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NACA ACR No. L47IZ29
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL..REPORT . .

CHARTS FOR DETERMINING PROPELLER EFFICIENCY

By John L. Crigler and Herbert W. Talkin
SUMMARY

A short method of estimating propeller efficliency
for a given operating condition is described. The
efficiency is determined for any design condition by
evaluating separately from charts the induced losses
and the profile-drag losses, The estimated efficiency
is compared with experimental results for a wide range
of operating conditionsand found to be in agreement
near peak efficiency.

The present analysis covers single-rotating pro-
pellers of two, three, four, six, and eight blades and
includes charts showing the rotational-energy loss for
the given operating condition in order to assist in esti-
mating the gain in efficiency for dual-rotating propel-
lers. The change in efficiency to be expected from body
interference is discussed. Two examples illustrating
the use of the method are given in an appendix.

INTRODUCTION

In reference 1, analytically determined propeller
performance is compared with experimental results for
propellers having four, six, and eight blades of con-
ventional design. The calculated results are in
agreement with the experimental results over the com-
plete range of blade angle investigated (25° to 65° at
0.75 radius). The calculations were made by a strip-
theory analysis by which the thrust and torque contri-
butions for several elements along the radlus are
graphically integrated for each operating condition.
The time required to analyze a single operating condi-
tion by the strip-theory method is negligible compared
with the time required to obtain experimental data for
the same condition. The time required to analyze the
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complete range of operation 1s considerable, however,
and a shorter method 1s deslreble,

A method of estimating tke propeller performance
supported by the results of reference 1 1s presented
herein. By thls method, a large reduction in the time
and eflort required for propeller analysls is effected
as compared with the stilp-theory method. The results
obtained are in agreemsnt wlth those from experimert.
The basic propeller parametsrs are lnterrelated in
charts that ald in the selectlon o a propeller for a
given decign condilition. The charts are useful in
analyzing data for any propeller and aid in the deter-
mination of excessive locses.,

The induced power losszs for a conventlonel round-
shank »ropeller are compared with the losses for the
optimum loed distribution. The induced losses are
divided into axlal- end rotational-energy losses so
that the maximum galne possible by the use of dual-
rotating propellers instead of optimum single-rotating
propellers can be estimaied. The effect of profile
drag 1s treated separateliy. Because drag losses are
evaluated separately, lncreesed losses due to compres-
elbllity can be estimated dlrectly vhen alirfoll data
at high Mach numbers become avallable.

Detalled applications of the method are 1llustrated
by examples in the appendix,

SYMBOLS
a axlal-veloclty interference factor
al rotational-velocity Interference factor
B number of prcpeller blades
b chord of propeller blade element
Cp sectlon drag coefficient (Do/qS)
Cy, section 1ift coefficlent (L/qS)
CP- power coefficlent (P/pnst)
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dCq/ax

torque coefficient - (Q/pneDS)
thrust coefficlent (T/pn2D%)
propeller dlameter

drag of propeller blade element for infinlte
aspect ratilo

exlal energy per unit time in sllipstream
rotational energy per unit time 1In slipstream

Goldstein correction factor for finlte number
of blades

advance-diameter ratio (V/nD)
1ift of blade section

proneller rotational speed, revolutions per
second

input power to propeller

power disk-loading coefficient (P/qSV)
torque of propeller

dynamic pressure of air stream

tlip radius

radius to any blade elemernt

dlsk area of propeller

thrust of propeller

axial velocity 1n plane of propeller (propeller
removed)

axlal veloclity of propeller
radial location of blade element (r/R)

element torque coefflclent <Ey§ﬁ§%>

pnzD5
L
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dcp/dx  element thrust coefficient <?ﬂ%;7£)

ag angle of attack of blade element for Infinlte
aspect ratlo

B propeller blade angle at C.75 radius

n propeller or elemont efficlency

p mass denesity of ailr

Lo} propeller element solldity (Bb/2mr)

oCy, propeller element load cosfficient .

'] angle of resultant veloclty to plane of
rotation (a - ao)

Subecripts:

Q.7R at 0.7 radius

D due to drag

1 for zero drag

FORMULAS

The derivation of the formulas for element thrust
and torque calculations is glven in reference 2, from
which the element thrust coefficlent 1s

do 2 (2 2
de Ba ; (81:12;) (g, cos f - Cp sin 2) (1)

and the element torque coefficient 1s

ac Py (14 a)?
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The expression for the axial-velocity 1nterference
factor a 1is

'8. - O'CL cot ¢
1+a 4F sin 4 ()

The values of the correction factor F as used
in the present report are glven in figure 1. The values
of F for two-, three-, and four-blade propellers ars
teken from reference 3. The values of F for six- and
elght-blade propellers were extrapolated from these data
by the method developed 1n reference 3.

For calculations showling the effect of drag on
propeller performance, the following formulas were
obteined from equations (1) to (3) for Cy = O:

ac
=t = -o0p g\ + (mx)2

me
=-CDY g ()

dac 2 =
29 _ g0 B (T r?

wlxS
= OCDTm (5)

Equations (4) and (5) are derlved for zero loading
without inflow and consequently are not exact for a

finite loading. The formulas show, however, that the

error in estimating the loas due to drag 1s negliglble
for light loadings which occur near peak propeller
efficlency.

Kc.
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The formulas for the rotational-energy and axial-
energy losses from reference 4 are

0
EI‘ 1 /‘1 dCQ
= = al—= dx (5)
"
-F- UQ 0 d_x
Es _ g -0 acp
0
where
4ac
al = dx; & 2
TR IxS(1 + a)F
and

These formulase from reference 4 have been modified herein
by inclusion of the correction factor F.

METEOD

Charts for Induced Losses

The basic propeller performance charts are presented
in flgure 2 for two-, thres-, four-, six-, and eight-
blade propellers. The crdinetes represent values of the
efficlency for propellers operating wlthout drag and the

L = D\’ES%E. Agalnst
VPci
these scales, curves of constant element load coefflclent
U

abecissas represent values of
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(OCL)O.éﬁ. are crossed by long-dash lines of constant

V/nD and short- dash lines of constant power coeffi-
clent Cpy. The Upy-curves show the variation of

(OCL)O.7R with V/nD for constant Cp, and are included

for convenlence of computation for constant-speed pro-
pellers. The curves were obtalned from calculated optimm
torque and thrust dlstributions graphically integrated
from the tip of the blade to x = 0.2. These performance
charts are the same as the propeller selection charts in
reference 5 except that the drag losses are not included.

In the present report, the velue of the solidlty at
0.7R, Og,yRr» 18 teken as a convenlent measure of the
propeller solldity. The value of (GGL)O 7R is corre-
spondingly teken as a measure of the power absorbed.

The actlvlity factor has frequently been taken as an

index of the power-absorbing qualities of a propeller.
For the Hamllton Standard 3155-6 propeller reported in
reference 6 (for which comparisons are made in the present
paper), the activity factor 1s 90 (per blade) and Ojy np

i1s 0.034EB; that is, for propellers of this design, the

o]
ectivity factor 1s 2600—9§ZB This number is approxi-
mately the same for all conventional propellers. If the
exact relatlonship 1s deslred, however, the activity

factor A.F. may be obtalned from

x=1,0

a.p, = 290800 f 3 ax

x=0,2

Breakdown of Propeller Power Losses

In the calculation of propeller efflclency, 1t has
been customary to compute the thrust and torque at a
given value of V/nD for a fixed blade-angle setting.
The analytical determination of propeller performance
may be considerably simplified in many cases, however,
by evaluatling the several sources of power loss rather
than by attempting the direct computation of thrust and
torque. In the present paper, the efficlency 1s

' L)
|—
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determined by deductlng the sum of the power lossés from
unlity. The total power losses are dlvided into induced
losses and proflle-drag losses; the induced losses are
subdivided into axlal- and rotatlional-energy losses for
use in evaluating the efflclency of dual-rotating pro-~
pellers., The blade drag has no appreclable effect on

the induced losses for normal propellers but must be
consldered in obtalning the total power losses., This
method of analysls has the advantage that compressibility
corrections can be included when the airfoll section
characteristics at the operating Mach number become known.

Rotatlonal-energy logses.- The losses of efflclency
due to rotational veloclty are shown in figure 3 for
three~, four-, six-, and eight-blade propellers. The
rotational-energy loss for a glven operating condltlon
(constant P, and V/rD) 1s aeen to increase as the

number of blades decreases. Nls Increase in power
loss arlses from the lncrease 1n the tlp loss as the
nurmber of blades decresases. )

Celculetione for a large number of load distributlons
show that overloading the inner radil 1s of secondary
significance at values of operating V/nD < 2.5. As an
11llustrative case, the calculated rotational energy for
the four-blade Hamilton Standard 3155-6 propeller of
reference 6, which has round blade shankes, 1s compared in
figure 4 with that for a four-blade propeller computed
from the chaerts of flgure 3. The rotational energy
for the Hamllton Standard 31E5-6 propeller was com-
puted for several blade angles up to 65° at 0.75R and
the value of V/nD for peak propeller efficiency. The
values of Er/P for the optimum propeller were taken

from figure 3(b) at the same values of V/nD and P,

as for the Hamllton Standard 3155-6 propeller. Flgure 4
shows that no appreclable difference 1ln rotatlonal energy
exists between the two load distributions at V/nD < 2.5
and that the losses differ by only 1.5 percent of the
total power at V/nD = 4.5, which corresponds to a
blade-angle setting of 65~ at 0.75R. The rotational-
energy losses glven 1n flgure 3 are therefore close
approximatlions to the expected losses for conventlonal
round-shank propellers over the usual present-day
operating range. Similar results are found even when
airfoll sectlons are used over the inner radilil when
V/nD < 2.5. It cannot be emphasized too strongly,
however, that 1f cuffe are used to cover the round

S |
I
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shanks, the loss may become serious at high values of
V/nD unless the cuffs are set at an angle of dttack
between 0° and the optimum to give low loading over
these sectlons. Thils dependence of the rotational
energy 1n the slipstream on the loading over the lnner -
radil 1s apparent from equation (6), which shows how
the effect of overloading the inner radil Increases in
importance as the operating V/nD increases.

Axial-energy losses.- The axlal-energy loss for
any operating conditlion may be obtalned from the rela-
tionshilp

Eq Epn
— =] - - —
P L

where the induced efficlency mny; 1s obtalned from
figure 2 and E./P 1s obtaired from figure 3. The

axial-energy loss shows but little variation among
propellers 1ln present-day usage operating near peak
efficiency. As an 1llustration, the axial-energy
losses for a four-blade propeller obtalned from the
charts of flgures £ and 3 are compared in flgure 5
with the calculated values for the four-blade Hamilton
Standard 3155-6 proreller operatling at peak propeller
efficiency and for the l1deal propeller (actuator disk).
The values of P, at V/nD for peak efficlency for

the Hamilton Standard 3155-6 propeller were taken from
reference 6. The axlial-energy losses for the optimum
propeller load distributlion and for the ideal propeller
were determined at the same values of V/nD and P, as

for the Hamilton Standard 3155-6 propeller. The axlal-
energy losses for the optimum dlstribution of loading
(figs. 2 and 3) and for the loading obtained with the
Hamllton Standard 3155-6 propeller ere nearly equal and
are about 1 percent higher than for the ldeal propeller
over the range investigated. A part of this increase

in axlal-energy loss 1s due to the finite number of
blades and therefore becomes less as the number of
blades lncreases. A small part of the difference occurs
because the load distributlion differs from that of an
actuator disk. The axial-energy loss for optimum distri-
bution, obtalned with the aid of figures 2 and 3, 1s
therefore sufficlently accurate for application to
conventional propellers.
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Blade-drag losses.- The effect of blade drag on the
characteristics of IIghtly loaded propellers (near pesak
efficlency) cen be estimated from equations (4) and (5).
These equatlions were obtalned by eliminating the axial
Inflow end putting Cp = O in equations (1) and (2).

The equations are not exact but, near peak efflclency
for modern high-speed propellers, the omission of the
Inflow factor a causes & negligible change in the
calculated propeller efficiency. Equations (4) and (5)
show that, for a given radius and value of V/nD, the
element thrust and torque coeffilcients due to drag are
directly proportional to the drag coefficlent.

The profile-drag coefflclients for infinite aspect
ratlo for several sectlons along the Hamllton Standard
3158~6 blade are shown agalnst 1ift coefflclient in
figure 6. These data were taken from reference 7. The
profile-drag coefficlents change with 1ift coefficlent
but, since the change 1s very small for a wlide range of
1ift coefflclent, average values were used in the calcu-
lations for operation near peek efficlency. The profile-
drag coefficlent increases rapldly near the stalling
angle of the sectlon and the average values are accord-
ingly not representative for such conditlons.

Figures 7 and 8 show the effect of drag on the
thrust and torque coefficlents, respectively, for
several values of V/nD. The values of thke section
profile-drag coefflclent shown 1n figures 7 and 8 were
used in the calculations for the Hamilton Standard 3155-6
propeller. Curves of the differsential-thrust and
differential-torque correctlons due to drag, for the
drag coefficients shown, are plotted agalnst the radial
locatlon x,and the integrated correctlions are also
included In figures 7 and 8. These Ilntegrated values
apply for one blade and the correctlon 1s directly pro-
portional to the nurmber of blades and to the blade chord.
The element thrust coefficlent and the element torque
coefficient due to drag at a given value of V/nD are
directly proportional to Cp, and a change In Cp at

any radlius ls represented by a proportional change in
the ordinate of the dlfferentlal-thrust and differentlal-
torque curves. For thls reason, the method of analysis
1s adaptable to any blade gectlon for which the alrfoll
characterlistics are avallable. The suggestion 1s also
made that the loss in efflclency due to drag at high
speeds at which the blade section drag becomes lerge
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can be predicted when the drag cosfficlents at high
Mach numbers become avallable, The calculatlions show
that the drag correctlion to the thrust 1s chiefly due
to the high drag of the inner sections (see fig. 7)
and that a change in the drag coefflcient of the
principal working part of the blade due to & change
in the 1lift coefficlent near peak efficiency (see
fig. 6) results in a negligible change in the correc-
tlon to the thrust coefficlent.

The effect of drag on the efficlency envelope and
on the integrated power coefficlent for operation at
peak efficiency in unobstructed air flow 1s chown in
figure 9. The values of 1y and the correzpoading CPi

wlthout cdrag were taken from figure 2 for Cour--bluace
propellers at (OCL)O "R = 0,07. PFor cptimuwn distri-

bution of loading &long the radius for the c2lidity of
the four-blade Hamilton Standard I1EE-C prop-=ilsr, this
value of (OCL)O "R corresponds to CLO 7R = 0.51.

The solid lines in flgure 9 gilve the maxlmua efflclency
and the correspondling power coefficients agalinst V/nD
for optimum distribution for a four-blade frictlonless
propeller at (GCL)O "R = 0.,07. The short-desh lines

show m and Cp as modified by blade drag integrated

from O0.20R to the tip. The curve for m for blade
drag integrated from 0.45R to the tip 1ls shown by the
long=-dash line. The Cp-curve 1s not shown for the

latter case but falls between the other GP-curves.

The introductlon of blade drag of the magnltude shown

in figures 7 and 8 has little effect on the total power
absorbed during operation near peak efficlency, regard-
less of V/nD; the effect of the drag on the integrated
thrust and hence on the efficlency, however, 1s important
and increases rapidly with V/nD. For example, the loss
in efficiency for the entire blade varles from 5.5 per-

cent at E!ﬁ = 1.0 to 23.0 percent at Evﬁ = 6.0. On the

other hand, the loss 1n efficiency due to the drag of
the principal working sections - that 1s, from 0.45R to
the tip -~ ia relatively unimportant. The loss in effi-
clency for this portion of the blade (see long-dash
line,. fig. 9) 1s thus seen to vary from 2.5 percent at

\')
o R 1.0 to 4.0 percent at ﬁ% = 6,0; these losses
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represent the upper 1limlits for lncreases 1in efflclency
that may be achieved by reducling the profile drag for
the working sectlons of the blade operating at

Cr, = 0.81 with optimum load distribution. The thick

irner sectlions of conventlonal round-shank propellers,
wWhich are used for structural reasons, are therefore
the chlef source of blade-drag loss, especlally at
high values of V/nD. This loss in efficliency due to
drag may be greatly reduced by covering the inner
portion of the shank with a spinner and the outer
portion with cuffe, 1f the cuff angle ls properly set.
It 1s emphaslized that cuffs may result in a loss in
efflclency instead of a galn unless set at the proper
angle of attack. Overloasding of the inner redil results
In a large lncrease in the pcwer in rotational cnergy
for single-rotating propellers, and the blade-drag loss
also becomes large for blade sectlons operatlng near
the stall.

The losses dus to the thick inner sections are also
reduced when the propeller 1is opsrating ln front of a
blunt body, such as an NACA cowling, because of the low
veloclty over these sections. Calculations of thrust
and torque coefficlents have therefore been made at the
same values of V/nD and for the same distributlon of
the element drag coefflclents as In figures 7 and 8 but
with the inner portion of the blade azsumed to be
operating in a reglon of low-velocity alr as in front
of a conventlonal air-cooled Installation. The velocity
distribution in the plane of the propeller, as used in
these calculations, ls given in figure 1G, for which the
dats are taken from reference 4. The reglon of low-
veloclity air depends on the ratio of the nacolle dlameter
to the propeller dlameter, the conductance of the engine,
and the distance of the propeller in front of the cowling.
The ratio of the nacelle dlameter to the propeller diemetsr
in the setup in reference 4 was 0,417, The effect of
operation in front of an open-nose cowling (velocity dls-
tribution of fig. 1C) 1s shown in figures 11 and 12 for
a four~blade propeller. Thrust and power coefflclents
due to the distribution of drag in flgures 7 and 8 are
shown for free-stream operatlon by short-dash llnes in
figure 11; the long-dash lines represent operation in
front of the NACA cowling. The value of the power
coefficient due to drag (AGP)D i1s seen to vary but

1ittle with V/nD whereas (AGT)D rises rapidly.
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Equations (4) and (5) also show thls effect. The effect
on the efficlency of operating a propeller in the velocity
distribution of figure 10 1s shown in figure 12 and com-
pared with the efficiency computed for operation in free
stream. The increase in propeller efficliency resulting
from the presence of the cowling varles from 1.0 percent
at —= = 1.0 to 9.0 percent at - = 6.0. In the calcu-
lations for the curves shown in figure 12, the only
varlatlon considerecd 1s the drag of the blade shanks.

The low-veloclty alr causes an increase in 1lift over the
outer sectlone of the shank and, accordingly, an increase
in the rotational-energy lossz, which may result in a
somewhat smaller gain in propeller efficlency than indl-
cated by figure 12. TIn order to determine exactly the
magnitude of the change 1n propeller efficiency, element
calculations for each veloclty dlstribution are neces-
sary inasmuch as a change in velocity distribution pro-
duces an effectlive change 1n pitch distribution.

COMPARISON WITH EXPZRIMENT

The experimental effliclency envelopes for four-,
8slx-, and eight-blade Hamllton Standard Z155-6 propellers
are compared with the calculated results 1lntegrated to
0.20R 1n figure 13. The experlimental results for the
four- and slx-blade propellers were taken from refer-
ence 6 and the results for the elght-blade propeller
were taken from reference 8. The single-rotating
propellers were made up of two hubs mounted in tandem.
The spinner In the setup for all the experimental data
covered the inner 0.183R of the front unit of one-half
the blades and the inner 0.232R of the rear blades.

The results are ln agreement over the entire range
investigated for each set of bhlades. The calculated
efficlency 1s about 1 percent lower than the experi-
mental efficlency at low values of V/nD and 1s higher
than the experimental effilclency at very high values of
V/nD; the calculated curve crosses the experimental
curve at V/nD ~ 3.5. Part of the discrepancy is due
to the use of the short method.
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CONCLUSIONS

A short method »f estimating propeller efficlency
for a glven operatlng condltion has beer: developed by
a theoretical analysis. The efficlency 1s determined
by evaluating separately the induced losses and the
proflle-drag losses. A comparison of the estimated
efflclencies wlth experimentel results lndicated the
followlirg conclusions:

1. The performance for operation at values of the
advance-dlameter ratlio equal to or less than 2.%f may be
accurately predicted.

2. The approximate performance of conventlonal
round-shanx propellers may Le predicted to values of
the advance-diameter ratlo much higher than 2.F.

3. The upper 1limlt of posslble performence for
other types of propeller (alrfoil sections over the
inrer radil or the use of cnutfs over the round shanks)
1s shown for values of the advance~dlameter ratlo up
to 6.0.

4. The cause -of excesslive los=es may be detcrminead
for any propeller design.

5. The maximum galn In efficlency to be realized
with dual-roteting propellers over optimum single-
rotating propellers 19 evaluated for a wlde range of
operating condltlon.

Langley Memorlal Aeronautical Laboratory
Natlonal Advisory Commlttee for Aeronsutica
Langley Fleld, Va,
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APPENDIX
APPLICATION OF THE METHOD'

The problem of determining the propeller efficlency
for a glven design condltlon by the methods of the present
report may be resolved into two parts: (1) determination
of the induced power losses and (2) determination of the
proflle~-drag losses. The induced power losses for a given
deslgn condition are avallable from flgure 2 as 1 - N4,

The induced losses obtalned from filgure 2 at V/nD < 2.5
are very close approximations to those obtalined with
eonventlional proeellers. This range of V/nD covers most
current high-spesd designs. The blade drag 1= handled
separately and can therefore be ursed for high Mach numbers
and high drags if the correct airfoll section character-~
istics are used for ths corresponding iach numbers. The
proflle-drag loeses are obtalned from figure 11, which
shows the variation of the thrust and power coefficlents
due to drag for the values of the element drag coefficlents
shown 1n figures 7 and 8. These drag values are repre-
sentative for the Hamllton Stendard 3155-6 propseller
operating near peak efficlency. The ordinates of the
curves 1n figures 7 and 8 are directly proportional to

the drag coeffilcients at each radius so that, if other
drag values are used, new curves glving the thrust and
power coefficlents due to drag may be easlly plotted.
Since the total power losses are dilvlided into induced
power losses and proflle-~drag losses, the method alds

In determining excessive losses for any design conditlon.
Excessive losses may be due to the fact that the propeller
1s either too heavily loaded or too lightly ioaded, to a
poor load distribution along the blade, or to high blade
drag due to compressibllity. - The use of the performance
charts determines the 1lift coefflclent at a representative
statlon and thus the loading.

Two examples are given to lllustrate the use of the
charts in the determination of the propeller efflclency
for a given deslgn condltion.

Example 1

In example 1, the propeller selected operates on a
liquid-cooled installatlon in the tractor position and
all the sectlons are assumed to operate at free-atream
velocity. No compreselbllity correctlions are applled.
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The following deslgn condltions are assumed:

Power, hp ¢« . ¢ o o o+ o o 2 o« « » o ¢« o« s « » o« s 2000
Altltude, £t o« ¢« o o ¢ o o o ¢ ¢ o o » « » « « 28,000
Velocity, mph ¢ ¢« « & ¢ o ¢ & o o« a ¢ o o s o o« & 425
Rotatlonal speed, PSS . o+ + o s s ¢ s o o o « o 23
Propeller dlameter, £t . ¢ ¢ o o ¢ ¢« &+ o« o o o & 12
Number of blades . « « ¢« =« s « s « o » o s « s +» Four

- Bb
00.7R - m . [ . . [] (] . ] » [] ) [] . . . . . 0.1380

Activ’.ty fac tOI‘ . . e « ] « s @ s e . LI ¢ o . 90

V/nD [ * » e L2 L] [ ] [ ] [ ] L] o L] L ] L] Ll [ ] » [ ] L ] Ll *® Ll 2'26
P
c = L ] [ ] L] L ] L] L ] L] L) L] [ ] ® L] L] L] L ] L] L ] L L ] 00542
P pnsD5

The calculated values for operatlon in free alr
are

(AGP)D (F1g. 11) v &« ¢ o « o ¢ o o s o o & « « « 0,008
cPi = CP - (ACP)D e ® ® 8 ® ® o @8 ® & e @ = » s @ 0.536

1/0531 - Y-

(0C1)p pgp (fig- 2(e)) . v o v v v oo .. ... 0407
CIO.VR e o a4 a s o 8 e s s » s = e s s s o s s« 0,81
n, (fig. 2(e)) ¢ ¢ o e v e e e e s e e e s e . . 0,931
Ep/P (Pig. 3(D)) & v v « o ¢ o o o s o« o o o« « « 0.039
nicPi
CT1=W"""""""""0'1385
(ACT)D (f1g. 11) -0.0103
Cp = Cp, + (AcT)D c e e s e s s s e e .o« . 0.1282

_Cp vy

'n — FPEﬁ . Y » ] » [} . . o . . - . . . . . 00848

In order to determine whether the propeller selected
1s loaded properly, the value of CLO 7R 1s flrst deter-

mrined 1n the selection chart in figure 2. Since the
design conditions are given and 1/[F;; and V/nD have

been predetermined, the value of (OCL)O "R is read
directly from the chart. The value of Crg.,7r required
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is found to be 0.51 and indicates & satisfactory design
condltion. This 1lift coefficlent has been found to be
thaet absorbed near peak propeller efficiency for the
Hamll ton Standard 3155-6 propeller for operation at the
given V/nD. The power loss due to rotational velocity
En/P, which is equal to 0.039, 1s the maximum increase

in efficlency to be expected from the use of dual-
rotating propellers of the same dlameter and solidilty.
The 1nduced efficiency 1s 0.92 but the introduction of
drag of the magnitude of that shown in flgures 7 and 8
reduces the over-all propeller efficlency to 0.848. The

use of 1/15: with drag included, instead of 1/(Pg,,
results in negligible changes in my and (GCL)O -

Example 2

The only difference between example 2 and example 1
l1s that the propeller 1n example 2 1s mounted 1n front
of an open-nose cowling (air-cooled installation) with
the inner sections of the propeller in retarded alr flow.

The design condltions, which are the same as in
example 1, are

Power,; hp ¢« « « o« ¢ o o o« o o o o« o o o« = s « « s« 2000
Altitude, ft . . .« ¢ &+ ¢« ¢« ¢ &« ¢ ¢ o« « « « « «» 25,000
Veloclty, mph « . ¢ ¢ o ¢« o o o o o s ¢ s o o o 425
Rotational speed, I'PS « o « o o« o o s s s o s o 23
Propeller diameter, ft . « « o« o o o« o o« o ¢ o 12
Number of blades . « ¢« ¢« ¢ ¢« o o« ¢ o « ¢« s« « « » Four,
- Bb
00.7 - m‘l . . . [ ] L] [ ] - [} . . [ ] - . L] . [} . [} 0.1380

Actlvity factor .« ¢« ¢ o« ¢ o o o a o o o o o o o o 90
V/n.D L ) L] L] L » L L L] L] L] L L] L] L L] L] L L] L] L] a L] 2.26

P

CP = ;;FD? e o o ® e & o 8 8 e e ®w e o o & * o = 0-542

The calculated values for operatlion iIn front of
NACA cowllng are

(AGP)D (fig' 11) e o s ® & ® @ & 8 o e s & o » 0.006
CPi - CP - (ACP)D * e e &+ o 8 8 s 8 s 2 s s e e . 0.356

L e T - Y- X
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(OCL)O.'TR (fig. 2(c))
GLO.VR «c e s o s 8 e @

ny (fig. 2(c))
E./P (fig. 2(b))
n1Cp
C = —"F~£
1~ v/nD
(ACT)D (fig. 11)

Cp = Cpq - (ACT)p

L NACA ACR No. I4IZ29

0.0%7

0.51
C.931
G.039

0.1385
-0.0065

0.1320

0.872
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