitude it is placed unless disturbed by some extermd force. The
inclinometer feature is calibrated by placing the boro$ in a jig, as shown in Figure 7, tilting
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to various positions, and making records of the pressures developed at the capsuIe of the record-
ing manometer.

An equalizing valve is provided in the system, which permits equalizing the pressures on
the two verticaI kgs of the U tube in any desired initial attitude of the bomb. The range of the
instrument, with FLdiaphragm capsule of given sensitivity, is thus doubled. As used in these
tests it was provided that a rmge of 16° could be covered, the instrument being adjusted to
record from 0° to 16° of glide, from 0° to 16° of climb, or from 8° climb to 8° glide as desired.

From the record made the angle of flight pathis estimated to O.1O,but the possible error, due
ta oscillation in flight, inconstancy of recording capsule, and to error in measuring record,
appesxa to be + 0.5°.

A sample record, for gliding flight, is shown in Figure 8. The mean distance of the lighter
wavy lines from the base is, from a calibration curve, a measure of the angIe of flight path,
and the distance of the heavier wavy lines from the same base is a measure of velocity head.

-- ~G. 8

(4) Veedw c.cunkr.-!ll’his instrument, connected to the engine cam shaft through a simple
mechanical clutch, was used to determine engine speed.

(5) ~ermmter8.—Dhtanc&t fle indicating thermometers were used to determine strut
temperature and carburetor intake temperature.

Besides the above, the regular equipment of navigating instruments, such as tachometer,
air-speed meter, indicating altimeter, watii and oil thermometers, and oil-pressure gage, was
installed.

CMIJ13RATIONOF ENGINE

The engine was set up on a Sprague dynamometer test stand for calibration before fight
tests, as shown in Figure 9.

During the calibration a 3G70 mixture of benzol and aviation gasoline was used as fuel,
the purpose being to avoid danger of incipient detonation at full throttle. In the fEght tests,
however, it was proposed to use straight gasoline, since this work was ta be conducted at such
altitudes that the danger of detonation would not exist. This procedure was considered aUow-
able, as it was believed that equal powers would be developed by the mixed and straight fuels
under the conditions of flight.

Two carburetor intake temperatures were employed-about 10° and 26° centigrade. On
comparison of the brake horsepowers developed in the two cases it was found that, for constant

speed and barometric -pressure, brake horsepower vari&l closely as ~* T being the abe.dut e
JT

t~perature at the carburetor intake. me mixture control was adjusted, in this calibration,
to the full rich position.

Some slight troubles were experienced with one magneto, which iinally failed due to break-
ing of the distributor riug. This magneto, a Splitdorf SS-3, was repIaced by a SpIitdorf
Dtie 800.
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After installation in the airplane it was noted that the engine appeared ta be rather rough,
miming considerably at part throttle, and that, with the airplane on the ground and held
stationary, it did not drive the propellers at the speeds expected from model tests, if the power
as indicated on the dynamometer were being developed. The fuel wed ~ calibration was
Sul itul;ed for aviation gasoline, but no app~eciable ~improvwnent in performance

I ...-. f ,X1

could be

FIG. 9

detected. The installation was therefore checked over, a minor intake manifold leak corrected,
the two magnetos used in the calibration replaced by tested acowsoriea (Dixie 800), and the
mixture ccmtrol adjustment wired fast in the full rich position. With these chang= the missing
was eliminated and the standing R. P. M. at full throttle and with propeller I were obsermd to
be 1,580. The performance with this propeller
(standing R. P, M, at full throttle) was there- 240
after used as an index of engine condition. z=. AA#

At no time during the flight tests, which in /B
alloccupied about 20 hours running time, ~20u /

was there a. change; as shown by “the indi ~
eating tachometer, of more than 20 R. P, M,, ~ ‘m
the performance being generally consistent, /

At the end of the flight teats the engine
$ /60

/

was sub jected to two further calibrations— /40 d

&t, with aviation gasoline as fuel, andseoond,

—.

~ v
with the original 30-70 mixture of benzol and /20- - L200 /400 J6~ /800 2(700
aviation ga901ine. t?evolufibm per mimtfe

The results of the fti-th.rottle runs of the FrQ.10.–JVrigbt E-4 enghe calibration reduced to ste.nderd atr

. three calibrations, reduced to theoonditions of Cme A—FueIW-70benr.ol@Mne. Feb. 1% 1924.

standard air, are shown in Figure 10. There- Curve B–Fuel gesoline. July 15,1824.

duction of the observed data to the conditions
Curve C-Fnel MWI benzol gesolfne. JUIYI& WM.

of standard air (barometer= 760 mm., temperature =15.6° centigrade) is accomplished through

the assumed relation B.HP. = C 1, in which p is the barometric pressure, T the absolute tem-
~T

perature at-the carburetor intake, and C a constant.
It may>e noted that the calibration after fight teste, with aviation gasoline as fuel, shows

B.HP. about “6j4 per cent less than that before flight tests with the mixed fuel, and that-the
second odibration with mixed fuel is about ~ ~ per cent below the iimt. lt appears; then,
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that between the calibrations, before and after flight teats, the engine detarioratecl about 3J4
per cent. Since aviation gasoline was used for fuel in the flight tests and many of them were
conducted at moderate altitudm (1,500 to 3,000 feet), it aIso appears that toward the end of the

—.—

tight tests the power developed by the engine at full throttle may have been little more than that

.—

indicated by the lowest calibration curve, while at the start it may have been close to that
indicated by the highest curve.

FLIGHT TESTS
-.

The flight @ts consisted of, fit, a series of gIides, with the propeller at approximate
R. P. 3f. for zero thrust, to determine the lift and drag of the @l~e at V~OUS speeds; and
second, power flights with each propeller at speeds covering the practicable range of the air- ~.
plane, viz, from 50 to 135 mike per hour.

In the glide tests, after clim@ng to an altitude of about 3,5oo feet, the airplane was jockeyed
to a condition of steady glide at about 3,000 feet, where the records were started. .The range

——

of speed covered was from 50 to 135 miles per hour.
.-

The time occupied by each glide, -during
making of records, was about 40 seconds. In each glide the throttle was closed until the indi-
cating tachometer showed about the R. P.M. for zero thud at a particular airspeed employed,
this R. P. M. being determined from a model test of the propeller.

. The recording and indicating instruments gave for the gliding flights: -
.

1. True air speed—as determined from the veIocity head recorded from the Pitot tube of
the trailing bomb and from density of air as derived from altimeter record and strut temperature.

2. Angie of flight path—as recorded by the trailing bomb inclinometer.
3. bgle of wing-as determined from record of pendulum inclinometer.
4. R. P. M.-se determined from Veeder counter attached to enatie.
In the gIide tests only one propeller (I) was used.
The power flights were made mainly at fti throttle and consisted of runs at airspeeds

from 50 to 135 miles per hour with each propeIIer; cIimbing, level flight, or power dives as
determined by the speed.

In addition to the fu.11-throttle runs a number of trials at part throttle were made. These .-
were found generally unsatisfactory, however, because of difEcuIty in maintaining steady con-
ditions, and were discarded. The intake-manifold pressure, from -which it was ~ected to
deduce engine power, was found to fluctuate considerably with the sIight throttie adjustment
necessary to maintain uniform engine speed at a given speed of flight. Then, too, it was found

that the range of ~ that could be covered in level ilight was very small, and that at the lower

speeds the power required for level flight was so small m h be below the range of the engine
calibration.

In the power flights the instruments provided data for:
(a) True air speeds-from trailing bomb Pitot and air density as in gliding flight.
(b) &gle of flight path.
(c) Angle of wing.
(J) R. P. M.
(e) Intake manifold depression (not used except as indication of throttle opening).
@ Carburetor intake temperature as determined from indicating th~ometer.
(g) Air density as determined from barometric pressure and strut temperature.

REDUCTION OF DATA

l!lo thrust gliding flights.-The asential observed and computed data for the glide tks
are shown in T~ble l.- -

The angle of attack
of wing.

948-26t-19

is found by subtracting the angle of the flight path from the angle

..

.-

I
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The airplane, with fuel, oil, and water and with pilot and observer, was weighed Iwfwc
tests. AIlowance is made for fuel, oil, and water consumed in each flight.

Lift is taken as equal to W cos a, a being the angle of the Jlight path.
The apparent drag is numerically equal but opposite in sign to I_Vsin CC.
True drag is apparent drag plus thrust, and thrust is derived from the thrust coeflicicnt

of a model propeller for the value of ~ att@ed in the glide tes~it being rarely possible to

T’
realize the exact ~ for zero thrust (0.972 for propeller I).

~ p V’ is given in the table in pounds per square foot and is deri-ved directly from the

record and calibration of the pressure capsule connected to the pitot tube of the trailing bomb.
Lift

C. and C, are -7— --
—.

and S respectively; S keing taken as 284.5 square feet.

/.2
I
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The final coefli.cients c. and C., plotted as a pohir diagram, are ahown in l?igure 11, a -
curve representing a reasonable estimate of the average of points being drawn.

In addition the points for (1 plotted against angle of attack are shown in J?igure 12. In
drawing a curve for this plot the preference has been gi-ren to points determined in the later
glides, it being found that in the first flights the penduhun inclinometer was out of adjustment
(loose pivots) and the calibration somewhat doubtful,

Power$ighh?.-The essential observed and computed data for the power flights axe shown
in Table II. -

. . -. . . . -. ... .

As in the glides, the specific weight of the encountered air is computed from the recorded
barometric pressure and the observed strut temperature, the air being regarded se dry. It is
realized that the specific weights thus derived are generally somewhat in ascess of the correct
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values, as the air at Langley Field is usually very humid even at an altitude of two Orr”three
thousand feet. However, since at ordinary tamperaturea the difference in weight between
dry and saturated air is 1sss than I per cent and since the air encountered was obviously inter-
mediate in -weight bet-ween dry and saturated air, it vm.sfeIt that regarding the air as dry involved
no error of consequence.

Telocity is computed from specific weight and from the velocity head m recorded by the
pressure capsule connected to the trailing bomb Pitot.

R. P. M. are found from observations of the Veeder counter.
Angle of f@ht path is recorded by the tr@ng bomb inclinometer and angle of wing by

t.be pendulum inclinometer. hgle of attack maybe found by taking the difference between
the two au#es recorded. Bemuse of difficulty in securing consistent records from the pen-
dulum inclinometer, a ditlerent method of determining the ar.gle of attack, described later, W*
nsed.

Weight is determined as in the no-thrust gliding flights.
Lift, drag, and thrust are determined as foIlowa:
A first approximation or tentative lift L’ (E W cos a) is assumed, thus neglecting the lift

component of the propeller thrust. From this tentative lift the observed veIocity head and the
area of the ~ing surface C’&(a tentative Iift coefEcient) is computed. A corresponding (7’Dis
read from the polar diagram, Figure 11, and a tentative angle of attack from Figure 12. From
C“. a tentative drag is computed. A tentative thrust T“, equal to tentative drag plus Wsin c&,
is then deduced. A second approximation of lift is then determined by deducting 5?’sin B, the
lift component of tentative thrust, from the tentative lift. B is the ar@e of the propeller axis
to the fight path and is 2“ less than the angle of attack. From this second approximation of
lift a new lift coefficient, angle of attack, drag coefficient, and chg are derived.

A second approximation of thrust is determined by addirg, as before, IT sin a to the drag.
Trials for a third approximation of drag, deduced in a sin@r manner, gave vahm differing

from the second approximation by too small an amount to be of practicaI consequence.
Lift and drag as.given in Table H are thus second approximations, and angle of attack is

that read from Fiie 12 for a Iift coefficient derived from the second approximation of Mt.
. Likewise, the thrust of Table H is second approximation of drag+ IT sin a.

Horsepower is derived from the calibration curves of Figure 10 as foUoys:
It is tirst assumed that during the tests the engine changed from the condition as repre-

sented by the highest calibration curve to that as represented by the lowest; that such change
was gradual and that therefore at any time between the fit and last @ht the condition would
be represented by a calibration curve intermediate between A and B, the space being divided
by 32 intermediate lines and these with A and B representing 34 calibrations, each of which
would show the condition of the engine for the test flight of the corresponding number.
Thus test &mht 17 wouId have a calibration curye halfway between A and B. The early test
flights wouId have c~li~ratiog c~es close to A and the later ones curves close to B. It is
found that this method reauh in leas dispersion of points from a smooth power curve than if
a single calibration curve is used. In other words, two taste of a given propeller, one conducted
at the beginning of the flights and the other at the end, appear more consistent if to the first
a calibration curie near to A (fig. 10} is applied and to the second one near to B than they do
if a singla cfibration curve is used for both. ‘

The horsepower for standard air and at the obser~ed R. P. M. is thus determined from the
calibration assumed for each flight, and tho horsepower for the conditions of flight is derived

from this through the assumed relation: E@. = O*J p being barometric press~e, T a~olute.

--

—
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temperature at carburcter intake, and (7a consta&.



282 REPORT NATIONALADVISORYCO~ “-FOR‘WRONAUTICS
—.

Wc then have the coefiients as previously defined:

O1-::;:.. ...-?.. —-_——_

q = efficiency

= thrustx velocity .- —..—... ,.. . . . —.. .—.. .
power

-,-

=Crx ? “. ,. _ .. . .,,
c ED ‘ “--’

-.,..,,.->..,,-,

Any homogeneous system of units may be employed jn dajving the above coei%cicmts,
In F~ures 13 to .17 the values of G, OP, and m dwi~ed from the fight t@% am ShOWDus

ordinates on abscissas of $“ Curves are drawn which represen~, as nearly as practicable, the -
---

average of the experimental spots, while, at the same time, indicating a continuous rmd con-
.-

,

sistent relation. Table ?II ahows the vfilues of G G. ind ~, fi% ChOS~ as b~t r~presenti~g ‘
the average of experimental points and through which the curves of Figures 13 to 17 are drawn.

Figures 18 to 22 show the coefficients as derived.lgth”from-model .{ats and from fulI@ale
-.

tests, the model tests being those of model prope~er in combination with a model plane.
J...

DISCUSSION

At the time thwe tests were started it wm beliemd that the least reliable data would be . . .

those rwulting from the estimated performance of an engine under conditions somewhat different
from those of calibration. It was thought that thm&t, as determined from addition of drag
of the airplane and component of weight along the flight path, would be subject to little error.
It appears, however, assuming that accurate measuregwks would result in points falling on
smooth curves, as in the case of model ‘t$J that there iS littk @ffereme b the po~ible error

of the power and thrust deterrnhations, the advantage being somewhat in fa-ror of the fg~er.
It is evident from the dispemion of spots that the possible error. in a single spot is considerable “- - --”
but itxeema likely that the curves drawn in Figures 133617, representing as they do the a-mrage
of many determinations, should show the performance of the full-scaIe propellers tested within
a very moderata error.

With reference to the apparent greater possible e~orig .t.&st~ it rnay”be here noted that - -- “”
the thrust as determined is composed of two parts, one due to drag and the other due to com-
ponent of weight- a16ng the flight path. SincG the angle of the flight ~ath is uncertain within
0.5 degree, the weight component of thrust may be ‘h error aa much as” 17 pounds, in somb
cases amounting to 4 per cent of the total. If to this .is added an error in drag, due to initial
error in the polar diagram or to observaticm, the iina~ error in thrust may be considerable.

If the efficiencies given in Table II are plotted, it will bd found that the efficiency curves
as drawn represent a fair average of the $oints. The dispemion from a smooth curve is, how- .

~ (l%& three ciu-ves as drawn are consistent;ever, gene@ly greater than for thrust or power
efhciency being deterrnied by-

.- .— .— .—

c, v– -.
‘=ZZFn3..-” ‘- ““ ““- ‘“ “-” ““----

Referring to Figures 18 to 22, it may be seen that both thrust and power coefllcients as
determined from the flight tests are from 6 to 10 per cent more ti~ tiose dwived. f~m model
tests, the mean difference being about S per cent. The difhrence appears too consistent and
of too great an amount to be ..chargeable to axperirnental or accidental error. In tho case of
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efficiency the difference is considerably less but is also generally consistent.. The full-sca]e
propellers show slightly higher peak efEciency than the models and slightly lower eflkiency at.

—.—

large slip. The ditlerence is generally less than 3 per cent, in one case ordy, propeller I, being
4 per cent or more.

There appear to be i&ee possible causes for a somewhat consist~nt differ~ce between
the results of these full-scaIe ~d model tests.

. ...—.

1. Scale e~ect.—Tlhe linear scale ratio of the full-size propellers and the. models is 2.72.
The velocity of advance for the tlight tests is generally about three times that for the models.
The T2 for the sections of the full-=e propellers is thus about eight times that for the models,

.-

the mean model value being about 50 (ft.-see. units). If the formula
.—

. .

is applicable, the increase in Lift co;flicient for the full-scale -propeller sections, due to the
higher II!, would be such as to increase the thrust and power about the 8 per cent experienced.

f?. D&erence in the goemetiy of the fdl-scaZe and model tesh.-h the case of the model
propellers the propeller shaft is para.UeI to the direction of flight. The angle of attack is con-
stant at 2°.

In the flight twts the angle of attack wrries between 2° and 12° and the angle of the
propeller shaft to the flight path between 0° and 10”, The propeller is thu9 genemlly in yaw;
only a Iittle at small sfip (near peak efficiency) but appreciably at large slip. From such data
as are amilable it appears that the effect of yaw should be to incre~e both power absorbed
and thrust developed. The wider dif&ence between the model and fulkcale trots at extreme - ,
slip (greater yaw on full-scale) may thus be explained.

3. Lack of complete shnz7Qrity of fulkale and model airplanes.-lk will be noted b~reference
to Figure 24 that in the model airplane the tail surfaces and rear portion of the fuselage are
omitted. This was unavoidable with the model propeller dynamometer as constructed. It
appears, with rmpect to powc$ absorbed, that tail surfaces and completed fuselage would have
a qualitative ef?ect similar to that of the model as used, but much less in amount. A slight increase
in power for small slip and a slight decrease for large slip might thus be expected, m is shown
in Part H. However, a considerable body of observation with other models goes to ahow the
very rapid falling off of influence on the propeller with increase of distance between the pro-
pe~ler and the obstructing surface or body, and points definitely to the conclusion that the
influence of surfac~ @@m genersly a frictiomd drag anti at di.stancm of one and one-half
diameters of the propeller or more -wouId produce an effect on the propeller, presumably within
the error of observation.

Likewise it sewns unlikely that the Slipstream interkence offered by the tai! surfaces
would have any ccmaiderable effect upon the shaft thrust as &erted by the model propeller.
As is shown in Part IT, the thrust credited to the model propeller is equal to the shaft bust
minus the increase or augment of model drag. The shaft thrust might be expected to be linger
for the complete model than for the partial model, perhaps by the same order of quantity as
with the power. It is not cIear what would be the result with-regard to the augment of drag,
since the slight degree of truncation of the fuaehge would tend to oflaet the influence of the” -
lacking parts of the modeI, thus perhaps leaving the augment but little changed.

In any case, however, and as noted above, there seems good observational ground for .-
considering the influence of the omitted portions of the model on the propehr performance as
presumably within the limit of observational error and in no case apparently sufficient to account
for the measurable and consistent difference between model and full-scale resndti.

Further Qmht tests and corresponding }eat.s with model propellers and airplanes should be
conducted. For the fight tests it is most desirable that simple and reliable thrust and torque
meters be demloped. The shaft thrust in flight, although not directly applicable to the deter-
mination of useful work and consequently of efficiency, -would be comparable with a like quan-
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tity determined from a model test. The scaIe eilect- factor would thus ba given a more dtite “
value than if the indirect method of determining thrust, employed in the tests described, k
used. The advantxrge of using a simple and dependable torque meter ova relying upon a
calibrated engine is obvious.

Indications of somewhat closer agreement betweizm model qnd full-scale test results are
given by model teste conducted at a later date. Thase -tests”were too few in numbek and of
ineufiicient extent to be conclusive and were made too late for inclusion in this report, which
was in page proof, They givw, however, practically the game power coefficients as previous
tests, but thrust coefficients generally somewhat greater, wsuhg in efficiencies over the ~$’orki~g.

range, from 1 to 3 per cent higher.

It is obvious, in view of the uncertainty in the power developed by the engine, that the
power coefficients for the full-scale tests might be made measurably 1ss.s,and thus the efficiencies ,
for the full-scale propellers also somewhat increased.

The increase in thrust coefficients for the model tests, the decrease in power coefficients
for the full-scale tests, and the increase in efficiency for both would tend to bring the full-scale
and model results somewhat closer together, and possibly make them as nearly the same as
could be expected, considering the experimental errors necessarily involved.

PART II

MODEL TESTS

INTRODUCTION

The model research part of this general tiv+ti ation. was carried. on, as uotgd, at tJIO. .. . . . .. .
~erodjmamic Laboratory of Stanford Wi~ersity. $%‘tie “ii’e;e s~pplied to the laboratory

dravrinm ands~ecificaticmsfor

Scale EbYrhead &if sections

Chord: 20.8.9”. Q&p: !?O.&W’.Stegger: 4.lW. Angle of wing sstt@ Upper
wing, 1° 45’; lower, ‘i? 15’.

FIG. Z9.-Vi’ing tunnel model of VE-7 afrplane

A.

~fivepropcllers with dime&ions
- and characteristics as ShmVII

in Figuree 1 to 5, toged~er with
a drawing (fig. 23) ahowi~~ the
ceutral portion of the Vought
airplane. The scale ratio be-
tween model and full size wx
0.3674, thus giving a dianmtcr
of close to about 3 feet for the
model propellers and of 21
inches for the wing chord of
the model plane. The model __
wings were extended in span
ou each side approximately 18
inches beyond the blade tips of
the propellers, and thus in-
cludedbeyond any question al]
parts of the model which could
in any direct way react with

the scale rtitio that this 6 feetthe propeller or be influenced by it. It will also be noted from
of model wing spread represents about 16 feet on the airplane, or some 47 per cent of the total
wing spread.

A cut of the model with one of the propellem in position is shown in Figure 24.

Due to the construction of the dynamometer and wind tunnel, the rear extension of the
fuselage and tail suT$ces wwe necessarily omitted. The fuselage was faired into the body of
the dynamometer with or.dy such clearance as to insure complete freedom under observation.
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The fuselage was also holIo-iv, with air entering through the mesh representing the radiator and
streaming aft between fuselage and dynamometer body, thus reducing the effect of the trunca-
tion at the retw end.

For some comment as to the possible or probable influence of the omitted portions of the
model, see Part I, “Discussion.”

In an investigation of the character proposed it is clear that the airplane structure, viewed
as an obstruction in the wake of the propeller, must also be vie-wed as a necessary part of the
airpkme and not as an appendage yhich might be installed or removed at will.

From this point of tiew we may develop as follows the fong of analysis suited to these condi-
tions.

Assume the model and the propeller in operat&g relation. The propeller under specfied _
conditions, as determined by a given vaJue of V/nD, develops an actual thrust (puLl) T. In
so doing, however, it increases the wind reaction of the air on the model by some amount ~,
which may thus lie termed the augment of r&stance due to the operation of the propeller. If
then from the total thrust T there be subtracted the augment ~, there m remain a residuaI or
net thrust (T’-~), which alone can be credited ta the propeller as a usefd final product.

Then if the relative airspeed of the airplane is ~, the net or useful power will be measured
by the product (Z’-~) V. Again, if, in order h realize th=e conditions, the actual torque and
revolutions per second required are Q and n, the input or shaft power will be measured by%-@.

We may then define “ propulsi~e
efficiency)’ as the quotient ( T– A)
T’+%-nQ, and if we denote this eKi-
ciency by q we shall have

~=(T–A)l’
%nQ

From a slightly &fTerent tiewpoint
we may imaggne the propelkr at the
emtremity of a shaft, say 1,000 feet in
length, ~xtended out ahead of the air-
plane. In such case we may assume
the interaction between airplane and
propeller as nonexistent. Both pro-
peller and airplane will operate as in
free air, and the r&stance of the latter
will be the towed or free-air resistance
at the given speed. Likewise the
thrust (pull) will equal the r&stance,

.—

.

—

FIG. 24.-Model pm@Ier wfth modeI of VS-7 alrpkne showing methd d mpPW

and the propulsive efficiency as defined above (witi’ A=o) wilI be the same as the true
propeller- d%ciency in free &. If then we imagine the shaft to be gradually shortened in,
there wiII begin to develop in due time an interaction between the airplane and the propeIler,
as a rumlt of which both the thrust (pull) developed and the resistance to be overcome .
will increase. Finally, with the propeller and airplane in their normal operative relation,
we shall fmd a notable increase in bob and if the enggne is driven at such speed as wilI
serve to give the same air speed of the airplane as before, then we may consider that the
same net result is accomplished. This useful power will etidently be (2’: A) V and the
input power to wxompIish this will be $&Q, the power resulting from the actual n
and the actual Q. The ratio between the two WW then gke the propulsive efficiency under
the given conditions of operation as defined by the actual vahe of T/nD. It shouId be
noted that the value of n and hence of F/nD for a given air speed with the propeller and
airplane interacting will not, in gener~ be the same as that for the ideaI case without
interaction. The attempt to compare the propulsive &ciency at the va.he of VinL? in the

-

-.
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actual case with intemction with the propeller efllciency at different value of 17/nll without
interaction greatly complicates the problem, however,. and it is believed that-for prescut pur-
poses the comparison of the curve .of propulsive eillciency on an axis of 17/nll with the
corresponding curve of propeller efficiency (free) on ikaxis of F/nD will show sufficiently well
the character and extent of the interaction between the. airplane and the propeller in its ~cct
on the efficiency of operation.

-.

In orchir to realize the con.ditioti outlined in the preceding analysis, the program of measure-
ments to be made on the model airplane and propeller must comprise the following:

(I) ‘Wind resistance tests of the model airplane alone.
(2) The usual tests of the propeller alone, givingfor a series of values of 1“/nD values of.

thrust, torque, and eficiency,
(3) Tests of the combination, including resistance measurements on the model and the

usual measurements for. the propeller. ln the set-up l~i the test in combination the propeller
and model are maintained in their proper geometrical relation but with complete independence of
suspension and control, so that all measurements may be made independently and thus give

-.

vahms for the propeller as influenced by the model and for the model as influenced by tho pro-
peller.

SET-UP OF APPARATUS AND MODEL

In order to realiza this program of measurements, the gened character of the apparatus
employed with the set-up of the model may be briefly indicated as followa:

It will be recalled that the wind tunnel at Stanford University is of the Eif7el type, tith a-
throat diameter of 7.5 feet and an experiment chamber .fiti. a length of 12 feet.

The dynamometer as indicated in the cut of Figure 24 consists essentially of a slender t aper-
ing barrel some 9 feet long mounted on knife-edges as a cradle dynamometer and with the model
propeller motor located in the hrger, down-wind end-of the barrel, fairecl in as a part of the
barrel form. The’ motor is connected to the propeller through a special form of drive which
transmits torque fvith longitudinal freedom. This general arrangement provides for the direct
measurement of thrust and torque which. are. weighed on beam scalM graduated respectively,
in hundredtha of kilograms ad in thousandths of kilogram-meters.

In order to provide for the independent measure.. of forces on the propeller model and
on the airplane model, the latter was suspended by piano wires from the ceiling of the experi-
ment chamber, the length of suspension being about 7 feet. This arrangement is sb own in the
cut of Figure 24.

For the direct measurement of air forces on the model, a piano-wire bridle was at t.ached
to the two sides of the model at shaft level and thus accommodating the propeller betwwu the
two ticks of the bridle leads. From the apex of the triangle thus formed n single piano wire
was led forward (up wind) through the honeycomb baflle, through and beyond the tunnel
inlet to the end wall of the building, and over a carefully fitted-up pulley down to a gross might
on the plate of a beam scxde weighing to hundredtha of a pound, Thus by subtrac~ion the
pull on the model due to air flow may be directly we~hed on”the scale,

--

In order, howevei, that the reading of the scale may be made to indicate air forces and
nothing else, it is necessary that the model, when in the observing condition, should hang in
the free gravity position; otherwise three will be a gravity component, plus or minus, included
in the scaIe reading. In order to eliminate any such component, the foIlowing operative routine
was followed.

The model, without wind and disconnected fromlhe piano wire leading to the scale, wa9
allowed to hang freely under gravity, and while so hanging a transit instrument, set up abreast
of the model and at the side of the experiment chamber entirely out of the wind stream, was
adjusted with vertical cross hair on a reference mark on a paper scale attached to the model.
Then, during the observations, the model was brought, by suitable fine-motion adjustments,
exactly to this initial or zero position, with the mark on the wrt~cd cross hair. Under them
conditions the scale readings may be properly interpreted as giving (by subtraction from the
gross) the actual wind forces on the model. --, . . . .-
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It k obvious, furthermore, that this arrangement may be used eit$er with or without
the propeller, mcl thus provide for a m~asurement of air forces on the model, either in a hom-
ogeneous air stream or as influenced by the operation of the propeller placed with any d.@red
clearance between itsdf and the forward edge or plane of the model. .

OBSERVATIONS

In accordance with the general methods indicated in the preceding section, observations
were made covering the various elements of the probkrn. These observations, with the result-
i%m~~u= of the vmiow coficienk, are given in Tables IV and V.

In the reduction of these observations, the following coefficients ha~e been employed:

CT= thrust coefficient (propeller alone) . ----. _.-------------------------____----.-____-= &

CT= thrust coticient (propelIer with plane] --__---- _-_- _-_-----------_ -------. ---------= ~
T–.il

CP= PO-warcoefficient------------- _----------_ -----. --------_ ----_ ---__ -__---_ ------= ~&s

CT “-F
q = eEioiency(propelIeraIone)orpropulsive@iciency(propelkrwithplane)--------------=~ ~

GraphicaI representations of these results are shown in the diagram of F~ges 25 to 29.
In these diagrams the individual vahws of the various coeilicients are represented by the

plotted points. ~ smooth curve as best indicating a continuous and consist-t la-iv is then
drawn through and among these spots, and such curve is accepted’as the best indication of the
Iaw relating the values of the gmflicien$ to varying V/nD. The ~alues of the efficiency T are
then derived from the smooth curves of these coticients and are plotted as shown in the various
diagrams. Tables TT and VII give, for. various values of ~/nil, the -mlues of the coefEcients
and result~a efficiencies finally chosen as best representing the continuous and consistent law
ubove referred to. .

DISCUSSION -

(1) lt willbe noted in allcasesthat the presenceof the obstructionbehind the propeUer
has theefkctofmoviqg totherightcm theaxisof ~jnllthepoint for zero thrust. !lljscondi-

tionisreadily seen to follow as a result of the slowirg down of the cohunn of air actually opera-
tive on the propeller as compared with the air passirg freely at the side of the obstruction.
For any given value of wind velocity as based on the latter the air column act~~ on the propeller
wdl be slowed down, the value of n for zero thrust will be decreased, and the value of T/nD
correspondingly increased.

As wilI be noted from the diagram, the amount of this shift on the V/nD scale is 0.05 orlesa for
the various propelle~ employed and for the amount of obstruction represented by theVE-7 model.

(2) From this shift of the point for zero thrust it naturally rwults that the curve for thrust
or thrust coefficient for the combined case as compared with the propeller alone starts farther
to the right and near the start lies above that for the propeller alone.

This means that for large values of V/@ the curves for propeller with model will be above
that for propeller ilone, as noted in the various diagrams. (Figs. 25 to 29.]

As the slip becomm greater, however, and the values of V/n”D become les, this excess
decreases, and the two mtrves ultimately meet and cross. For the conditions represented by the

* present research this point of crossing is seen to be not far fromtheva.lue of V/nD forbest efficiency.
Beyond this point the curve for thrust coefficient lies below that for the propeller alone,

thus showing, for this part of the range, a definite loss in value for the propeller in operative
position forward of the model.

. (3) It thus appears that for large values of V/nD the presenceof the model resuk ti a

deflnitaincreasein the net propulsiveeffortderived from the propdler,vMe for moderate

and smallvaluesthe reverm isthe case,and, furthermore,that in generalthe lattercondition

flossof net propulsiveeffort)obtainsOVW, that part of the range which must be employed in

pra4%icaIcases.
(4) Similarly, as for the thrust coefficient, the torque, and hence the shaft power coef-

ficient for the propeller with model, is increased for large values of V/nD and decreased for
small values, with a crossi~~ point usually at a smaller value of V/nD than for the thrust coef-
ficient. These conditions are plainly seen in the diagrams of F@res 25 to 29.
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(5) In consequence of these relative changes in the vslues of the thrust and povwr coef-
ficients, it results that on the axis of V/nL) the point of zero efficiency (for large values of F/nD)
is carried to the right (Iarger W&S of V/nD) for operation with the model and that generally
for large vakes of V/nD the propulsive efficiency is greater with the obstruction than with the
propelIer alone. On the other hand, for srual or medium vahm of V/nD the propulsive &i-
ciency for operation with the model is 1- than that for the propeller alone.

The two curv~ of efhciency thus cross and the point of equal values is seen to be, iR general,
at a value of V/nD somewhat larger than that for the maximum value on either curve.

Likewise it ia seen that the maximum -dues of the propulsive efficiency for operation
with the model me in all cases less than those for the propeIIer alone, and in particukr that
this loss in efEciency is carried over the rarge of values of V/nD from those for masimum vsJue
of dhiency along the direction of decreasing values (increasing slip). Due to ,Iimitations in
diameter, it rewik in the normsJ case that propellers must be used over a r~ae of values of
~/nDj beginning with a large -w@ somewhat 1sss than that for maxim~ ei%cieficy and ex-
t~ding owr a small range in the direction of decreasing values. It thus follows that the air
propeller in the normal practicrd case must be used over a segment’ of the ef%ciency curve
beghming near but somewhat to the left (as here plotted) of the maximum value and extending
to the left over a range of decreasing values of efEciency and hence ovti a range where the
effect of an obstruction, as represented by the nose of the fuselage or other part of the airplane
structure, will be to decrease the propulsi~e efficiency as compared with that for the propeIIer
rdone at the same value of V/nD.

(6) The momt of the 10SSin proptilve effickcy over the working rmge isseen to wry
between some 3 and 5 per cent, and so far as these present observations indicate such loss is
greater with high pitch ratio than with low and with narrow blad~ than with wide.

‘iVhiIe these conclusions are in general agreement with those drawn from other similar
krrestigations, the number of variant forma in the present research is too smalI to warrant the.
drawing of any final or dalinite genera3 conchsions regarding the character of the relation
between such loss in propulsive efficienc~ and the detaiIed characteristics of the propell~ form.
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.444

.aw

.231
ala
.2s7
.=
.192
.163
.149

\-

----
-.

-.
.. -.

-.

-.——

.

--. .L—

. . . .

-—

●

. ,.
.-

—

.- -... - ;-.. . . “ <-
.-

1+ “_-

-.
.

.-

.:

“ -..- ”...

_., ___

-. -
... i. . . . . . .. .. . .
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TABLE II -

POIVERFLIGHTDATA

PROPELLER B’

j- ‘“”‘“
,..-,-:.....--------.:.,.,..;*:.” T’ HP.L,”’

,,”.:”.> .,-. ,ki:, -
. .. -~ -. .- f- . ..

>,, .. .
1,016 ;14

&

~ : ~;;
$8 :: ~ *1

165
1,s01 ““- : EJ

““ %
& : “: .& ~8J

a

I*

a 128
-..... : :1-+ .._. — la)
. . . . .. . . ..’

.

w .

“a
Arr Se

fD
.#$#-

126
IL I

:1
u“ 5
;:;

.3 ~

,---. -,,.J ....j-

Fli&lt

run
No.

8PedUa
Wdght,
W#and: 0?Ane

attack .?”

.,.

;,>...

:.-

-
CIW
.682
.076
.710

;:

: !!%
.0

&.4

97.0

i%!

lM” 8
146.6
174.9
1$7.;

CL@
.0447

“:2

:g

.03.!4

.(U33

.Dn7

C-2

E
8-2

E
6-4

E
6-7

“a 0748
.0748
.0746
.0744
.0724
.0721

MJ

.07$5
‘i-’.di-+-

.--...q

PROPELLEB l?’

..—.... . . ~ .T

a om 8%. 1
.0737
.073tl 12:
.0737 m. 4
; :7 18&$

.0747

.0745 1%;

.0747 116.Q

.07+7 18L1

.0765

%J Hi!

.0745 % :

.0702 1$9.5

;O$ “+%;

8Lb”
.:34
.0710 IE :
.07M 1147
.07M ;8J g

:% 1098
: Omm 1345

107.0
. 075s- 0.0

a 345 y&y
.369
.m .(M7

:% :%!
. Km

.410 . Km

.464 . lam

:“FJ +!!J.i

.057 .0704

.7@ .W2

.701 .0551

g ! %&

.m I h#

:% I WIJ !.

.617 I .0736 :

.bm I .070S i
..em .0965
.W .0649 :
..7M . 05$s
.79s .(IYJ4- !
.0 ~-—_._l

,.a

,am
~~
.OGa

‘:;
.m“
.‘w
.?77

. :%
. 7b7

.,:%

.ma

.7?8

:%!
.528. ~g
.bm
.522
. m
.714
.W

:p

.-

., ...

.,

... ... . .—

.

.

,-,.
..*.__........

.. . .. -- ,

PROPELLEB I

. . . . ...-.-. ----
1,951
1,073
y:

2,024
&0%

:44J aomb am
.0647 . Oma

.& .0782 . CrU51

.699 .0609 . 0s9

.667 ,0022
~~2] .0s42 :%

r~

.a117
.851 :-% ..03s6
.481 . ,
.72a

:Mb6
,W4w

.:% .

g ES& g

,;~ : %J ‘ :H?
mm

.0 ;

.7-!2 --:&& . , :%
.,.666 .0b29 ,a513

.706 .042? .0423

.71’0 .04.s0 ,0462

.im .0496 I .0447
. . .

62
4+
4-4
4-6
4-6

::
5-2
5-3

*Y
XI-2
20-8

20-5

m-7
~

21-2
21-3
214
Z-7

.—.
. . ...—

“.

::-- .:
.,. .,+
-.. , .-
.. . . . ...

..

i.. . .-.’ -. .



COMPARISON OF TESTS ON ALS PROPELLERS

TABLE 11-C!ontinued
POWERFIJCl~T DATA-COnHn@

I I “1
v

: S&

.Oea

.7UI

.744

.0

.814

.i’io

. no

:%
.695
Ag

. m

.710

:%
.&al
:%

.722

.788

.0

?mkt

run
No.

%“ w I

i-i
lL8 am
as y6J
6.2
47 %054
ae & 049

Di

I

TSpesmc
weight,
~fi

aoi394
.06i2
.ma
.ow
.0679
.om
.mn
.ml
.c@Jz
.mm
.074
.m
.om
%
.KM
.0704
.0744
.0744
.0761
.076!
.0754
.m?
.ow

Cr’cf?

IP. M.

i—,-—l—
lL 3
1o.5
&h

:!
..—.

4=:
–:8

IL8

.%
-6.1
–J. o

0
142
13.I
IL 4
9.4
7.2
0

I
------

4a4
. .. -—-

4n
62+5 402
610 267
465 485
359 4ea
4.30 45s
511 m
696 41
~

E
48s 48-!
210 n~
zlg m
243 65(
m 611
322 m
474 474

ao-
2C+
30+
~

2a-
24-
13-

1 .--&-

T
U7!M a 0554
.406 .OQao
.462 .0944
g -w

.MwJ

.2871“:p .0559
-.-. —--- .

. no .06io

.699 ;%

.739

.7E41 .0475

.7X4 .-

PROi’_E L’

1%1 0.0744
1*2 .OzM
18-3 .0727

.0i20
E-6 .Om
m-o .0733
m-i . 074s

~= :g

;g~ .0i29
.0742

IU.7 .0ia9

.-
:-.~-.“ ... - -—-..

.
.. T.

.

. . ---:-

loi 5
M-LI
171L1
179.6
107.6

>

/



1{EP()~’r NATIONAL ADVISORY COMMI~EE FQR AERONAUTICS

TABLE III

FINAL ADJUSTED COEFFICIENTS, FULL SCALE TESTS

PROPELLER B’
. . --------

~nD
l—

rLsJ

.40

.45

.&l

.55

.@)

:%

0.34
.8s
.40

:%
.55
.50
.65

:x
.51
.s5

Cp I Q

a 610
..559
. ml
.663
.ml

:%

.:2

PRO PELLER D’

0:O&l

.Oom

.0078
!.-’

I $&J

. am

.04
Y.051

.“0471

a406
.817

:%4
.643
.m
.705
. il?a
. 74a
. m
.760
.754

t

PROPELLER I

I13J

.40

.45
:6J

.59

.85

.70

.76

PROPELLER K’

niiiil:!%!.Cbw .0473
.0049 .0452
.0503 .0447
.0530 ;g
.0466
.04co .G3sK “
.0329 .0367

a4w
.546
, ml
.644
.ms

:%
.763
.706
. 7M
.730

-.

—

.1

.

.,

-. ---
a403
.mo
. 61S
.6ss
.703
.730
.740
.7M
.727
.680

1 .-. -.. . ... ,+

&w
#w
.40
.45

:$’
.ed

:%
-5. .

PROPELLER L )

b. 450
.HM
. (M6
.012
.@s5

%
.736

.744

.?m

. .. . . .

.

..-

,. -.-— -. -.-—

-.

—.

.= ,. ,.=—

. .. . ...

. . .,— -x. . .

.,. . . .. .. . .. . ..—. -.-=

. . . -.. . . _——.—

. . . . ..-.



COMPARISON OF TESTS ON AIR PROPEtiRS

TABLE IV

TEST DATA—MODEL PROPELLERS ALONE

PROPELLEFZ B’

*

f

l...–
1--–. ::
8-----
4--- :&4
6--
6-- ?kZm
7-- 3.m
8-_ 2.n4
;6-.-: 2.734

2s94
11---- 8.67S
12._ 2.oi4
13_ :Ig
14---

1
1--
2.-_.
8___
4-----
8--
6---
7-----
8-
9---
1o----
u...-

::
3.12S
3.m
a.236
tL440
2.267
3466
km
.2W

r R. P. M. T

5L 90
5L 7S
SL 7Q
6217
52*
6a3u
5475
M 14
64s6
:;

I
1...- 2436 46.%
2..-. 3.21s 522s
8--- 3.510 54.76
4-.. 2.60,? 46.s6
6--- 3.660 6h21
6--- 4a!m

UJ
k-

6a&

‘1.-.. z 708 4QC13
lo... - 3.s16 57.22
11---- 3.94s
12.-.. 2W7 22
la... - ..253 17.42

7
1.-...
2._.-
;_:..

5H--
6----
7. . . .
::.:.-

1o.:.:

Q
-

(1705
LZX’
L124
L694

HH
3.m
2.121
L 137
&m
am

It E
LS07

PROPELLEE D’

Fj’nD Cr

0.295 L045
.922 A&

kg .742
a Is2 .M6
:. .593

.642
7.054 .4s6
a446

m 027 %
i’.M5 .151

0.0 : o&w
.02m
.0411 .0447
.Olw .0519
. 03s1 .0572
.0m6 . 0S12
.m5 .0?30
.Ow .0652
.0a55 .0657
. UxQ .W4
.KHo .0229

PROPELLER I

ao 0.604 a w
z pt& :%
m-x :%?
Km :W& L 479 .760
1624 z m .725
1423 &m 224s .m
1374 2.!29),
Lse4 1?% Lwi’ :E
1313 IL 910 4. lm .640
ZJ17 2L 170 .4%

am 1: E .427
26#1 33.070 9.704 .277

83.070 z 470 .147

PROPELtiR ~

K lol
& 246
2.806
2.24s
2.411
3.47W
a.W2

U!?
.377

ta35
6ZW
la24
mI.90
64.20
65.10
bL %
E41S6
5L29
ls. ra

0.023
:%

.W

.6U

.611

.422

.239

.260

.140

ao
. 0M2
.0290
.0410
.om
.0322
.0712
.0751
.0761
.OMa

a 0133
.0247
.W)6
. CS57
.C#J
.0429
.M4s
.0452
.In55
.0420

.

PROPELLER L’

1
L----
2---
8-----
4.-...
6. . . . .
6----
7.-...
s....-
9----

10----
lL----
12-.._
IL.. -.

8.C42
2.902
3.M5 .
3. Ml
3.0%8
2.227

;%
&m
3.5s3

:%
.23s

UN
1143

Mm
1453

1766

H

m20

2W

Lo

kg
h2a2

:!s
LL7W
la 207
2L 16s
26.702
25.27s

%$?6

am
. 3i4

:%
.704
.663
.6s2

:%1
.464
.422
.2W
.L61

Ro
.0183
.W3

:%
.0607
. on7
.0is2
.Cm2

:%%
. lm9
. 12Si

Q0221
.CG26

%
. Mm
Jm6
.056i
.05ss

:E
:0625
.0653
.M31

295

-%’=-
.—

4

.-
.

-=

. -..

.. .
,-
.-==_-

.—--”.+i-

>.L

, L--

.—

-— .—. -J-.+

.-

.-
7-

.-

.+=
.x-

.-

..:-—*

-*—u-

.. :. -

-

7-

.“:,-.

.
.-_&--

= .=
.-+---

~. —

?“”
—J

.— --
.

.t.-r_-

64.?-26?.
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TABLE V

TEST DATA—MODEL PROPELLERS ‘iVITH MODEL VE-7
PROPELLER B’

T

——

Aug.

io
. m
.214
. am

%j

ig
1.221
1.6X0

k%
11%1
!4729

k%

HH

.-. . -.— –+.. . .-—... .. ...
V/nDL P. M. Q ..

!Z

i~
L426
!lm)
!z.Im
2.046
2.%56

‘“i#
“.&038

6.467
6.m
7.ala
2.2s4
D.Wa
Q.728
L 412

0:ag

.201

.742

.719

.668

.S41

. m

.674

.M2

.514

.494
:%

.424

.296

.691

.s70

.224

. WI

;:::: :8!. ... : :2J
4. . ..-
6. . ..- am
6. . ..- 2.K32
7...- 2620
.s:::-: 2-024

10..-:- 2%
11.. . . . ..& 691
la----- & li6
la- . . . 2.039
;;:::: ‘~~27

16.. . . . X77$
17..._ 8.239
18-... , x810
19...-. .%264
20.. . . . >.137

1Y2
110?
g

1457
Lwl
Iwo!&

mm
1761
g

2Z41
2M2
2270
%29

~7;

0.0 ! ILowl

1. _.. .

.

>=:

:=.
0.0 (t 0188
.02a2 _.:GG.
.04m
.0323 .0M6
.0672
.0748 :E
. mlo .0628

-am .olw7
.Oam .0242
. rraa2 :%
. oaaa
.1100 .0402

I l-–-
2._.-
.a-...

; 4._-.
! :5:.::

; 7..:..
, ::3:-

10.. . . .
ll----

~ 12----

905
10.91
1196
1278
1676

g

2?S3

2236

L 105
.066
.847

:%
.W
.R12
.454
.4M
.W6
.2s4
.117

..

..—

c. ... _.m v_..

#
I .—I

PROPELLER I

—.

.. -..— .. ....
I.._-.
2. . . . . .
a----
4. . . ..-
6. . . . . .
6-—-.
7. . . ..-
8-----
9-----
lo_...
11. . . . .
12. . . . .

2 4&5
.a 691

..XOW
!21Be
!4703
z 714

.~E&

:0#

:2

am 0.0
.880 .0170
.792 .6240
.629 .0471
.810 .W?70
.&w ~~

:% .0771
.4M . ma
.$74 .Wa
.127 .1040
.U9 .1046

a om
.0298
.Ow
.0461
.04%
. Mlo

%%
.M46
.0552
.0610
,.0w7

1%?
1218

1682

h?
2170

ml
1418

ao
L 828
2.277
6.291
& 270

lL 910
10,210
2L 170

~%

!M.680 ,,
-

.-
,.-

. .s

——

—.1 — — . --
PROPELLER K’

—-— .-

,.

. . -.

——— .

I
l.._. - ‘ a 027

:::~: .; g

L:-: las
i6._... :: 648

7...-. 7X146
S..-.. 3728
9___ X 2L9

11..::1 “W
12. . . . . 2.9M
la. . . . . Km
14. . . . . a 326
15. . ..- .2.625
16..._ 2.Ml
17. . . . . .217

.

aw
.244
.787
.852
.612
.670
.647

g

.426

.2M

.268

.846

.81Z

.2S6

.117

:&o

.ml

.’ml

.021

.653

.601

.42a

.892

.Y47

c..

-..

—.

. ....—
no (LO

.0210

%
.0346
.(G’26
.Cw2
. ml
.0926
.1149

L.... 9674

2:::: ;E
4. . . . . . 9.462
5._... a 447
6..-.–– -2.400
7. . . . . . z62a
8____ 2714
%.... - %718
10. . . . . . 1?7

,



#
-.

COMPARISON OF

TABLE VI

FINAL ADJUSTED COEFFICIENTS—

MODEL PROPELLERS ALONE

I

TESTS ON MR PROPELLERS

TABLE VII

PENALADJUSTRD COEFFICIENTS—

MODEL PROPELLERS ViTTH MODEL VE-i’

.

—.

PEOPELLEE B’ PBOPELLEB B’ .:
-- .-,

v

u 681
.W8
.627
.e86
.6Q5
.714
.7X
.714
.618
.6M
.457

Cr IG% ...-

CL669
.612
.659
.697
.7M
.na
.786
.711
.656
.628
.813

CM(J :%

.40

.46 :%3

% : E7
.60 A&
.03
.70 .O$M
.73 .0228
.40 .Olsl

I

.

.

.:

PROPEL<ER D’ PROPELLER D

ILm&

.W42

:%3.MM
.05s9
.01si9
. 0s56
.0619

%%
.0419

am
.m
.672
.616
.Wa
.0s7
. n4
.785
.749

:%
.736
.X8

:&o

.6L6

:x
.7m
.762
.774
.iss
.791
.i83
.752
.6XI

LISJ

.40

.4s

.s

::
.63
.ia
.78
.m
.85
.W

.—-
.....—

,.=
—

. -—
._...”———-,

PROPELLER I PROPELLER I

Lm54

I

a 684
.697

:$% .683
.054s .672
.0.532 .704
. 0S18 :%
.0492
.U62

:%
:%% .7%
.a?.k9 ;=
.0204
.0201 .821

&80
.s5
.40

%

::
.65
.70
. ?6
.Ea
.s
M

-

.—

.

—

- ---

PROPELLER K’

: 0.50
.25
.40
.46~ .W

1 .55
.60

I
.66
.70
.76~.~

1
..s5
.90

.
a ow lls5J
.0482
.0449 .65a
.0444 . 7W
.M2S .784
. M17
. Wa : -%
.0375 .m
.0249 .774
. 031s :%
.02Ea
. Ml .62s
.0196 .266

0.614
.6Cd
.811
.64?4

:%

:%?
.m
.697
.641
.566
.425

.= —
...=.

.—
.

●✎✝

✎✍✍✍✍
✎✎�I

PROPELLER L’ PROPELLEB L’
-

0.478

:%
.020
.653
.m
. n3
.729
.737
.732
.2V5
.W
. m7

CLal
.a5
.40

::

:$
.05
.io
.75
.42)

%

8

..—
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,.

TABLE VIII

ORDINATESFOESEOT1oNsoF E!!.oPELLFJRL’
------ ...-

T
37.22’

+

8&39’r

-

upper Upper

0.161” :lg
.Ooo
.047 .m4

L 271 .Sm

;% i%
LW L@
1629 .Wa
L3W .003
L 130 .763
.901 . 6s1
.662 .362
. lW . Wo”

147.63”i ~dlm . . . . . . . ..- mm” 43.fw

Uppex Uppof

I

“1
Rari. L. E.-_—-
2.8....-.——–.
hi::.::: ______

— . ---
20-:....——.
30-- . . ..__——
40-.. -.. —----
%- . . ..-—---
60... -—------
70__ .-—-----
30. . .._.— ---

; W... ‘-------
I Rad T. E---------

O-WY’
0.860 ILS16
Lf%6 . 7%8
L660

i%
k% 1.!251
!2.M3 L~
L 090 L 102
L 616 l.’oh?l
1.646 . ‘am
L 173 .702
.732 .438

0.361”

0.3’Y
0.914 0.0!4
L 816 .Om
L 761 .111
3.117 .134
2.22s .140
2.2X .140.
z 117 .134
L940 .121

. m4
?; ;%

O.lw

(lag

.34Q

.470

.566

,:%
. mm
.616
.441
.233
.X)9
.046”

QJ3.i#

.22J

. 3M

.343

.385

.3a2

.3S5
;%

.210 ‘
.. 1s4
.629”

6 - :.-, . -.-—. ~=
L + :-----

Ail ordh9.tE8 ininck.
6tationa IIIpar cent of chord.

ORDINATES FOR SECTIONS OF. I?RO?ELJ.WL K’ .- —.. - ..--,

,727.2Z’ mm” 43.W

Uppm

1
47.W

Gpper .

y)g

.163

.m

.247

.259

.268

.247

.226

.102

.146

.0s1

.Om”

..-

Radlua . . ..-.. ----- \ “ 10.30” 19.OY’

.mk..-.+,waw’a UpparUpper I L.awar upper

# 0:Cg’

:%
.657
.602
.636
.647
.604
.518
. 38Q
.242
.063”

:Bg

.232
;m;

S#
.248
;a&

,137
.w’

-

Rad. L. E---------
Z6_ . . . . ...-_..
6----- —...
lo-. .-... __.-..
30-. ..__. _.._.
m--- . ——----
$::::: ___

--- —.-
oo--._-——
do--- . . .._—___
ml------------
04L. . ..—_ .
Rad. T. E.- . . . ..-

0.784”
0.671 a343

.403
1:E . 6@l
1.wa .704

.336
.U% .330

;g :;

.7m .407

.437 .!W
0J70”

O.ml”
0.611 am
. S79 .055

L 173 .013
L411 .W8
L4M .W
1.470 .021
L 111 .W
1,m4 .078
L 101 .W.3
.333 .062
.619 .CB3

O.IIXY’

& lW’
.441
.034

i=
L 072
L M2
1:Oly

:%
.876
. w’

I

All ordfnate9 fn inohe%
Statlon9 In par oent of chord.

,,

—

.*

-.. .: _—
ORDINATES FOR 8ECTIONS OF PROPELLER I

47.63’!mow I 27.22”

-t-

86.39” 43.3fv

Uppw Upper

Radium--. ...] low’
1

L

UpperC*”:”-----------
aOS&’I o.043J’

.612 g

.636

.s2s .471

.360 .406

.300 . 42Q

.W . 4n

.767 .430

.m3 .2-27

.487 .27a

.306 .174

. ma” .038”

0.272$’
0.762 0.049

,.ms
:g .002

,113
i S!m .117
L340 . J:7
L 767
L 017 .,08
L 377
L042

$#.

.630 .041
O.lm”

\ ‘0.133,
1 .560
,.. iw

W!
L 337
L 326
1.271
1.166
. ml
.746

““ .4W
. law

f“

FWL:E . . . . . . ...!
2.&. . . . .._.–---J
6.--_ --—
Io_.-._—_.

-1

I

m------------ ,
20------------
40. . ..-_.._.
60. . . . ..–--..
60------------
70. . . . ..——-.
so. . . . . . . . . . . . . ..-.
90. . ..-.. .-_...-
Rad. T. E- . . . . . . .

&#/
a427
.615
.s22
.091

L 040
L032
.Pm
.Wd
.770
:%

246”

0.033”
.133
.193

%j

.324

.810

.232

.242

.182

.114

.024”
..- . . . .. .,:-=

A1l ordlnatw fn fnclres.
StatIons h per cant of ohord.

—
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TABLE VIII+ontinued

ORDINATESFORSEOTIONEOr PEOPELLERD’

f

Ra(l. L. E.-.. ----- a.9iif’
2.6_. -–—___ o.ds6 0.410
;6::::7 .6s9

ig
20-.--–.--–- LK9 :=
20----__- .Ua6
40.-..-—-— :E .s90
60---.–--.––– L 5SS .049
6%--.-––— .S4a
70-------- k% .72Q
so--.-----.--–– . a27 .Ma
au-------------- . 5s6 .351
Rad. T. E______ 0s

AU ordlnate9h fncks.
StatIon In per cent of ohord.

upper ; LaWer

r

up~

0.2W’ ~ ~Pt
a720 aw- .526
L 053 .W
1.4M iE
L@32 % L222
L~ .118 L%
L 764 . m L 2i5
L 6S2
L 661 :&? 1 ~~

L 819 .W .s52
.W6 .022 .720
.623 .041 . 46L

-,, ‘. w

88.04” 4LiT’ I 45.6$”

a 047” a,m=l”
. 1s4
.m .185
.673 .247
.44
.m :%
.470
.44s .!m
.410
.851 :%!

.173.
:% “. 110
. m“ . m,,

..—r.:=
-.—- -,

,’ .z:. ---

ORDINATES FOR SECTIONS OF PROPELLER B’

“-l I
R9dlos. -_—_ 11. w

camber---- up~ LOWE%

Rad. L. E-

1’

a QY2’
%6-------------- a 745 0.446
5-------------- 1. oil .639
lo-_-__._— 1.4?3
2a----—_ L 724 i~
a)--------------- l.sw LCU
40--_—_— L7Q5 1.m5
&)-.------—__ L724 L031

L 5i8 .942
%:::::=:-- ~ g :%
m--------------
al----------- .626 . 8s1
Rnd. T. E---- a w’

Irpp Lower ~ upper

t
& 300”

I

0.7s2 M& ~
L 142
L 63) :% I
LSM
LP!M .,= i
1.915 .122 ‘
Lsw
L&% I:Z ,
L422 .092
L 0S1 ;% I
. 6i6a ~5/, ~

Ml ordinates in inch=
8tations in uer cent oKelmrd

REFERENCE

T
up- upper

a 090” a ow
.Mi .211
.WJ .W3
.710 .405
.654 .4s9
. WI .512
.s31 .510
.s54 .4s6
.782 .446
.C87 .ss1
.m .2s9
. m .lso
. oil” .029”

1.IV.S. DLEHL: The Variation of AerofoilLtit and Drag Coefioienta with Changesin Sizeand Sped.
Technical Report 111. 1921.
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