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THE AERODYNAMIC CHARACTERISTICS OF FULL-SCALE PROPELLERS HAVING
2, 3, AND 4 BLADES OF CLARK Y AND R. A. F. 6 AIRFOIL SECTIONS

By EDWIN P. HAETMLYand DAVID BnmMARX

SUMMARY

Aerodynamic teds were made of wren full-scale 10-
jootdiameter propellers of recent design mrqrising three
groups. fie jiret group UY.Mcompogedof threepropellers
hating Clark F airfoil section~and the ~econdgroup UXM
composed of three propellers baring R. A. F. 6 airfoil
sectiuns, the propellers of each group baring fi, $?,and 4
Mades. Thethird group uw composed of two propellers,
the Mlade propeller taken from the gecond group and
another propeller hating the same airfoil ~ection and
number of blades but m“th the width and thickness 60
percent greater. The tests of these propellers weal the
effect of chungesin solidity rewlting eitherfrom increasing
the number of blades or from increasing the blade m“dth.

It wasfound that (1) increaw”ngthe solidity by adding
blades had a Lwer adverse efect thun increasing it by
increasing the blade uidth; (2?)the loss in efi.ciency com-
monly conctired to be the reed of inereaw”ngthe nuhzbw
of blades UMSnot fully realized, cmly about g percent
difference in peak e~”ency between a %blade and a .&
blade propeller being measured; and (3) an increase in
solidity tended to delay the stall and to increase the
etinq in the take-off range.

Propeller dewgn charts and methods of computing
propeller thrust are included.

INTRODUCTION

Propeller theory indicates that, other factom remain-
ing oonstant, an increase in the totaI blade area, or
solidity, of a propeLkr wiU generally redt in a loss of
efllciency. Despite this fact the trend for a number of
years has been toward a greater soIidity as a result of
increases in the power of engines and tip-speed or other
limitations on the diameter. The 3-blade propeIIer
is replaoing the 2-bIade propeller and in some cases, as
in high-altitude flying, the 4-blade propelIer appears to
have a field of use.

Propeller research has lagged somewhat behind the
needs of industry, particularitywith regard to the need
for data on full-scale propellem having modern tie
bIades and on propellers having more than two blades.

Throughout the first part of 1937 the N. A. C. A.
20-foot wind tunnel was engaged in a rather compre-

hensive propeller-research program covering several
phases of the subject. This report presents the rwults
of the part of the program concerning the effect of
number of blades and of bIade width on the aerodynamic
characteristiti of full-scale propellem.

The propehs tested, especially those with Clark Y
sections, are typical of many in use today; and the
data, which cover a blade-angle range up to 45°, should
therefore be useful for design purpo~. The data are
presented in a form readily usable for the calculation
of tahoff thrust, and methods of making such calcu-,
Iationa for tixed-pitch and controllable propellers are
given in an appendix The data provide a good com-
parison of the performances of propellers having Clark
1“ and R. A. F. 6 airfoiI sections, but no point is made
of this comparison here because another report dealing
apecMcaIIy with the effect of airfoil sections is in
preparation.

APPARATUS AND METHODS

Tunnel.-The tests were made in the N. A. C. A.
20-foot wind tunnel described in reference 1. The
tumel has an open throat and is capable of producing
air speeds up to 110 miles per hour.

PropeIIers,-The seven propeIlera t~ted may be
classified as follows:

1. A group composed of three propellers having
Clark Y airfoil sections with 2, 3, and 4 blades.

Z. A group composed of three propellers having
R. A. F. 6 airfofl sections with 2, 3, and 4 blades.

3. A single speciaIIy constructed propeIIer similar to
the 2-blade propeIIer of class 2 =cept that its bIade
width and thickness are 50 percent greater.

AU the propeIIemhave 10-foot diametem and, except
for the speciaI wide one, have the same pIan form, thick-
ness, width, and pitch distribution. The normal-
width propellers are all of N’avy design and have
drawing numbers 5868-9 and 5868-R6 for the bladm
of Clark Y and R. A. F. 6 sections, respectively. The
wide propeIIeris of N. A. C. A. design and has an Army
irawing number of 37-3647. Its blade width is 50
?ercent greater than that of the normaI-width propeller
=cept the shank} which is the same for both.
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Photographs of the normal-width blade and of the
special wide blade are shown in @re 1, Figure 2
preaente blad+form curves for all propellers and illus-

FIOUEXL-ProIK.ller bluk of different width.
(a) R. A. F. 6 bkde section of normel wfdtb.

(b) R. A. F. 8 bleda eeotlon 1.5tfmm normel wfdth.

trates the differences between the Clark Y and the
R. A. F. 6 airfoil sections.

Body and engine,-The propellers were mounted on a
geared Curt&s Conqueror engine enclosed in a smooth
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liquid-cooled engine nacelle. The engine is rated at
600 horsepower at 2,450 r. p. m. and is geared 7:5.
Its direction of rotation had been reversed at the
factory to accommodate rightJmnd propellers.

The nacelle is a sheet-metal fairing with oval cross
section. Its major dimensions are as follows: maxi-
mum depth, 43 inches; maximum width, 38 inches;
length, 126 inches. A more detailed description of
the nacelle is given in reference 2.

The engine and nacelle were supported on strmmdino
struts rising from the floating frame of tho balanci3sys-
tem. The drag of the nacelle and struts vw about 59
pounds gt 100 @les per hour. Figure 3 is a photograph
of the nacelle, with propeller, mounted in the tunnel.

Balances, instruments, and torque dynamometer.—
The thrust and the torque forces were measured on
recording balances situated in the brdance house on the

FIOGEE3.–Ltr@d+xded eogine needle end 8-blmle propeller mounted in tbe
W[oat wfnd tunneS.

test-chamber floor. The torque dynamometer consisted
of ~ engine cradle free to rotate rtboutan tixisalong ono
side and supported on the other sido by a strut with a
footing on the lever mechanism of one of the recording
bihmce.son the test-chamber floor. As both tho thrust
md the torque were measured on recording lmlanccs,
tiultaneous readings were obtained. An electric
magneto-type tachometer was used tu measure the

I en&e $iptid.

~est rnethods.-The general procedure obscmvcd in
ihese tests was h hold the engine speed at a constant
mlue while the tunnel speed was increased by steps ta
ap speed (about 115 miles per hour with propeller
]perating), after which the tunnel speed was held ap-
proximately constant and the engine throttlcd by steps
n zero thrust.
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It has been shown in reference 3 that the perfornmnc
of a propeller in the telm-off range is considerably Mecte
by the propeIIer tip speed. In order to apply the net=
sary corrections when the present data are used, it i
necessary to know the tip speeds of these tests. Th
following table gives tie values of engine speed that wer
held constant throughout the first part of each teal
which covered the takedl and chmbing range.

For values of J“/nDhigher than can be obtained from
the table, the test propeller speed may be computel
appro.ximately from the relation:

1,000
‘. ‘. ‘.= ~7/nD

Schedule of propeller speede (revohdione per minute) for tunn{
epeeds below 116 rniies per hour

WA “ iii ~

I I I 1 I I 1 I

Precision.— It is impossible to give any exact vaIue
for the accuracy of the tests, and the precision of th
measurements was so wriable that a discussion of th
subject wouId be confusing and pointlew. It may b
said, however, that repeat tests usually checked h
tests within about 1 percent. Same idea of the pr(
cislon of the measurements is indicated by the reguh
ity of the test points shown in figure 4. This &ure :
included only to show the dispemion of the test poin~

RESULTS

Propeller charts.—The principal results of the teal

are presented in figures 5 to 32. These figures prcser
the basic curves of CT, CP, q, and C, %akt W

traced from the origimd curves of ftied test point}
The test results hwre been tabulated in seven table:
which are available on request from the h’ational Adv
sory Committee for Aeronautics.

As an aid in calculating the prope~er thrust in tb
take-off and climbing range, Iines of constant thnu
coefficient have been supetiposed on the Cp chart
The method of using these charts is described in th
appendix to this report.

CoefEcients.-The codicients are standard fern
defhed in the cover of every N. A. C. A. report, but tl
definitions miU be repeated here for clemness an
convenience-

where T, is effective tbrust=T— AD, lb.
T, tension in propeller shaft., lb.

M, change in drag of body due to slipstream, 11

P, power absorbed by propeIler, ft.-1b./seo.
n, propeller speed, r. p. s.
D, propeller diameter, ft.
~, mass de~ity of the fi, SIW per CU.ft.
V, air speed, f. p. s.
q, proptive efhciency of propeIIer engine unit.
Q, engine torque, lb.-ft.

DISCUSSION

The ideal efficiency of a propeIIer according to the
axial momentum theory may be written

2
m=l+~,/v
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where VJV is the ratio of the fial slipstream ~eloc.ity,
relative to the aiqiane, to the forward velocity which,
in turn, is defined by the equation

~=1+2.545er/P

where J= ~/nD.
It is seen from these equations that, at a given

value of J, an increase in CT increases the slipstream
velocity ratio and decreases the propeller et%ciency.
The two most effective ways of changing (?. are by
changing either the blade angle or the solidity. In-
creasing either the blade angle or the solidity increases
CT so that a decrease in eficiency may be expected.
The solidity of a propeIIer, usually designated by the
symbol r, may be defined as the ratio of the total
untwisted blade area to the total propeller-disk area.
The solidity is increased by an increase either in the
number of blades or in the blade width. An increase in
acdidity @ increase the value of CT and, therefore, a
loss in efficiency maybe expected from increasing either
the blade width or the number of blades.
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FImmr 16.—PowwciaMclent mrmes for propellw -, C18rk Y swtbw4bkies.
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FKGCRE23.-Tbrust@efEcknt corm for mopelb?r &lWR6, R. A.F. 6 SKMOU,8 blades.

%
FIG=z 2L-De4mI chart for Pm@= SM&R6, R. A. F. 6 sectkmb S blmdas.
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At peak efficiency the value of the ratio CTjJ2
decreases with blade angle, so that the loss in peak
ticiency caused by an increase of solidity may be
expected to be less at the higher blade angles.

The effect on propeller characteristics of changing
the number of blades is illustrated by the C=, CF, and q
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curves of @ures 33, 34, and 35. Values are given for
blade angks of 25° and 35° for all three propellers of
Clark Y section.

Owing to the increase in inflow velocity, which
theoretically is equal to (V.+ V) /2, with increasing
number of blades, the thrust-coefficient and power-

coeflicient curves slope less steeply. The curves come
together at C~=O because here the slipstream velocity
becomes zero.

The e%lciency curves show a loss for tho 3-blnde
and 4JJade propellers less than would bc calculated
from the eimple momentum theory; in ftict.,in tho por-
tion of the curves where the blades begin to stall, tho
3-blade and 4-blade propellers have a somcwlmt higher
efficiency than the 2-blade propeller, The higher
eiliciency of the 3-blade aml 4-blmlc propelha in tho
stalled range may be accounted for by the fact that their
higher inflow velocit.ies May and reduce the scmrity
of their stalling.

The effect of a change in solidity has been commonly
thought to be the same whether the chmgc results from
variation in blade width or number of bhdcs. Modern
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theory and experimental evidence show this belief to
be untrue.

The modern vortex theory of propellers pictures each
propeller blade, as it describes its helicnl path through
the air, leaving a continuous sheet of vortices behind it

which, if no rotational interference velocity is assumed,
moves straight bac.kwarclwith slipstream velocity in a
manner somewhat similar to the way a screw conveyor
appears to move. The strength tind backward velocity
of the vortex sheets depend on the strength of circuki-
tion around the blade itself which, of course, varies
with the thrust and therefore with the Made width.

The air trapped between the sheets mcwcs backward
with them except for the pnrt that slips forward mound
the edges of the sheets and produces a tip or edgo
vortex.- The edge vortex destroys some of the circula-
tio~~of the blade and produces whnt is known as a
“tip 10s9.”

Prandtl has shown (reference 4) that the edgo flow,
and therefore the tip loss, is reduced if the nornd
distance between two consecutive vortex sheets is re-
duced. The distance between vortex sheets is reduced
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as the number of blades is increased and, for the ideaI
propeIIer with an Mnite number of frictionless blades,
as postdated in the simple momentum theory, the tip
loss becomes zero.

The dilTerencein effect between increasing the solidity

“’8kfH

‘“m
./4\-

.O+-+q++

“w%tt-t

--
‘1 1 I !

/.0

-8

.6

v
.4

.2

0 2 .4 .6 a 1.0 f..?L4 1.6 0
v
nm

F[GUBESU.-Comparfson of popeUer coefiknts for propelkrs barfng the same
soUd[ty but a dffferent number of bhdes.

through the number of blades or through the blade
width seems to depend on the following phenomena:

1. Increasing the number of blades decreases the tip
10SS,which tends to offset the bad effect of the increase
in Sofidity.

2. Increasing the blade width increases the circula-
tion stren@h around the blade, thus increasing the

%
F[GLm~s7.—Ef3eIency-curm ennlow w prop4fers havfng z & and 4 bfades of

Clark Y rectkm.

locaI Mow velocity and adding to the bad effect caused
by increased solidi~.

Some of the results of the present tests, as shown in
figure 36, illustrate these tiects. In this figure there
are shown coeftlcient curves for a 2-blade and a 3-blade
propeller having the same solidity. The propellers

have the same diameter, airfoil section, and thickness
ratio (h/6), the only ditlerence being that the 2-blade
propeIIer has a blade width 50 percent greater than the
3-blade propeLIer.

The 2-bIade propeller is seen to be distinctly inferior
through most of the V/nD range. The increase in
IocaI inflow is indicated by the lesser slope of the curves
of the coefficients for the 2-blade propeller. It is in-
teresting to note that when the blade stalls, as shown at
low values of T/RD on the 30° curves, the power-
coe.fiicient, the thrust-coefficient-, and the efficiency
curves for the 2-blade propeller rise above those for the
3-blade propeller. This result cmdd possibly be at-
tributed to both the higher ReynoIds Number at which
the 2-blade propeller operated and to the increased
inflow of the 2-blade propeIIer that deIayed the stalL

PEACIYCALA5PE~

From the viewpoint of a designer, it is probably better
to campare the performance of propellers, at least their
peak efficiencies, on a basis of 0, rather than of V/nD
because the coefficient C=represents the actual design
conditions of power, revolution speed, and air speed.

In figures 37 and 38 are presented envelopes of the
efEciency curves plotted against the coefficient C, for
the propellers having the Clark Y and the R. A. F. 6
sections, respectively. Each vahe of C, represeni% a
certain design condition. Through most of the C.
range for the propelb of both R. A. l?. 6 and C1arkY
section, the cMerence between the efficiencies of the
2-blade and &blade propellers is 2 percent or less. Ii
both cases, the 3-blade propellers have the same, if
not a Little higher, efllciency than the 2-bIade ones
through a large part of the C. range.

This result seems a bit out of the ordinmy but could
be explained by the fact that the limits of accuracy of
the tests were such as to cause the peak efficiency to
vary about I percent. The fact that the same con-
dition esists for both the Clark Y and the R. A. F. 6
propellers suggests, howe~er, a Legitimacy for the re-
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FIGrRE 3%—EftlcIenFY-cnr’reemelopes for pro@em hedng Z 3, and 4 bladee of
R. A. F. 6 section.

suits. The curves do show, in spite of these minor
inconsistencies, that the difference in peak eficiency be-
tween 2-blade, 3-bIade, and 4-blade propellem is small.

The envelop= of the eficimcy curves plotted against
V/nD, as in @re 39, seem to bear out the theory that
the difference in peak efficiencies of 2-blade, 3-blade,
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and 4-bIade propellers ahouId grow 1sssat higher values
of blade angle. The opposite appears ta be true, how-
ever, when, on a more practical baais, the efficicmcy-
curve enveIope is pIotted against C,, as in figure 37.

Figure 40 shows efficiency-curve emelopes for
2-blade and 3-blade propellers having thwsame solidity.
The separation of the two curves is about 2 percent in
this case. It should be pointed out, in connection with
the remdtsindicated in figures 36 and 40, that the bIade
thickness of the wide propeIIer was increased in pro-
portion to its breadth (to maintain a constant thickness
ratio and airfoil saction) so that it is probably some-
what thicker than necessary for strength purposes.
Part of the difference in the efficiency between the

The lack of data for the 3-blade propeller in tho past
has resulted in the use of empirical methods of making
3-blade and 4-blade propeller selections from 2-l.drtdo-
propeller data, k the propeIIer with the gmmternum-
ber of blades absorbs more power, it is customary to
use a certain fractiou of the ftvailnMepower in computing
the vaIue of C, to be used with the 2-bIndo-propeller
charts. This method is nn npproximtttion~nd will not
give the optimum propeller diameter and Made angle
for the design condition, although the difference may
not be large. The convenience of this approximation
has more than oflset its faults and, now thnt data for
3-blade and 4-bIade propellers are availnblc, it is in-
teresting to compare the ratios of the power absorbed

v
m

i%NJEE 39.-E!%d’WW*UIVe WNdOPe9 (WdU8t V~nD) fm PrOPw~ bavi~ 2! 3,
and 4 b~ades of Clark Y aedion.

2-bIade and the 3-blade propehm having the same
solidity would undoubtedly be offset by thinning the
2-blade propeller, although such a procedure would, of
course, change the airfod section.

A general comparison of the take-off qualitiw of the
various propellers was not attempted as there was no
basis of comparison that would have baen entirely fair
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FIGURE 41.—RatIoa of power abaorbed by prrmlkra hating !Zj& and 4 bhdw fm the

hfgh-speed ddgn eorxlltfon.

to all propellers. Any designer having a choice of two
or more propellers can cdculak their thruste in the
take-off range by the metho&-given in the appendix of
this report, The designer knowing the design limitri-
tions peculiar to his particular problem will thus be
able to make a satisfactory comparison.

%

FIGURE40.-EfScfency~me envelopoa fw two propellers hav!nif tha amne aolldtty
but a dh?arent numker of blndea.

by the 2-bIade, 3-blade, and 4-blndo propellers. Such
a comparison is shown in figure 41; in figure 42 is shown
a similnr comparison for the 2-blade and 3-lJade pro-
pellers having the same solidity. The curves in
f@re 41 represent the mean of tho cmwws for the
Clark Y and R. A. l?. 6 propellers, which were separated
by a small amount.
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FIGURE42.-Ratio of power atmwhed by %blade and %blada pro@lora barfng the

.mme Wdlty for the high-aped dodgn eontl[tfow

Throughout the Y/nD range ahown in figuro 41, the
2-blade propeller nbsorbs from 70 to 75 percent of tho
power absorbed by the 3-blade propeller and from 53
to 58. percent of the power absorbed by the 4-bhtde
propeller. The 3-blade propeller 5868-R6 absorbs mor~
power than the 2-blade propeller 37-3647, which hns
the same solidity. The ratio of their powcws, P~Ps,
varies (fig. 42) from 0.88 to 0.91.

—
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The information given in figur~ 41 and 42 indicates
that the power absorbed by two propellers having aimi-
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FIGEEB43.-CoMWI5onof statId3.rm3t chsmcteristfcs of prom+krs IIE* ~ 3S
md 4 blsdes of Clsrk Y swtfon.

FIGWSK44.-C!om-n d statidbrugt characteristics c4 propeDers havtng z 3,
tmd 4 blsdes of R. A. l?. 6 mtiou

Iar bIades but difhrent total blade areas is not directly
proportional to the blade area; a direct reIation maybe

used, however, when the differences in blade areas are
emalI.

Some interest has been shown in the past concerning
the static thrust of propellers. Although static thrust
has IMe importance in connection with the take-off
problem, it may possibly be of interest for other reasons.
Figuras 43 and 4-4ha~e therefore been included; they
me plots of C~[CQ, taken at V/nD=U, against bIade
angIe for %blade, 3-bIade, and 4-blade Clark S and
R. A. F. 6 propellers, respectively. A CT/CQequals
T@/Q, the curves represent the eftective static thrust
for any given due of torque and diameter. It is seen
that, at bIade angles above 20°, the static thrusts of the
3-blade and 4-bIade propellers are higher than those
for the 2-blade propeller. This result is due to the
more favorabIe stal,ling characteristics of propellers of
higher solidity.

CONCLUSIONS

1. The t~fs showed a 3-bIade propeIler to have a
higher peak efficiency than a !l-bIade propeller having
the same solidity, thiclmmssratio, airfoil section, and
diameter.

2. The Ioas in efficiency commonly conceived to be
the result of increasing the solidity by adding blades
was not fully realized. The tests ahowed ordy about
2 percent difference in peak efficiency between pro-
pellers having 2 and 4 bhdes.

3. h increase in solidity tended to delay the staII
and to increase the e.fiiciencyin the tah-off range.

LaGLEY MEMORM &ZRONA~CAL LABORATORY,

N7ATtONAL ADVMORY COMJJTITEE FOR AERONAUTICS,

LANGLEY FIELD, T’A., A’orember 9, 1997.



APPENDIX

SELECTION OF PROPELLERS AND THRUST
CALCULATION

SELECTION

The type of C, chart given in figures 7, 10, 14, 17,24
28, and 30 has been the standard N. A. C. A. desigr
chart since 1929 (seereference 5) and its use requires bul
little explanation. In the selection of a propeller fo]
any given engine and airplane, the first step is tc
calculate C, from the equation:

0.638Xm. p. h. X(~)H
c,=

b. hp.)%X(r. p. mJ~~

where the speed, the horsepower, and the engine revolu-
tion speed are the values representing the design con-
ditions and PIPO is the reIative density. With this
value” of C,, project upward on the 0. chart to the

broken line of maximum efficiency for C,. This point
determines the blade angle and a horizontal projection
h the V/nD scale gives the design V/nD with which the
diameter D may be calculated from the relation

~= m. p. h. X88
T7 ‘ .

r.p. m. X&D

The design efficiency is obtained by projecting upward
from the design C, to the enveIope of the efficiency
curves.

CALCULATION OF PROPELLEE THRUST

The problem of calculating. the thrust of a propeller
throughout the take-off and the flight range of air
speeds resolves itself into two parts, one’ for the con-
trollable constank~peed propeller and the other for the
fixed-pitch propeller.

Many varieties of specialized charts have been
designed for such crdctllations,but the basic charts of (?T

and c= plotted against V/nD are the only ones actually
necessary. The calculations are somewhat facilitated
iflinesof constant (7Tare superimposed on the Cpchart,
in which case only that one chart is necessary.

Constant-speed propeIIer,-The fi~t step in calculat-
ing the take-off thrust for a particular airplane and
propeller is to compute the value of the power coefficient
Cp from the equation CP=P/pn8D5. This equation

may be put in the more usable form:

CPwi$m
where b. hp. and r. p. m. are the take-off brake horse-
power and engine speed and p/~“k the reIative density of
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the air. For a constant-speed propehzr, this value of
CP wilI remain constant throughout the tako-ofl range
and so may be represented by a straight line on tho
chart of Cp against V/nD. brow at even vtdues of
V/nD, pick off interpolated vrdues of C, along this
straight line and compute v= CT/CPX V/nD. Si~co
the engine speed and diameter are constant, each wdue
of V/nD represents a certain air speed, which may be
obtained from the following relation:

in miles per hour. The propeller thrust is obtained
from the relation

~=b. hp. XqX375=coMti111 tXC,
m. P. h.

The foregoing simple method provides datn for a plot
of thrust against air speed for the tnko-ofl rango of
Rir speeds. ‘ The same method may be used for the
climbing and flight range.

An obvious simplification would have been old ained
if lines of constant efficiency instead of constant thrust
mefticient had been superimposed on tho CP curves.
Pastexperience, however, has shown that moro accurate
Taluesof thrust mriy be obtained with tho method here
yesented.

Fixed-pitch propellers,-It is assumed, in the USG of
tie method of calculating the thrust for fixed-pitch
?ropellers, that tha following sea-level design clmwc-
wistic9 of the airphme, the engine, and the propeller
we known:

VO,design airspeed, m, p. h.
.VO,design engine speed, r. p. m.
(b. hp.)O,design engine power (ratedpower).
/ T7X

[)
1’

=JO, design l’/nD.n7 .
TO,de&n efficiency(high speed or cruising).
D, propeller diameter, ft.
A, design blade angle at 0.75R,
The method may conveniently be put into step form

Is follows:
1. Using JO and I%,obtain C=Oand CPO from chrta

~f CTtind CPagainst V/nD.
2. At even values of J pick off values of (?= and C’=

along line of constant A (interpolate when neccssriry).
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5. (kmpute To=[mX (b. hp.) OX375]/~70

6. Compute ~’= ?LX~X~O

CP, c=
~. Compute thrust, T= TOXGoXGP=KX~

TOCPo
where K==

This method assumes that the full-throttle @
torque is constant.

As an exampIe, assume that it is desired to obtain tb
propelIer thrust through the take-off and climbin
ranges for an airphne having the following chara~
teristics:

VO=190; No= 1,500; (b.hp.)O=600; Jo=l.0(
Do(2-bIade)=ll feet lK inches; qO=0.862; IYO=25a.

BIade secttion=Clark Y.
The computed data may be conveniently tabulate

as folIows:
CLO=0.044S; Cpo=0.0520; T0=l,020 lb.; &=l.00.

J

1
4.T, c,

(L; QUO
,1075
.lOSS

:: . 10M
.6 .llW

. (WO
:! .m
.8 .074S

CP

am
:%7

.0911

.m.m

.0&2a

.0790

.m

~=0.0520
_X~,020=l,182

Effect of bIade width and body.—The two methoi
given of calculating thrust, and dso the method [
seIecting propellers, assumed that the propellers und[
consideration had the same blade width as the ones fc
which the data are givm in this report. Frequently:
may be required h find the diameter, the design bIad~
angIe setting, and the thrust of a propeIIer having
blade width slightly diflerent from those tested. As w~
mentioned earIier, it may be awnned that the pow{
and the thrust vary directly with the bIade areas (c
blade widths) for propelkra with similar shape ohm
acteristics where the diferencea in areas are small.

In the calculation of C,, the power shouId therefore b
multiplied by the ratio of thp blade widths b~bz,wher
bl is the bIade width at tluwquartere radius of th
propeIler for which the design charts were made and /

is the bIade width
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at the same radius for the propelIer
under consideration.

The same ratio should be used in calculating the value
of CP to be used in obtaining the take-off thrust, and
the takedf thrust obtained from the charts should be
divided by this ratio to obtain the actuaI thrust of the
propeller.

Similarly, corrections are neccssa~ in the case where
the body under consideration is greatly difTerentfrom
the liquid-cooled engine nacelle with which the presgnt
tests -weremade. Some information with regard to the
Meet of the body on the propulsive eficimcy may be
obtained from reference 2. The added drag of those
parts of the &pIane in the slipstream (other than the
body itself) should dso be considered. Parts of the
wing, the taiI surfaces, and the landing gear are often in
the propeller slipstream and their added drag due to the
dipstream may be approximated from the following
reIation:

where AD is the added drag and D is the drag withopt
slipstream.

The test data for a propellerhaving one airfoilsection

should not be used to ctdculate the performance of a

propeller having another airfoilsection.

It is shown in reference 3 that compressibility often
has a marked efEecton the performance of a propeIIer in
the take-off range. The necessmy corrections for
compreesibiIity are not easily apphd but methods of
making such corrections are explained in refmmce 3.
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