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INTERACTION BETWEEN AIR PROPELLERS AN) AIRPLANE
STRUCTURES

By W.F. DCRAXD

INTRODUCTION

This in-restigation was conducted at the Stanford Uni-rersity by the National Advisory
Committee for Aeronautics at the recluest of and with funds protided by the Army Air
SerTice.

The purpose of the in-restigation~ the results of -which are presented in this report, was the
determination of the character and amount of int~raction between air propellers as usually
mounted on airpIanes and the adjacent parts of the airplane structure-or, more specifically,
those parts of the airplane structure within the wash of the propeller, and capable of producing
any signticant effect on propeller performance.

In report No. 177, by Messrs. Lesley and Woods, such interaction between air propellers.
and certain simple geometrical forms m-as made the subject of im-est.igation and report. The
present investigation aims to carry this general study one stage further by substituting actual
airplane strur.tures for the simple geometrical forms.

From tke point. of tie-w of the present investigation, the airpIane structures, vie-wed as an
obstruction in the wake of the propeller, must also be -iiew-ed as a necessary part of the airplane
and not as ari appendage which might be installed or removed at -will.

.4NALYSIS OF PROBLEM

In order to e.shibit the quantities im-ol~ed and their mutual relations, me may employ
notation as folIows:

Let R= resistance of entire airplane without propeIIer at speed T’, and in horizont aI u~ac-
celerated flight. This is similar to the towed resistance used in similar problems in ship pro-
pulsion. It wouId be, in fact, the towed resistance if w-e could imagine the given airplane tovred
through still air at speed T“.

Let the structure of the airplane be considered under three heads:
{1) The part under the influence of the propeller.
[?) .. sma~ or moderate amount of outl~ing structure, beyond that in the immediate wash

of the propeller.
[3) The remainder of the airpIane.
Let R, =resistance due to Part (1) without the propeller and at speed 1’.

R,= resistance due to Part (2) at speed F.
B,= resistance due to Part (3) at. speed T’.

Then R= R1+-R, +R3.
.

Let A = augmentation of resistance of Part (1) due to action of propeLler.
T= thrust actually developed by propeller at air speed T“ a~d with a gi-ren value of

~bdl and when operating in place on the airplane.
Then T is the total thrust actually de-reloped by the airplane under operati~e c.ondit.ions-

as abo-re md we shall ha~e
T= R1+A+R2+R3.. -.-----.--------_-_---.____--(l)
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We may therefore ~iew this total T as rcmde up of hvo
R,+ R, -I-R~= net or useful resistance overcome, ‘

FOR AERON A’U!IICS

parts

A = augmentation due to action of propelIer on the airplane.
Obviously then, T– A = R, + R, + R, = useful resistance overcome. --------------- __ -_ (2)
Likewise

A=(R1+R2+R, +A)-(R, +R2+R,)
or

.4=(R1+R2+A) -(R, +R,)- .--.-.--.-_-__---_------------(3)

&o ( T– A) V= useful power.
Let Q = torque.
Then 2% n(l = shaft or input power.

(T–A) V
Propulsive efficiency = ~1= ~r nO

------- ------ ------ ------ ------ ------ ------ --- (4)

This value compared with the value of ~ for the propeller operating in free air, and with the
same value of V/nD, will then give a comparison between the propulsive efficiency and the free
air efficiency for the same conditions of operation (same value of V/nD).

Suppose now a model to be made representing Parts (1) and (2) of the airplane—enough
to surely include all parts of the airplane which can interact with the propeller and a little more
for good measure. Then with this model and with the corresponding model propeller, Iet us
assume a program of three series of tests as follows:

(1) Wind resistance tests of the model free.
(2) The usual tests of the propeller free, giving for a series of values of V/nD, values of

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

usual measurements on the propeller, all carried out at a series of values of V/nD.
Then for any test under (3) there will be a resultani T with e, certain V/nD and a certain l’.

This is obviousIy the actual thrust developed under operative conditions. The same test will
give likewise a value of (l?,+ R, +A), the augmented resistance of the model. The preceding
experiments will have given for the same V the value of (RI+ I&) the normaI free resistance.
The’ difference will give the va~ue of A, the augmentation due to the propeller, and this sub-
tracted from the value of T willgive the net or useful thrust realized. This is then used as
indicated above, and the value of the propulsive efEciency thus found.

It wilI now be seen that the division of the structure of the airplane into three parts as
above specified was for the purpose of indicating the possibility of eliminating Part (3) from the
model and of thus limiting the latter simply to the Parts (1) and (2) as above noted. This makes
possible the use of models of relatively Iarge scale with the attendant advantage which such
modek give, and which are too well known to require specia~ note.

Approaching the matter from a d..ightly different view point we reach the same result as
foIlows :

Given the model and the propeller in operative relation. The propeller, under specified
conditions, develops an actual thrust T. In so doing, however, it has increased the force react-
ion of the air on the model by the amount A. This amount A must then be deducted from T
i~ order to find the net useful thrust developed for propulsive purposes—the thrust which is
equal to the towed resistance of the airplane (complete structure) and which airplane such net
thrust ( T– A) would serve to propel, could the operation be carried out without any interaction
between airplane and propeUer. The actual input power under thise conditions is then the
power which must be supplied to the propeller in order that, operating in front of the airplane}
it will deveIop a total thrust T equaI to the free resistance at the given speed plus the amount
of augmentation which its operation entails.

From still another view point, suppose we imagine a propeHer at, the extremity of a shaft,
say 1,000 feet long, extended out ahead of the airplane. We may then assume the interaction
between the airpIane and propelIer negligible, Then both propeller and airplane will operate as
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in free air and the resistance of the latter will be the free air or “towed” resistance as referred to
above. Obviously, the propukive ticiency here will be the same as the propeller efficiency in
free air. If then we imagine the shaft to be gradudly shortened in, there will begin to de~eIop, in
due time, an interaction between the airplane and the propeller, as a result. of which both the
thrust (pull) developed and the resistance to %e overcome will increase. FinaUy with the
propeller in its normal relation to the airplane we shall find a notable increase in both, and if the
engine is driven ad such speed as -wiI1serve to gi~e the same airspeed of the airplane as before, we
may consider that the same net useful result is accomplished. This useful po-wer wiH evidently
be ( T– A) V and the input power to accomplish this will be 2m.Q—t.he power resulting from the
actual n and actmil Q. The ratio between the two will then give the propulsive eficiency under
the given conditions of operation.

A physicaI cause for the augment of wind reaction or force on the airplane is found in the
augment of velocity of the air in the propelIer wash and which flows against the front of the
model.

Likewise, a. physical cause for the augment of thrust (pull) demIoped by the propeller k
found in the slowing down of the air ~elocity as it approaches the propeller and in consequence of
the obstruction represented by the airplane. With a given value of n, the thrust increases as the
airspeed decreases and in consequence, if the central column of air approaching the propeller is
slowed down reIative to its -velocity in the case of the propeHer free, the latter will show a corre-
sponding augment of thrust developed.

Certain aspects of the phenomena as obser~ed in the tests covered by the present report
suggest that there are other conditions which must be included in order to obtain a complete

.

account of these changes in air reaction and in thrust. At. the present time, howe~er, data are
not available for any further statement regarding the mat ter.

MODELS EMPLOYED

In order to realize the purposes as abo~e indicated, three models were constructed as follows:
Model .4 represents a part of a

ihick wing section under study by
the Army Air Service with reference
to its availability for ~~e in a new
type of bombing airplane. This
modeI k shown in Figures 1 and z..

The throat diameter of the
mind tunneI at Stanford Uni~ersity
is 90 inches and having in tiew the
maximum over-all size of model -36” 1

P
I 57”

which it seemed wise to use in a
tunnel of fihis size, it developed that,
with the propellers in proportionate
size, a diameter of 24 inches was

FIG. I.—ATightbomber, type XIII. Model A. Stanford University. (See Drawing
M-2102j Air Engineering Division U. S. A.

indicated. Accordingly the propellers were made of this di~eter, and the model of propor-
tionate size, the wing section of the model extending 6 inches beyond the tip of the blades, and
thus having an over-all breadth of 36 inches.

Model B represents the central power plant installation of the same design as for model
A. This modeI is shown in Figures 3 and 4. The mo;e immediate obstruction in the case
of model B k represented by the machine w turret immediately back of the propeLIer, by the
Ianding gear a little farther away, and by the wings at a stiIl greater distance. In the case
of this modeI, with the front edges of the wing so far back of the propeller, it was not convenient
to carry the wing back the distance of its entire chord. Ik ~as therefore carried back in regular
form for a part of the way, and then faired down to the trailing edge more abruptIy than in
the actuaI design. See dotted lines of Figure 3. This gives a wing of shortened chord as
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FIG 2.—l’rodel A
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FIG, 3,—Night bomber, type XIII. hIorlel B. Stanford Uni~ersity. (See ch’awi~g M-2102, .4ir
Eugi~eering Division U. S. A.)

FIG. 4.—Nfodel B
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compared with the reguIar wing of rnodeI A. Experience with the character of the reaction
between the propeller and the adjacent parts of the structure, and especially with the parts
which are most iduential in producing such reaction, gives good ground for the belief that
such a shortening up of the chord, with the wing as far remo~ed as it is, will ha~e no importarit
influence on the results so far as the propeIIer is concerned. The aerod-mamic properties of
the wing wouId of course be difterent in themselves, but it is not- here a question of the aero-
dpamic properties in themselves, but rather of- the d@~ence in such properties produced

-,

by the propelIer, and of the d@vwncc in the performance of the propelIer proclueed by the
proximi;y ;f these structural elements.

ModeI C represents the front end of the fuselage of
the DeHadIan d airplane as shown in Figures 5 and 6.
In this case, ha~ing in ~iew the distance between the pro-
peller and the wings, and in order to simplify the construc-
tionof the model, it was decided to omit thewings entirely.
WhiIe therefore the model does not represent all parts of
the airplane -within the wash of the propdler, aIIpre~ious
tests with obstructions indicate that in such a design the
rwiction between airplane and propelIer must in prepon-
derant degree be clue tdthe nose of the fuselage rather than

r

I DI

EIE= --
FIG. 5.—DH4 fusslage. ModeI C. Stanford Unkemity.

(Fu.wlage shortened to accomuwdate dymmometer)

to the wi;gs and tail surfaces. The nose of the mode~ was fitted with R-miremesh, 40 spaces per
inch, and wire 0.006 inch cliameter. This is found to have an air resistance closely comparable to
that of an airplane radiator of normal design. In adclition ancl for comparati~e purposes, the
moclel was ako run with the end ent irel.y open, and aIso bIanked off m-ith a sheet of hea~.y paper.

FIG. 6.—>IodeI C

Regarding thelac~o~ c;m-
plete sim.ilarifiy between air-
plane a~cl model, or more
particularly in models B and C
it. may be noted that with the
construction ancl set-up of the
d-ynamometer, this was un-
a~oidable. ~o~erer, a ~ery

considerable body of obser~a-
tion with geometrical moclels
as well as the results of the
present investigation with dif-
ferent mdues of the clearance
~U go to show the ~ery rapid

falling off of influence on the

propelIer with increase of clistance between the propeller and the obstructing surface or body.
These results all tend to support definitely the concision that the iniluence of surfaces giving

,genera~l-~ a frictional drag and afi distances of one and one-ha~ diameters of the propeller or

more. would produce an effect on the propeller presumably within the error of observation.
Pro penej-s.-The ~ro~eliers em~loyed were two in number, similar to ~To~. ~ and 3 of

Report
. . . .-
Xo. 141, and of mhich the principal characteristics are as follows:

PropeIIer No. 1, pitch ratio: 0.7.
PropelIer Xo. ?, pitch ratio, 0.9.
Diameter, 24 inches.
Mean blade width, 0.15 r.”
Maximum blade width, 0.1S r.
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The blade shape (developed) and the forms of sections at radii 2.67, 4.67, 6.67, 8.67’, 10,67
inches are shown in Figure 7.

The propellers are similar

I
1
1
I
I
I

I

E

Fm. 7.—Plan form and section of propellers
with.7 and .9, p/D

in all respects except as to pitch ratio. The face pitch is uniform.

NUMBER OF COMBINATIONS OF SIGNIFICANT ELEMENTS

In the case of models A and B, each model was tested. with
each propeller and for each of thee values of the distance or
clearance between the propeller blades and the nearest part of
the model. In the case of model C, tests were made with each
~peller at each of two values of the distance or clearance
between the propeller blades and the fuselage nose, and for
each of three conditions or degrees of nose obstruction.

This gives 12 different set-ups with models .A and B and 12
with model C, or 24 in alL

SET-UP OF APPARATUS AND MODEL
LT

It may be proper to recalI, at this point, that the wind
tunneI at &kmf ord IJniversit y is of the Eiffel type and with
principal dimensions as indicated in Figure 8.

The dynamometer, as indicated in Figure 9, consists essen-
tially of a slender tapering barrel some 9 feet long mounted on
kniie-edges w a cradle dynamometer and with the model pro-
~e~ motor located in the larger down-wind end of the barrel,
faired in as a part of the barrel form. The motor is connected
to the propeller through a special form of drive which transmits
torque with longitudinal freedom of propeller sh~ft. This gen-
eral arrangement provides for the direct measuemerit of thrust
and torque which are weighed on beam scales, graduated, re-
spectively, in hundredths of kilograms and 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
susuended by piano wires from the ceiIing of the experiment

chamber, the length of suspension b~ing abou~ 7~eet. The model, thus suspended, hangs entirely
free of contact with the dynamometer barrel and may bfi placed in any desired clemance relation
with the propeller. This arrangement places the model and the propeller in operative relation
geometrically while permitting of independent measure of the forces on each. This arrange-
ment is shown in Figures 2, 4, and 6.

For the direct measurement of air forces ~—/8’p ‘—[8’ 32~
on the model a piano-wire bridle was attached T“----
to the two sides of the model at shaft level @ ~n~ —

t
b

and thus accommodating the propeller be- k

tween the two sides of the bridle leads. $

= f

From the apex of the triangIe thus formed I
-..L

PLm ,,~ ,
a single piano wire was led forward (up

u

wind) through the honeycomb baffle, through FIG. S.—Wind tunnel of Stanford University (approximate sketch)

and beyond the tunnel inlet to the end wall of the bui~ding, and over a carefully fitted-up pulley
down to a gross weight on the plate of a beam scale weighing to hundredths of a pound. Thus,
by subtraction, the pull on the modeI due to air flow maybe directly }veighed on the scale.

In order, however, 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 there will be a gravity component, plus or minus, included
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in the scale reading. In order to ehinate any such component, the following operative routine
was follo-wed:

The model, without wind and disconnected from the piano tie leading to the w+e, was
allowed to ha~~ freely under gratit y and while so hanging a transit imfmment, 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 he motion adjustment,
exactIy to this initird or zero position, with the mark on the vertical cross hair. Under these
conditions the scale
readings ma~ be prop-
e~I~ interpreted as
gmng (by subtraction
from the gross) the
actual wind forces on
the modeI.

It is obwioue, fur-
thermore, that this
arrangement may be
used either with or
without the propelIer,
and thus provide for a
measurement of air
forces on the model
either in a homogene-
ous air stream or as
influenced by the oper-
ation of the propeller
placed with any
desired clearance be-
twee~ itself and the
forward edge or pIane
of the model. FIG. 9.—Generel flew of dynamometer

OBSERV.4TIONS

In accordance with the methods indicated in the preced~v sections obsermtions were made
covering the various elements of the problem. These observations with the resuhing -dues
of the -m.rious coefficients are given in Tables 111 to XXVI.

In the reduction of these observations the following coefficients have been empIoyed:

C== Thrust coef. (propelIer alone) =*A.

(7’– A)
C,= Thrust coef. (propeller with airplane)*= ~n,~, “

CP,= Power Coef. =&5.

~ = Efficiency (propeller alone). ‘

m = prop~i~e e~ciency (prope~er ~th ~plane)’~ $-

Also for tabular presentation, the following not ation is corwenient.
T= Actual thrust..

R.= Resist ante of model with propelIer in action.
R.= Resistance of model without propeller, at same speed as for R..
A = ~uament of resistance due to propeller= R.– Ro.
[L= Thrust coef. = (T–A) +pn2D’.

C,i= Power coef. = P * pn3D5.

“ No confusion seems to molt from the use of the same symbol Gk for thrust coeftieient either with or without airpkine. The contert will
always indicate whfch eond:tion obtains. When A=O the two velu= become identird.
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Fm. 36.—Prope1ler No. 2. Pitch ratio .9. Model C—DeHavilland. Clearance
4 inches. Radiator, closed

Other notation as per standard.
Graphical representations of these results are sho~vn in the diagr~s of Figures 10 to 36.
In these diagranls the individual values of the two coeffi~ient,s are representedby the plotted

points. A smooth curve as best indicating a continuous and consistent lmv is then drawn
through and among these spots, and such curve is accepted as the best, indication of the l~w
relating the values of the coefficient to varying V/nD. The values of the efficiency q are then
derived from the smooth curves of these coefficients and are plotted as shown in the various
diagrams.

Tables I and H and Figures 10 and 11 give the results for Lhe two propellers akmo, and
Tables III to XXVI and Figures 13 to 36 give those for the various combinations of propeller
and model as stated. In each of the latter cases the efficiency curve for the propeller alone is
tdso shown for comp arisen,



INCERA.CTTON BETWEEN AIR PROPELLERS AND AIRPLANE S.TRUC2TJRRS 119

In Figure 12 are shown, for a single case, the curves for thrust. and power coefficients with
the resulting efficiency curves for the propeller alone and for the propeller with model. To
avoid complication of diagrams, the coefficient curves for the propeIler aIone are omitted in
Figures 13 to 36.

DISCUSS1ON OF RESTJ~TS

In all cases, as shown on the various diagrams, the presence of an obstkction behind
the propeller has the effect of moving to the &rht, on the axis of V/n.D, the point for zero thrust.
This is especiau~- brought out in the diagram of Figure 12 -where the coefficient curves for the
propeller alone and for the propeller combined with model are shown together. Comparison
with the other diagrmus -ii-ill show, in vary~o degrees, the same general condition.

This result is readily seen to follow as a natural consequence of the SIO*O down of the
column of air actual.1.r operative on the propeIIer, as compared with the air passimg freely at
the side of the obstruction. For any given value of wind velocity as based on the latter, the air
column acting on the propeller will be slowed down, the value of n for zero thrust will be decreased
and the value of Y[nll for zero thrust till be correspondingly increased.

From this shift of the point for zero hrust, it naturally results that the curve for thrust,
or thrust coefficient? for the combined case, as compared with that for the propeller aIone, starts
farther to the right and near the start lies abore that for the propeller alone. Hence for large
~alues of V/nD (srma~ -values of the slip) the curve for propeller with model will lie above that
for the propeller alone, as shown in Figures 12.

.4s the slip increases, however, a~d the value of T7/nDbecomes less, the two curves approach
and meet aud cross? thus bringing the values of the combination thrust eoefficieut for moderate
and large va[ues of the slip below those for the propeller alone. This condition, in general, is
found to prevail over the normal working range of values of T7/nD.

Similarly, for the torque coefficient, the values for large 1“/nD are greater than for the pro-
peIIer alone, but the excess decreases with decreasing values of T7/nDuntil the two sets of va.!ues
become practically the same, and in many cases the curves cross and the values for the cora-
bination become less than those for the propeller aIone.

It results that over the lo-iv ralue range of V/n.D the values of the thrust coefficient f or the
combination are definitel~ less than for the propeller alone, while those for the power coefficient
are nearly the same or s~ohtly less. In aH cases, however, and as illustrated in Figure 12, the
decrease in the -dues of the thrust coefficient is greater than that for the pomer coefficient,
and he~ce there results a loss in efficiency, as is shown in all cases.

On the other hand, howe~er, and as must. result from the forms of the coefficient cum-es,
the values of the efficiency for large ~akes of T/nD will be greater for the combination than
for the propeller alone. Thus at the value of V/nD for zero thrust for the propeller alone,
and hence for zero efficiency, the propeller combined with model wilI show a detinite thrust
and hence a definite (tho~ch low) efficiency. It thus results that the two efficiency curves
must meet and cross, the combination values for moderate and low values of F/n.D showing
a loss as compared -with the propeller alone, -whiIe over a range of relatively ~~h T’InD (Jo-iv
slip) the combination values will be the larger.

It is well known that, due to limitations in diameter, air propellers must, in general, be
used over a range of values of Vin.D beginn@ with a large ralue somewhat less than that for
maximum efficiency and extending over a small ra~~e in the direction of decreasing values.
Inspection of Figures 13 to 36 vvi.11show that this range of values of ??lnD carries the practical
operation of the propeller over into that segment of the efficiency curre where the effect of an
obstruction as represe~ted by a thick wing, the nose of the fuselage, or other part of the air-
plane structure mill be to decrease the propulsive efficiency as compared with that for the pro-
peUer alone at the same value of V/nD.
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The amount of such loss in propulsive efficiency is seen to vary between wide limits accordhg
to the circumstances of the case. For model B, losses of the order of 15 and 20 points were
found. For model A the values ranged somewhat smaller and for model C, as would be expected,
still less.

A marked decrease in the loss is found to result from increased clearance between propelIer
and obstruction. This indicates very clearly that, in large degree, such loss in propulsive

efficiency may be avoided by a suitable increase in this clearance, and, in general, it shows that
with the tract or propeller the clearance between the propeller blades and the nearest parts of
the airplane structure should be made as large as practicable.

So far as a comparison between the results for propellers 1 and 2 may serve to indicate,
the loss in propulsive efficiency, other things the same, is the larger for No. 2 (the higher pitch
ratio) than for No. 1.

The results of these observations indicate:
(1) The importance of taking some accou~t, in problems of clesign, of this element of

interaction between the propeller and the airplane.
(2) The desirabilit~~ of avoiding such form and disposition of structure as will involve any

extreme degree of interference as is shown by models A and B, or if such designs are imposed,
then especial effort should be made to increase, to bhe maximum practicable limit, the clearance
between the propeller and the nearer parts of the structure.

TABLE I

CH.4RACTERIST’IC COEFFICIENTS FOR PROPELLER NO. 1

DIAMETER, 24 INCHES. NOiVHN.4L PITCH RATIO, 0.70

Ii -Pp] v
Igi—
I :;;;

12.338
2.059
2,558
2,360

: :;;

i 2:383
2.424

‘ 2.495
2.257
2.505

~ i:;

38.70
45.w
45.34
42.88
47.56
45.02
45.47
39.97
45.29
45.72
46.39
‘M 50
46.50
49.35
43.30

‘N T

.

1,274 1 0.180
1,716 1.222
I, 755 1.237
1,905 2.203
2.278 3.601
2, 169 3.347
Z 205 3.370
2, owl 3.393
2,379 4.437
2,561 5.550
2,737 ,6.724
2,719 ~ “6.715
3,027 ~ s. S74
3,320 11.050
3, 23s : 11.150

——

—.

Q
i

VfnD

0. ,7$\ 0.9113
43!2

.446

1

: ;%:
.608 .6752
.969 .6264
. S66
. S79 \ :!%“.

.5737
1:M ~ .5711

:;+ j :g:

.4910
1,917 .4668
2.302 .4459
2.230 .4011

1“-1
Cr CP,

—— 1
0: pJ !
.0397
. Qslo
.6691
. cm8
. 0+s7
. W60
.6759
.0821
.6871 !
.0897 !
.0940 ;
.0975
.1032 1

0: g~fi I
.0450
.0529
. 0s04
.0559
.0581
.0590
.0593 I
. cm3
.0617
. as31 i
. CM3s
. 063s i
. 664s I1..–

TL%BLE II

CEAR.4CTERLSTIC COEFFICIENTS FOR PROPELLER h’O. 2

DIAMETER, 24 INCHES. NOMINAL PITCE RATIO, 0.90

~$v,

~ 3.860
L 912

, 3. S79

1

L 948
3. S70
3. S79
1.962
2.570
2. 0C8

;$

‘ii 016
4.077
2.716
2.763
2.273

l—

I

v lN

58.20 1, 3Q1
40.95 1,60s
58.32 I, 762
41.31 I, 3s4
5s. 30 1,994
53.34 2,166
’41..531,630
47.23 1,939
41. S5
47.65 &
59.62 2,929
47.77 2,326
42.14 2,226
.59.S2 3, 17%
48.76 2,787
49.17 3,010
44.23 2, 92a

T

____

Q VhD

— —

o. 1s7 1.163
.145 L 154
.529

;g i $J

:657 I .764
.971 t .731
,~~ i .674

1.267 .664
2.349 .611
1.510 .616
1.422 .568
2.87L ) .565
2.231 .525
2,622 .490
2.519 .454

CT

0.0239
.0253
.0378
.0548
. 0+303
.0728
. 07S6
.0861
.0235
. Cm
.1034
.1010
. 16s3
. IICM
.1138
.1205
.1252

CP,

0: 025;

.0527

. C&3

.0668

. oi41

. Cmtz

.0793

.6830

. 0s42

.0851

.0361

.0393

. 0s83

. 03s9

.0895

. cb297

.—
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TABLE III

PROPELLER NO. L PITCH RATIO, 0.7

MOD3T A—WING

CLEARANCE, % INCH
——

T– A

——-—
T

I
k!= E.

I
Av!a- CT . . —..=

—
-g.. !
%23 ;
51.51
.M. 73
46.21 I
49.51 I
46. 2a
5.205 f
54-s2 [
55.19
47.13 !
45.70 ‘
+2.53 ~

o:mi&I
.956
.399
.973
. 76s
.963

i&
L 117
L 132
.s03
. nz
.652

---------,
0.332
.448 ;
-644
.665
.559 :
.961
.94s :

L 3S9
L7E3 :
2. Ho ,
L 617
L 751 ,
2.366

I

—

—-—
-.

-.

CLEARAllCE, 2 ZNCHES
—

2. SW 50.3.4
2. w 49.58
3126 5L 13
4.152 60.50
3. 6s3 56.75
3.306 52.89
3.753 57.22
2.491 46.73
2s44 49.39
3.228 52.38
2530 47 II

L 96$ 4L 50
L 964 AL 47
L 972 41.54

1,594
1,622

2?%
2,565
2,491
2, W
2,601
3,018
3, 37s
3,140
2,821
3,079
3, ~~

L m
L 213
2370
4 666
5645
5.579
7.751
6. 7~M

10.043
13.434
lL MN
6.966

lL 100

I
0.734
. SIT !

L 680
3. 4ss
42s5
4.217
5.936
5.217
7.740

m 326
s. 722
6.976

“ 8.715

0. 3% 1!0.9442
.352 , . S’172
.597 . ~~

L 091 . i325
.6643

Ha .6370
1.607 . 5WS
L 337 .5390
L 637 . dam
2.340 -4052
L 938 .4501
L 541 .4413
L 813 .4041
2.182 .3639

0. 02il ! o.owl

II!&‘ ;E:
.0563 [ .W

.0642 : .0563

.c&7 ; J!&

.0707

.0761 ~ . 061Z
: @mm .0611

.0614
A& .0609

.0.599
.IX306 ; .0592

.--- _.---, .0584 -t.--- _--_-*___--------- t.-----------
I

TABLE V

CLEARANCE, 4 INCHES

L 230
L S70
L 592
L 450

--------
2374
2295
L 0-51
L 9S0

0. 9E8
L442
1.137
.992

-- —----
L 491
L 3S0
.6429

L 071

0-242
.:8
.km

--------
-ss3
.915
.442
.909

0: 40J

.631

0.044
. f)434

.0478
---------

- W92

.0525

.0532

.0553

. 0%2

.0561

.0560--------
.929

L 371
L 509
. 6~o

LW6
L 267
L 055
.628
.825
.644
.657
. 63s

V= VelOcity f. p.s. A= Augment of re.sistance=&-lL.
JV=R. P. N.
n=r. p. s.

Q= Torque, ft. lb.
D= Diameter of propeIIer, f~.

2’=Actud.thmst lb. &’=TkW mmf.= ( T–A) +pn~D~
R.= ResL%ame of modeI with propelIer i~ action, lb. C~l=POwer ccef.=P+@iY
i%= Resktsnce of model without propeller at same spesd as for

E., lb.
P= P0wer=2flQ ft. lb. sec.
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TABLE W

PROPELLER NO. 2, PITCH RATIO, 0,9

MODEL A-FING

(2 LEARAXCE, ,?.f INCE

.
i

..T ---
.-. —.

Cr I ‘“”CP,I——iv T

..=–.- --

Q ‘ KrnD

0.257 1.110
. . . . . . . . . 1.06$

.357 1.054
. . . . . . . . . 1.004

. m3 .978
.. . . . . . .- .W3

.0.97 . S66
1.438 .802

. . . . . ..- .
.821 : %

L 951 .647
L 316 .628
2.317 .592

.. . . . . . . . .582
1.361 .550
2.343 .528
2019 .447
2556 .397

.4 \ T-A

Il—’— —Ri4(.).277

.9W : 1.269I 0.0343 I 0.0653-
.0364 . . ..6W3..

. . . . . . ..-
.0452 . . . . . . . . . .
.0502 .0717
.0572 ,. . . . . . . . . .
.0027 .0772
.0694 .0610
. oii’4 -..: bi5i..
. moo
; ~~ .0822

.0909 I :%

. om2 . . . . . . . . . .

.0957 .0819

. Owl . 0S18

.10.57 . 076a

.1090 .0793

0.701
2.203

I.—......:
,914

1.145 :
L 627
.839 %

1.435
1: ;:; ~

1.247 !
.786 ~

1.241
.617 ~
.632

L 003
.635 ;
.628 ,

1 . .+-. ––..-

TABLE VII

CLE.+iR.4XCE 2 IXCEES
—. —

1.351 j 0: ;;:: 1.624
.976 “ 1.586

L 354 : L 229 3.243

1,793 ~
I, 659
2, 187 i
1,537 ,.
1,931 ,
2, 49s
2,237
2,757
3, oc6
2,683
2,675
2,260
2, 9W
2,946
2,560
% 791
3,144

2.203
2183
4.’472

------- . . . . .
3.969
6.660
5.954
8.940

11.0+0
8.970
: ‘4J

11.105
11.690
8.866

11.070
1’L 390

I 0:;%

.0769

.0799

4.222
3.051
4.234
L 929
3.018
4.305

, 3.005
4.343
4.370

I
3.139
; ;;;

3.173
3.173
2.043
2. c+3’4

I
2.091

.... ... ..
.966 ~

L 377
.961

1.390
L 398
1.004
1.009
.634

1.015
L 015
.054
.660
.669

.68$”
L 620-–1-

L 399
2090
2.585
2.013
2. 2Q1
L 48f
2487
2.665
1. W2
2. 3m
3.074

I_— ,

‘TABLE VIII

CLEAR.ih-CE, 4 INCHES

1,277 L 178
1,724 2.304
2,313 4.530
1,995 3.969
2,608 6.650
2,120 4,448
2,086 4.609
2,368 F).318
2,418 I 7.123
2,996 ~ 10.910
2,986 11.732
2,615 ; 8.876
2,867 11. C65
3,042 12.746

0. xx+ ‘
1.530 :

I 2.534
L 770 ~

.2.869
1.8s8,
1.870 ,
1.748
2.320 ‘
3.263

~ yJ ‘

2.923

0.594
L 024

1.583
1.017
1.578
1.038
1:g

L 015
L ~~~

1. OC6
.726
.727
. C42

I
0.354 ‘ o. %40
.6$3 : .9228

1.275 : . %08
1.056 77S0
L 731 ;625
}15: ; . ~547

,3:0
1:519 : [CG
1.678 I .6404
2.427 .5831
2.546 ; .5320
1.$51 .5113
2. 1S8 ; 4U9
2.420 I ‘4182

0. 9E4 [
1.798 [
3.579 ‘
~ ;;; I

3.598
3.746
5.212

I

5.818 \
8.871 ;
9.628
7.246
9. 0C6 i

10.4E4 ~

— —
V=Velocityf. p. s.
JV=R. P. M.
n=r, p.s.
2’=.4ctual thrust, lb.

.& =Resktance of model with propeller in action, lb.
R.= Resiswrce of model without propeller at same speed

as forl?. ,lb,

A= Augment of resistsnce=R.—R.
Q= Torque, ft. lb.

D= Diameter of propeller, ft.
C~=Thrwst Coef.=( 2’-.4) +p71i~1,

Cl=.=POWW Coef. =P+orf~D$.

‘P=P0Fer=2mrQ ft. lb. sec.
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TABLE IX

PROPELLER XO. 1 PITCH RATIO, 0.7

MODEL B—FUSEL.4GE

CLE.4RAh-CE ?d IKCH

R.
I

E. T–A ‘d, V[nD
i“–CT”

—1 —L

i p7P

4.730
3.068
1. w
3.060
L 875
4.235
4.235
3.170
L 913
4.225
3.175
3.196
L 997
2.010
2. W.o

CP1
v N T A

n.441 ‘ n. !7332 ! 0.0102. ...
.338 \ ‘.9678
J& , .9515

.8234
.576 ;

... —----- : ::;
1.% ! . 5%5
L 500 ~ . W&
L 015 [ .5663
2.356 , .5528
1.921 , .5%34
2.2S5 .4944
L 726 ‘ .44.41
2.067 I .4077
2.511 ! .3769

. .

—
.—. ——

CLEARAh-CE, 2 INCHES

..—-
0. 6i3 ~
.62$
745 \

i go
2035 ;
L 993
L7S3 ;
2.044
1.504 r
2.921 :
2.347
2.94
3.778

0.418
.478
.587

1.120
I 5%
.s38

L 435

4.348
3.3-55
2.815
4.634
4.640
2240
2.937
3.073
L 5s2
2.964
L 62S
L 637
1.64.5

-.. ----
.0667
- M2

.0671

.0678

. M64

TABLE Xt

CLEARANCE, 4 LVCHES

0.414 t

I--. --. .--—
.686

1.24$ :
L 1s9 ,
L123 ;
L 421 ~
L 535
L992 :
I. 839 ~
Z 326

3. id~
-------

2810
3.783
2.805
3.040
2.615
2175
2.205
L 662
L 712

0.728 0.0195 0. 03a5
--------- .0435

. Oql .0491

. ox% .0543

.0589 . 05i7

.0625 . 05+35
- ~~ .~

.0736 :=

. 0T96

.Ow .036a

.0879 . 06m

4.334

I i%
4.393

i 3.286
i %6s9

3. 1S6
26W

I 2.63s
1.932
L 983

6L 35
39.52
53.25

%E
55.55
51.31
46.88
47.33
41.04
4L 60

1.142

—
F= VelOcity f. p. s.
N=R. F. M.

4. ‘ “ sistame=i?a-12..
.,

>opeller,ft.
C“;=T&t cc+f.=(T-.4)+Pn*DL
Cp,= POKer coef.= P+ QnsD.

n=r. p. s.
T=&CtlJd thrust, lb.

Ii’.= Resistance of model with propeller in action, lb.
R.= Fksistan@ of model without propelIer at same sp+ed

as for R.,lb.
~= Power=%%?rQ ft. lb. sec.

.
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TABLE XII

PROPELLER NO. 2. PITCH RATIO, 0.9

I
lP1 I 1?

!’
j v lx ‘-1~- —
4.401 ‘ 62.15
4.293 61.45
1.643 38.36
4.315 6L 70
4.448 62.70
2.821 48.56
4.443 62.70
2.792 50.11
4,428 62.70
2.950 51.53
3.015 50.25
2.405 46.07
1.923 ~ 41.31
1.939 41.52
1.975 41.90

MODEL B—FUSELAGE

CLEARAiiGE, ?4 Ih’CH

R. R. .4

4.711 3.667 0.844

;g” $% ;g

6.378 3.91.9 2; 459
3.827 2.357 1.470
6.864 3.919 2.945
4.554 2.494 2.060
7. E@ , 3.919 3.590

::$ I ?::;
2.663
2.815

4.6+33 ~’ 2.021 2.642
4.281

I
I.687 2.594

4.662 L 708 3.176
5.876 1.740 4.136

—

TABLE XIH

CLEARANCE, 2 IA-CHES

/ 4,080
2.983
L 422
2.232
4 c67
3.003

\ 4.164
~ 3.095

4192
; 4.233
; 3. 0s5

1.816
; 2.107
I 1.530 ;

T– .4 Q

— —

0.417 0.427
1.201 ,704
.752 .360

2.714 L 221
4.416. ---------
2.742 1.139
5.845 ~ 2.202
4.655 3..597
7.640 ---------
6.212 ..-5-izi-
6.667
6.280 L 967
6.311
7.899 $ y:

10.274

130311
I 2795.

I g;

1.913
‘ 3.492

L 925
3.0-92
2. m
3.062
2.830

i 2.845
! 2.035

2.035
: 2.025

——

1,601
1,428
1,071
1,450
2,189
2,067
2,496
2,36’3
2,772

‘ i M
2,273
2, 5s5
2,767

I

.-;.;.;...!!!!.
L /46 ~ ~%
4.470 4.705
46W 3. 6s9
6.725 5.219
6.650 4.192
8.910 5.761

11. Iwo 6.272
s 875 4,668
6. 7CJ) 3.082
8.935 , $ J;;

11,270
~“

L 1560 0.0153
L 0098 .0356
.9250 .0488
.8503 .0368
.7468 . rM92
.7421 . 0+339
.6853 .0772
.6341 .0838
.6225 1
.5800 I :~6
.5704 .08’39
.5340 .0931
. 4M0 I : ;66;

::::: ~ .1013

0: ;3J I
L 396
.805

L 596
2.937 ,
3..679
4024
2.569
4.836
4.942
6. ffi3
6.637
; 2&4

J. ;$~ !

I_

CLEARANCE, 4 IN’CHES

0.446
----------

.283

.531
L 253
1.142
1.659
7..576
2.176
2.657
2.050
.. 627
1.891
2.%2

0.683 ..-------
0.380
.244
.336

L 262
1.205
1.763
L 678
2.274
27L5
2.153
1.551
2.052
2.373

n=r. p.s.
T= A~tual thrmt, lb.

R.= Resistance of model with propeller in ection, lb.
R.= Resistance of model without propeller at same speed

as for R.,Ib.
~= Power=2r nQ ft. lb. sec.

----------
. 6%73
.0914
.6$X I

-.=...--. I----------
.6008 !
:091: I

.0889 1

.0881 j
I

0.0257 . . . . . . ..-
--------- 0.0530

.0395 . W53

.0539 .0748

.0650 . Oaol

.0776 .0350

.0787 ; (l%;

.0367

. CW8 . Kuxl
.0201 JFJ@J
. 0%5
.0934 . 0’J27
.1040 .0952
. low . @33

.4= Augment of resistance= R.—R..
Q= Torque, ft. lb. ,.
D= Diameter of pro@ler, ft.
C~=Thrust coef.= ( 2’-.4)+P?OD4

Cp, =Power coef.~P+m?D$.

-.
-.
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TABLE Xl’

PROPELLER N-O.L PITCH RATIO, 0.7

&fODEL C—DEEAVILLAND

CLEARANCE, % INCH

RADIATOR-WIRE GAUZE

A IT-A --l
I

Q F’/nD Cl

1,—

1 ~,
~P

3.Ho
3.100
3. 14s
3. 7.3’s
3.185
3.321
3.302
3.335
3.3=
3.365
. ~]a

CE.l

0.0252
.0360
.0422
.0496
.0539
S&J

.0+333

.(550

.3+343

. 05.%

T

;: #

51.20
51.34
52.70
52.55
52. so
53.53
53.10
9.60

.3-

~ 430
1,616
1,729
2, 05Q
2,340
2,661
%944
3, 22%
3,.541
3,850
3,051

1,474

;, g

$%

2; 682
~ 978
3,263
3,602
~ 8~9

T .&

I

—l—..------.--.—---
0:& a 526

L 187
.375

I
2.271

.534 3.6%

. n9 5.236

.950 7.230

% ~ $:
1.517 \ 13.823

: i%%I

.855

.7.49

. M2
-594
.536
.491
.&7

. 4M

.W4

------ ---
0.018’3
.fi344
.05xJ
-06G9
.0696
: OR;

.Ow

.0’330

. 11%

.——
0.733
. p
.198
.795
. 8ofl
.S41

:E
. S50
; 3~2

0.175
.319 I

.:g ,!

:y; i

~-lL 19/
2.223 \

.273i
3.221 I
L 852

TABLE XVI

CLEARM?KJE,

0.670 ! o:% !-
.715
.770 i .656
.850 , .649 ;

.678
i% ~ . 6s6
~~ i .689 ,

.695
L690 ~ .731
LW.5 1 .751
LOW . .02’j

—.—
,--------
0.662
L 4ii
2.668
4.145
5.930
8. Wil

10.580
13.340
16.540
13.400

3.039 5a55
3.027 50.67
3.027 5&67
2.997 50.40
3.12.9
3.16s ! i;
3.1S0 !
3.2uS ~ 52.2U
3.373 53.50
3: ;;: %_ 25

9.59

LO?7
.919
.822
.72.5
.649
.5Z!0
.523
.480
.446
. ~J8
.004

TABLE XVII

‘PROPELLER NO.2. PITC~ RATIO,

CLEARA.N-CE, %NCEf

9

r
---------- 0.8.% 0:;: ---o_=-- _-i-%_ 0.112

L 452 L 015 .516
.684 1 .930 .779 :151 :X33 .297

2.624 : L12Q -787 .333 .772
4,124 ; L290 .794 -~~ [ ;~~ L 172
.%532 .821 .664 ~ 5.%8
8.160 I i%

L 591
.329 .886 , 7.274 2.040

10.540 ~ L965 z 551
13.430

~~.~ ! ;%:
%J \ ?;? ~ ;MJ 3.055

I
L 70i 3.655

13.303 ~ L 5S0 .029 L 551 lL 749 2.231

I 3.162
I 3. Ioi

3.074

‘ M
3.243
$.4

3. m
3.428
.114

---

TABLE XVIII

CL LRAN-CE, 4 INCHES

0.137
.342
.559
.827

L 175
L 581
2.073
2586
3034
3. 6s9
2.340

L 264

L on
.949
.S28
724
.654
.588
.536
.495
.439
.106

ZS96 I 49.81
3.OW \ 49. a

:Zw 49.30
1 3.037 50. ls

3.075 50. .5a
3.177 5L 34
3.264 5201
3. 3s0 52 w
3. Qo 53.2.5
3. WI 53.94

1 . w IL 15

~181 1---- 0.645
1,3s I Ill
I, 574 :%
1,817 266a .3%
~m ~ ~~ .955
f+ 353 5.954 L 100
& 653 & -%24
% 956 10.580 :E
3,231 13. 4(M L 690
3,523 J6.5440 L 915
3,165 16.560 L 053

0.649 -_-6-iiF
.65U
.648 :W2
.658 .187
.666 . 2S9
.6% .418
. ioi . 5i3
.725 .760
.739 .951
.758 L 157
.032 L 031

--------
0.0330
.0529
. Oico
. OSli
.0933
.1011
. 10=
, lIM
. H3T
.14.50 —-

A=Augrnent of resistsnee= E.– l+.
Q= Torqae, ft. lb.

a=r. p.s. D =Dianetw of propelIer, fc.
T=Aetusl thrust, lb. C%.=Thrust coef.= ( T– AkPn?D.

E. =Resistsnce of mo(fef with pmpelk in action, lb. C%l=Powm coef.=P+pn~D*.
.& =Resfstsme of mcdel without pmp+lk at s8me sp@d

as for E., lb.
P= POT’ier=2~nQ ft. lb. see.

}“=VelWity f. p.s.
>“=R. P. M..
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TABLE XIX

PROPELLER lVO. 1. PITCH RATIO. 0.7

MODEL C—DEHAVILLAND

CLEARANCE, ~ IN7CH

RADIATOR—SPACE OPEN

I
—-.—u.

l—

Cp,A
I

T– .4
~.

1>395
1,610
1,827
2,037
2,355
2,680
2,971
3,258
3,261
3, 5K’34
3,951
3,068

1,554
1,71xl

!M
2,398
2,745
2,981
3, X)7
3,620
3,908
3, IxQ

1,237
I, 421
1,644
1,888
2,118
q 391
$ ~;

3; 260
$ ~g

R.
I

-———i— —l—
“ 0:C.& I 0:;7:

L 521 I .935
2.712 1.085
4.030 1.235
6.040 1.425
8.016 \ 1.625

10.7(M 1.810
y.: I ~~

16.270

i

2:481
13.350 1.398

0.664
.676
.685
.714

736
:731
.732

: %
.750
.767
.025

....... .. -------..
0.16’4 0.523
.250 L 271
.371 2341
.499 , 3.581
.694 5.346
.893 7.123

L 0S8 9.612
1.112 9.518
1.355 11.715
L 714 14.556
L 373 11.977

0.103 ‘ 1.059
.277 .924
.451 .821
.710
.959 : w

1.367 .579
1.772 .522
2.134 .473
2. 1% .480
2.629 .442
3.130 ● .402
L 877 .692

0:0#

. M1O

. 04s4

.0532

.0579

.W1

.fklll

.6618

. 0s2.1

. K?12

.0591

-
1 I _L . ---L. –.= . J

CLEARANCE, 4 INCHES

3.%2
3.078
3.119
3.113
3.183
3.240
3.107
3.115
3.234
3.2$3
.12$

......- .. 0:;;;
0.661
1.522 .737
2.647 ,819
4.051 .925
6. Oi6 1. cM59
8.090 1.155

10.670 L 335
13.340 L 520
16.580 1.710
13.380 1.045

0.707
.641
.607
. 6(26
.620
.630
.604
. 6(K
.629
.634
.025

1
-~-&y+---------

, 0.583
:130 ; 1.392
.213 ~ 2.434
.305 } 3.746
.439

I

5.536
.551 7.539

9.941
::2

L076 ~ R%’
1.020 ~ 12.360

..:tiiji..~ o:g6&3
.0278 ! .0146
.0518 ( .0492
.0643 I .0347
.0737 , .0594
. fiw7 . W314
.0891 .5328
.0925 .0628
.W90 . 0254)
.1321 .0649

1.033
.916
.825

: L?
..582
.522
.473
.438
.408
. m3

-!

. _ ...———

,.L _.,. =

TABLE XXI

PROPELLER NO. 2. PITCH RATIO, 0.9

CLEARANCE, %-INCH

1-1.287 ..........
L123 0.0273
.962 .0490
.842 . rY354
.732 .0331
.655 .6927
,592 .0933
.526 .1030
.487 .1112
.457
.536 : M

0.680
.858
.964

L C45
L 03$
L 245
L 470
L 735
1.985
2.295
L 745

0.710 [-
.752 ,

%J i

t
:% ;
.762
.767
.803
.778 I

I-------- -------.-.
0,lW 0.555 ~
.212 1.332 ,
.303 2.345 ,
.361 3. 8W
.497 5.481
.697 7.376
.973 9.607

1.218 12.202
1.495 15.015
.967 9.613

I .1. –L= ..

TABLE XXII

CLEARANCE, 4 INCHES

- .1 . . . . .

[ .!” ‘-’
1 2.342

2.648
I ;::;

2:965
3.070
3.110
3.020
3.467
3.530

1,176 .-.i.%i.,
1,411
1,610 1:477
1,870 2.669
2,113 4,169
2,396 5.978
2,683 8.025
2,973 10.620
3,300 13.450
3,576

I
16.490

0.545 0: g55 --. ------.1---------- fLo54
.615 0.042 / 0.619
.675

.285
.576 .099 , ;j;: ]

.775
.508

.582 .193 I
; 84;

.812
.677 .263 3:9c@ i 1.129
.590 .385

1.125
.519 I ~;~] I 1.570

.606 ‘
1.280

2.047
.601 .679 9:941

1.510
2.487

1.705 :3:1 S%d%d:!:

1.267 [_.-...- 0.0120
L 075 0. 63(M ,0439
.944 .051’3 .0601
.818 .0693
.721 , .0352

. Q713

.0776
.647 .0952 .0839
.582 ~ ..1016 .0871

%J I ;;% ;~

I .
A=Augment of resistance= R.– R.,

n=r. p. s,
Q= Torque, ft. Ib.
D= Diameter of propeller, ft.

T= Actual thrust, lb. Cr=Thrust coef.=( T–A) +P ?FIY,
R.= Resistance of model with propeller in action, lb. CF.,= Power coef.= P+p 713D$.
R.= Resistance of model wit trout propeller at same speed

as for R.,Ib. P= Power=2 r nQ ft. lb. see.
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TABLE ~XIII

PROPELLER NO. L PITCH R.4TI0, 0.7

STRUCTU-RES 127

I I
LPJ72 : v

~z I:—
I 3.0s9

1
5L20

! 3.129 5L60
3.071 ~ 51.15
3.071 51.15
3.137 : 51.75
3.185 ; 52.20

I 3.3113[ 53.10

I
3.250 52.w
3.Mo 52.90

53.60
1 :P2 , 53.w

CT CP,
——

.-------- 0.0181
--------- .0333
0.0169 .0326
. 032s .0416
.0481 . owl
.0591 . UAo
.06?+ .0573
.0774 . 059s
. 0s29 .0614
. rwrf .0610
.0916 . ~’f

)Tiv
I
I

L 100 0.958
1.055 .952
L 170 .952
1.275 .952
L 405 .913
L 655 .987
1.945 1.023
2150 1.010
2.465 L010
2.835 L W.5
3.31.5 L 048

o::# ~ LMf&

2s: / .94;
;6s’3s’j %?J

L35S . 59i
1.722 .536
2.152 .487
2. 5i8 .449
3.091 .418

.---------- —-----
--------=-----—--

0- ~~g 0.464
.322 L Llo
.492 z 154
.668 3.289
.922 5.097

1.140 6. 99S
L 455 9.125

11.610
k%? 14. 2%3

TABLE XXIV

CLE.4R-4NCE, 4 INCHES

O.wil ‘---- ---------- 0.192
.903 . . . . . . . . . . .--6-E6:- . .145
;WJ –-G:i;; .- .340--

2502 .745
. %55 .520 .5.435 L 427
.976 . %34 9.596 2.236
. s% 1.630 14.990 3. 3CII
. 34% 1.277 n. 053 2.744
.976 .714 7.311 L S24
.934 .331 3.639 L 073
.WA .066 L gl .561

I. 015
L 049
.933
7.43
:598

.492

.’41S

.455

.5A6

.664

.S39

.
---------I 0.w

. S&5 1

.895 I
L 105 :
1.485 ,
L960 ,
2625
2.275
1.690
L 265
LOOU

...... ..
0.661
2.679
5. 9b-

10. 5s0
16. 62Q
13.330
8.022
3.970
L 477

, 1 I

TABLE XXV

PROPELLER h’O. 2. PITCH RATIO, 0.9

CLEARAXCE, % INCH

0:EM
i

---------
.0691
.6758
. fM14
. can
. W55
.@%2
. 0s75
.U267

53.91 ‘ 1,25s
.53.98 1,615
54.03 1, S93
52.44 1,8s9
52.71 2,146

53.10 2,430
52.90 2,661
53.10 2,970
5.3.w %963
53. m 3,253
53.23 3,536

I
L 040 !
L42Q
L 575 ~
L43?J I
L 657
L S70 ~
2695
2.440 [
2435 I
2.785 ,
3.245

I. 040~__
LIMo,
1:g: ,

.990 :

. 9??2
L 023 :
LW9
L026 ~
L W2
1.036 I

–-6:=i-.0.1367
.4702

z 111 ---:tiii
2174
3.457 .1353
4. 97s .1518
6.923 . %46
9.269 .3514
9.12.1 .3487

11.657 .4264
143.44 .4390

L% ---------
L cm o. (%54
.%6 .0.577
.822 . 06as

.0744
:% . C@8
.596 .0933
.336 .1015
.537 .IIXKI
-490 .1053
.452 .m94

-......- -,
I. 322 t
Z 646
2.648 ~
4.124
5.s.% /
S_W I

10.780 ,
10.590
13.410 !
16.554 ~

——

TABLE XXVI

CLEARANCE 4 INCHES

0.916 \--_-... _.!_-.ti;ti;_
.9% [-,-----
.92s 0. oi7 1-400
.932
.94s ::g ~ ~$~

.979 .506

I
5.447

.975 .715 7.421

.%% .934 9.636

. %al L 244 EL 156
L 016 1.579 14.931

0. 13’s
.347
. aT6
.s33

;%
2361
z 545
3. CM
3.709

L MI :-------
LUR ~ 0.0322
. ml .0518
.8.56I .0710

.0S15:;: ~ .G918.~ I . lCQL
.547 .1070
.497 .lUal
.’4~ , .1152

~ $;%
3.177

: 3. Isa
3. 24s

, 3.353
3.340

I
3.374
3.357
3. w

52.36
52.54
5Z 72
52.83
53.30
3417
54. IX
M.w
54.17
55.15

—— I I

V=Velwity f. p.s.
>’=R. P. M.

.4=Augment of rasstance=lL-Fi
Q= Torque, ft. Ib.
l?= Dfameter of propeller, ft.

C?s.=Thrnst coef.= ( T- .4) +rm~~.
(k., = Power coef.= P+Pn3D3.

P= Power=2 anQ ft., lb. see.

;%%~ tbnrst, lb.
&= Resistance of mwdel with propelIer in action, lb.
l?.= Resistance of model without propeller at same speed

as for R., lb.


