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PROPELLER SELECTION FROM AERODYNAMIC OCORSIDERATIONS
By John %, Origler and Herbert ¥, Talkin

SUMMARY

A theoretical analyslis 1s presanted of the perform-
ance of propellers extending to high values of V/nD, At
high values of V/nD the analysis shows the propeller '
efficleoncy t9 be critically dependent on the distridution
of the load along the radius., A method of calculating
the pitch diestributions of optimum propellers is explained,
Chartes are presented that facllitate theo selsction of the
most efficlent propellers over a wilde range of operating
conditions, It 1s noted that expsrimental data in the
range of high values of V/nD for the purpose of estad-
l1ishing the optimum load distribution ars essentlally
lacking,

INTRODUCTION

Until recent years the application of propeller theory
has been largely restricted to low values of blade angls,
Experimental investigations have been made at low valuoes
of V/nD or, at best, on propellers designed to operato at
low values of V/nD and tested at high valuea of V/anD,

For the low values of V/nD tested, the efficlency depends
chiefly on tho power absorbed, the speed of advance, and the
diameter of the propeller, Other factors of lesser importance
aro the distribution of thruat along the blade, the num-

ber of blades, and the profilo drag of the blade sections,

Tor high-spesd airplanes, high values of V/aD are
raequired in order to avold adverse compressidility affocts.
Theoretical eanlcoculations of propeller efficlencios at
high values of V/aD for propellers designed to oper—
ate at low values of V/nD agrec with the experimental
efficlenclios odbtalned, Oalculations for the same propel-
lers whon the pitch distribution was adjusted to give the
Goldetoin lemding along the blade show materially higher
officiencies and indicate that a major variables for the
poak-officiency condition at high values of V/nD




is the dletribution of thrust along the bdlade.’

At alirplane speeds of approximately 0.7 the speed of
sound, 1t 1s necessary to use low 1li1ft coefflcients in or-
der to avold compressibility losses, and these low 1lift
coefficients lead to low values of L/D, and the profile

drag becomes important.

The results of tests of propellers desligned for Gold-
steln loading for each opoerating condition are reported 1n
roference 1. Thege tests were made up to a blade angle - .
setting of 43.6% at 0.7 radius, and the efficlency obtained
for the oporating conditlon of peak efficlency agreee with-
in 1 psrcont of that calculated for a Goldsteln distribdbu-
tion of loadling. Thils good agreement betwoen tho experi-
mental and the theorc.ical results indicates the poseldll-
ity of maintalning high efficlencies at high values of
V/nD as calculated by uesing the Goldstein distridbution of

loading. .

The present report shows the values of efficlency
that are theorotically possible with a Goldstein load dis-
tribution for a wide range of power loadingse and values
of V/nD for eingle-rotation propellers of two, three,
four, and six blades. It presents a method of determining
the plteh distridbution to approximate the Goldstein load-
ing for any cperating condltion. The report 1s lntended
to furnieh a basip for design of propellers to be tested
at high values of V/nD in order to demonstrate the
velldity of the theoretical analysis in the practical ap-
plication to aerodynamic design. If the experimeantal and
theoretical manalysee are found to agree at high values of
V/nD, then theoretical analysils will be available as a
reliable basls of merodynamic design of propellers for
any operating condition.

The authors wish to acknowledge the beneflt of the
unpubllshed work of Mr, Charlee Kaman that ss furnlshed

by tlhe Eeanllton Standard Propellor Compmay during the
preparatlon of this roport.

SYMBOLS

D propecller dlameter

R radiusg to tlp of propeller
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radlius to any blade element .
radial location of blade element (r/R)
chord of blads element -
disk area of propeller

number of propeller'blades

angle of attack of dlade element corrected for
infinite asvect ratio

blade angle setting

anile of resultant velocity to plans of rotation

p"‘ao)

v
-1
angle of advance of propeller <}an -

angle of infliow (§ - §o)

. propeller rotational speed, revolutions per second

propeller elemgnt molidity (Be/2nr)

axlal speed of propeller

speed of sound

nase density of alr .

dynamic preeeure of air stream (% p v?)
advance-~dlameter ratio_of propeller

1ift of propelier sectlion

drag of propellcr section for infinite aspect ratilo
11ft coefficlent for infinite Aspoct ratlo
drag cosfficient for infinite aspect ratlo
propeller slement load coefficien£

blede olement load coefficlent.
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tan™* Cp/Cy,
input power to propeller

power coefficleri (P/pn3D®)

power dilek-loading coefficlent
D mpV
8P

input torgue to propellsr
torque coefficient (Q/pn?D®)
thrust of propeller

thrust coefficient (T/pn®D*)

(P/qSV)

propeller, or element, offlcilency

efficloney loss due to drag{

elemont torquoc coefficient Qgéﬁf

pn

nDx

[cot ¢-cot(¢+'¥)]}

slement thrust coefficient EE;%;
pn

axlial-veloclity interference factor

rotational-velocity interference factor

rotatlonal energy in slipstrean

1.0
4ac
1 ' Q
E_ d/q f ax 4x
Qe 0.3

tip-loss coefficient
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FORMNULAS.

The formulas employed for making the propeller-blade-
element calculations in this report are taken from refer-
ence 2, From this reference are ohtained the relations

a' _0(Cp ein g + Cp cos §) (1)
1 - af ~4F sin § cos P
and . ]
s 0{5 oos $ - Op sin §) (2)
1+a " 4T slo? P

It appears that the drag termg should be omitted from these
equationse because the retarded air due to drag is restrioctd-
ed to thin helical sheets in the wake and can have no ap~
prociable effect on the general inflow factors a and a'.
These equations then become

atl - UOL (3)
1 - a' 4F cos §

and
a aC; cot P

1l +a = 47 sin a _ (4)

With these squations an expression for the blade ele-

hent loading .may be obtained:

o0 4 gin ¢ (1 + DRDX o c) :

r a
ﬂmﬂ:) +1
v
For small values of ¢ this equétion becomes

oC 4¢'(? + Hﬂal e) ‘

____T_Il - . . (6)
' /(-—g—" Dx)a + 1 - -’

'v’ .

This formula was ueed in constructing figure 1. The solu-
tion of oquation (6).for ¢ 1is
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Tormula (7) 1e upgeful for solutions outeide the scope of
the chart. '

The expression for the oloment offlciency 1is

N = = cot (§ +7) ©(8)

The element efficlency without frlction is obtained from
this formula, omitting Y. The efficiency loss ANp due
to frictlion drag 1es then given by the difference between
these two expreeelons for 1):

&M= —I— [cot § - cot (f + V)] (9)

The expression for the rotational-energy loss 1s derived
in referoence 3.

1 .
B 1l ac
—E = al ——Q' dx (10)
P GQ dx
[o]
RESULTS

Figure 2 gives the tip-loss factor F as used in this
report for two-, three—, four—, and six-blade propellers,
Reference 4 gives the corrections for two—, three-~, and four-
blade propellers and a method of extrapolation t: obtailn the
corroctions for use with a six-blade propeller, The data of
reference 4 were extrapolated to x = (.,2 for the two-,
three—~, and four—-blade propellors,

Tigure 3 shows the ratlo of the element load coefficlent
cCy to the load coefficlent at the Q.7 radius for two—,
three—, four—, and six-blade propellerg having the Geldsteln
distribution oporating at valuos of V/nD from 1,0 to 5,0,
The mothod usod in obtalning the distribution of the element
load coefficient 1s outlired dy Bairstow in reference 5, TFor
constant Op &along the radius, the curves give tho plan form
for maximum sfficlonoy at a giver value of V/nD, Ahy depar-
ture from this plan form may be made without any sacrifice in
effilclency provided that Cp 18 adJustod to keep eC1 as
shown on tho figure, except for losses due to changes in
L/Dy, of the sections.

Tor operation at low valuee of V/nD and torque cooffi-
clent, the chief losses in efficlency arise from the axial
motlion imparted to tho slipstream and the blade drag, At
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high values of V/nD and torque coefficient, however, the

. percentage power loes in axial momantum 18 very small and

the loss in efficlency due to the rotational velocity becomes

. important. The rotational-energy loss 1is proportional to a!',

vhich in turn 1e 1nveruel§ proportional” to x3 (Teferemce 3),
g0 that a larze portion of the energy lossas mayariss from thie
source ovor the inner radll, For this reason it would be desiradle
to unload the inner mections of the blade as V/nD increases,
On the other hand, the Goldstoein tip-~loss correction at a
glven radius inecroasses with increasing ¢$ or V/aD, which
resultes in greater loes of officliency at ‘the tipe of the -
bPlades. The two effects, which are a funotion of V/aD, tend
to. move the leocatlon of the maximum elemont loading in oppos :
site dlreotions. The first effect predominates, however, and
it may be seen in figure 3 that the loading should be more
concentrated toward the tip with increasing V/nD. althcugh
for values of V/nD of 3 or more, there is seen to be little
change 1n optimum load distribution.

Figure 4 shows the radial location of the maximum value
of the element load coeffliclent oCy against VY/nD for op-
tinmum lomd distridbution for two-, three-, four-, and six-
blade propellers., It 1s seon that tho maximum value of o0y
should move toward the propellor tip with an increase in tho
number of blades because tip loss approaches mero for an in-
finite number of blades. The curves alsc show that tho max-
imum value of o0; sehould move toward the propeller tip
with an incroase in operating V/aD,

The loss of clomont efficioncy due to drag, Alp, 1s
plottod agalnst V/nDz in figure 6, as calculated dy equa-
tion (9) for a wide range of values of L/D,. Values of
C;, for a 9-percent Olark Y section taken from figure 10
ATe shown on the curves of L/D,. The total loss in effi- /
ciency resulting from the profile drag of the blede is
Been to be only a little more than 3 percent for clemonts
operating at the usual present-day value of 0y of rough-~
ly 0.45, corresponding to an L/D, of 60, in the range
of V/aDx from 3.0 to 6.0, For the eame L/D, At higher
values of V/nDx, this lose 18 inoreased, for example, to
1l percent at the value of V/nDx = 30. The effioclency

~loss due to profile drang boecomes important algo at the

lower velues of L/D,. Low valuns of L/Dy mar arise from
the use of small lift coefficieain in an effort to in- '
crease the section speed at which compressidility ehogk’

is encountered. If a OC; of 0.25 is used, for example,

"onh a blade sectlion operating at a V/nDx of 7.5, the

friotion lose will be more than 7 percent (L/D, = 38).
This value reprosents the loss at a V/nD of 65.36 for the
0.7 radius. At x = 0.3 and V/nD = 5.35, V/nDx 1is
17.56 and the loes 1s 15 perceint for an L/D, = 38.




A value of L/Dg = 38 . is unattainable for the thiok
inner sections at the conditlon of optimum distribution
for V/nD = 5,26 and COL = 0.26 at the 0,7 radius, For
this reason the loss in alement efficlency will be greater
than 156 percent at x = 0,03 for the specified conditions dut
since only a small proportion of power is absorbed on these
sections, the effect on the total efflclienocy will be small,
This effeoct may be seen in figure 6, which shows the .optimum
distribution along the radlius of the ratio of the element
torque coefficlent to the eleoment torgue coefflclent at
the 0,7 radius for three values of V/aD for a throe-—

blade propollor with constant L/D; along the radius,

Thé baslc propeller melection charts of this report
are presented in figure 7. The curves have been drawn
through‘pointe obtalnocd from optimum torque and thrust
distributions graphically integrated from the tip of the
blade to x = 0.2. The ordinates give valuoe of offi-
clency for propolloers with blado sections operating at
L/D, = 60. The abscissas represont values of

1 = D "pvs that thie 1o 1g linear in propel-
7 " 80 a sca 8 prop
e . /

ler diameter. Againet these scales are shown, in solid
linep, curvoee of constant propeller element load coeffi-
cilent OC; at 0.7R over a wide range of values for two-,
three-, four-, and six-blade propellers having optimum
lpoad distributions. These curves are crosesed by families
of dashed curves of constant advance-diameter ratio _V/nD
‘for values of V/nD from 1.0 to 6.0, -

The dotted curves of 0C; represent a nominal value
of 0C;; that 1s in thc normal range as uzed on conven-
tionnl propellers. These curves are included as a neans
of orientatlon and are plotted together for two-, three-~,
four-, and gix-blade propellers in flgure 8. This chart
1s useful to obtaln a2 first approxlusticn to the required
number of conventional bladese. It eshculd te noted that
figures 7 and 8 apply strictly orly to propeller blades,
all the elemente of which operate at the eame value of
L/Dg = 60. The usefulness of these figures can be eXtend-
ed, at least qualitatively, to other values of L/D, for
the entlire blade or for varlious radial elements of the
blade by means of figure 6. It may also be seen in figure
7 that, for a.fixed value of P,, A galn in efficlenecy
may be realized by operating at a decreased value of ¢0j,
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and lower values of V/nD, Thus, for any propeller in-
stallation, it is advantageous to operate the -propeller
at the lowest value-of V/nD possidle and still avoild
compressibility losses. The lower values of V/nD are
not attalnable in modern designs for high~-speed flight,
however, because of merodynanmic limitations on section
spoeed, T

For a given power and flight speed and for constant
tip speed, the inorease in efficiency with diameter for
corresponding decreases in solidity may de followed di-
roctly on a curve of constant V/nD in figure 7, Follow-
ing along a given V/nD curve, the effiocilenecy can be con~

‘tinuously increased until a practical limltation on tho

minimum value dof 0Oy, or the maximum dianeter 1e ‘reached.

In figure 9, values of N at V/nD = 2.6 have beon
rlotted against ©C; at O.7R for two-, three~, four-,
and six-blade propellers. This figure affords a reans of
estimating the decrease in 1 with increasing ¢0;, ob-
tained by increasing the number of blades in one case or
by increasing the blade width in the other. The figure
also shows the galn in efficlency to be oxpected for o
given solidity from increasing the number of blades. These
curvoes Aare crosscd by a dotted standard curve of constant
width per bdlade. The dotted curve shows the change in of-
ficiency to be expected from toste on propellers of two,
three, four, and slx bledes of constant width per Dblade.

DISCUSSION -

: Oonventional plan forms are genorally rolatively too
wido along the inner radii for the high valuss of V/nD
needed for present-day applicatione. A typical chord dis-
tribution of Bursau of Asronautices propeller 5868-9 1s

- shown in figure 3(a). It may be seon that, 1f Cp 4is con-

stant along the radius, the chord alstribution will close-
ly approximate the optimun for a two-blade propeller for
operation at a V/nD of slightly less than 3.5, whoreoas
some present-day applications nay require a V/aD of 6.0

or m1ore.’

The effact on the propelleé effléfbncy of using a
fixod chord distribdbutlion and varying the valuo of O ¢to

" obtaln the optimum distribution of ofp for tho desirod

operating condition was estinated as follows:
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The eptimum bdlade plan form with constant .0; for a
three~blade propeller at V/nD = 1.0 was ysed for com-
puting its performdance at V/nD = 5.0 with tho distribue-
tion of the olement load coefficient’ ' 00;. adjusted to
givo the optimum distridution of e at V/nD = 5.0
by varying only 0.

For i1lluetrative purposes Clark Y l2-porcent sections
have booan asmined. The data for these sections were takon
fron referenco 6 and are plotted in figure 10. Curvés of
" €, for constant angle of at tack are plotted againét thiock-
ness ratlo in the lower part of the figure. The thickness
ratio 1s the ratio 'of the maximum thiokness of the blade el-
ement to 1ts chord. In the upper part are plotted 'durves
of L/D, for constant C; agalnet thickness ratio.  The
distributions of eOL for the propeller are shown in

.flgure 3 and the .design calculations are given in taeble I.
The changee 1n element effiociency are the direct result
of changes in L/D, ocorresponding to Oy. The result

will be influenced somewhat by the relation of the slement
O to the GL for maximum L/D,.

. In the illustration both blades ‘have the same value
of 0C; at x = 0,7 and all sections operate below Of
for maximum IL/D,. It will be noted that L/D, 4increased’
slightly from x = 0.7 to the tip of the Dblade bit fell
rapldly over the inner sections from 60 at x =.0.7 to 21
at x = 0.2. The propeller effliclency is 0.860 as com-

ared with 0.871 obtalned with optimum chord distribution

fig. 7). The lose 4in efficiency as a result of using
the plan form of blade 5868-~9 instead of the optimun,
therefore, may not be expected to be much greater than 1
percent of the power. -The thick sectlons near the bubd,
howevér, w111 produce an additional loss.

_A much more serious loss in efficiency resulte from
the ‘common.practice of adapting a blade desizned for low
values of V/nD to operate at higher values by simply
turninz the blade in the hub., In order to 1llustrate this
-capge, the optimum blade for V/nl = 1.0 for a three-blade
Propeller was analyzed for operation at% V/nD = 5.0 by
adding a constent angle to B for all elements, the total
power coeffioclent belng adjusted to about the same value
as for the optimum propeller.at V/nD = 6§.0. By thie pro-
cedure the efficlenocy obtalined is 0.765 as compared with
0.871 for the optimum propeller at V/aD = 5.0. The calou-
lations are shown in table II. Over most of the blade the



1363

11

value of L/D, has fallen from 60 to around 45, and this

result accounts for.-a small part of .the efficiency loss,
(0f. fig. 5.) The greatest portion of the loss, however,

" 48 the increase of rotational energy in the slipstream

resulting from overloading the inner portien of the blade.
The torgue digtridutions for the two propellers are showa
in figure 1ll. The rotational-energy losses are compared

in figure 12 as ocomputed by the method desoribed in refer-

.ence 3, These losges are seen to be 4,5 perocont and 14.2
- percent for the optimum and .the twisted blades, respectively.

-Computations of the foregoing type have been used to
analyse the performance obtained in teets of propellers
designed for low values of V/nD and tested at high val-
uos of V/nD The oless agrosoement betwsen cemputations
and teest results has led to the conclusien that the most
important variable for operation at high values of V/aD
is the. pitch distridution of the propeller. Tests of pro-
poellers of optimum pitch distridbution at high velues of
V/aD, are urgently needsd.

. PROPELLER SELECTION

. Tor a given airplane-engine unit, the quantity

E%%— will, in general, be fixod at a known valus.

There remain to be determined the number of blades B, the
propeller element loading coefficient oCp, the rotative
spoed n, and the propeller diametor D. Thoe effoots on
the efficlency of obangos in thess four variadbles cecan be
roadily followed on the selection charts (figs, 7 and 8).

Several examples are glivon hero to demonatrate the
uso of the dosign charts (fig. 7) in determining the proper
relation between all tho variables in tho eselection of a
propeller for any given set of conditions, In the exan~-
Ples it is aspumcd that tests are avalladble glving the
eritical Mach number for the propeller sections for ocon-
toemplated use., Toets to obtain thoese data are urgently
needed as exinting data of thie nature are scant and un-
reliadle. ..
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Exanple I.

It 18 mssumed, for the purposes of 1llustration, that
all the propeller sections are known to be free from un-
.4due compressibllity losses if standard bdladee are usod,
if the 1i1ft coefficlent does not exceed 0,55 at 0.7 radiua.
and 1f the propeller tip specd does not excoed BO porcont
of the speed of sound. The design conditiones are as fol-

lowse:

fowver, horsepower . . e e e e e e e e e e e e 2,000
Altitude, feet . . . . . . . . . . . . . 4 . . 25,000
Veloclty, miles per hour . . . . . « .+ « « « « . , 400

Tip speed, (0.80 V,), feet per second . . . . . , 811

™D = v/(tip'speed)a - Va, feet per second . . . ., 569

v/nD [ ] [ ] L » . L) [ ] [ ] L L [ [ . . . . L [ ] L L ] L] [ ] [ 3.30

'rr'V'i
/—&— s® » e o o e & o e o » s e s o o = - . . 0-2772

8P
Four Six
= blades Dilades
wpV
D Y » [ . [ ] . [ ] . [ - . . - ) - - '
oF . 4.75 3.90
D, foeat . ¢ ¢ ¢ ¢ ¢ ¢« 4 « ¢ o ¢« o o o = 17.15 14,06
BEetimated welght, pounds e e e & e e & 1030 870
Propeller rotational speed, rpm . . . . 623 760

In example I it was asgumed that the propeller drive
gear ratlio was optional., The results show that, 1f a
gstandard four-~dlade propeller is used, a dlameter of 17.15
feet will be recuired dbut that a diameter of only 14.056
feot 18 required if a six-blade propeller is used.

The precedlng process may be repeated with other tlp
speeds provided that the corrections for conpressibility
are known. The selection of the proper tip speed for a
g€iven application requires the use of experimental data
that are not available for an accurate solution,
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It is now necsasary to go to figure 3 to obtaln the
proper distribution ef ofp along the radius for a value

of V/aD = 3,30, The dauired propeller blade angle for
any radius may be obdbtalred by succesliva approxinations ae
follows:

rrom ¢° and x an appro:imation to- T 1w mede,

c
which is dsed in caloulating gg—%

Then the first approximation to ¢° 1ls made where

—
° . 28, V)SE;-. ‘v’)’.v
¢ 38 .65 “//Z;nnx t 3 q//l + ainDx maDx

BeCly,
2mr¥

For convenience, ¢° hag boon -plottod against for

a wide range of values of B%E in figure 1.

_ A firgt approxinmation to ‘P 18 now obtained,
= (fg + ¢). With thies value of § =and =x, e new F

1s obtained and the procoes 1s repoated to obtain the soo~
ond approximation to @, TUeualldly, two successive approx-
imatlions give ¢ to the deslrod degree of accuracy. Taen
with C; ~and the airfoil section kmown, ag - Zay be ob-

talnod from airfoll data corrected to infinito aspect
ratio. The blade angle setting B = @ + mo.

This procoes may be carried out for as mAny dection
radil as desircd.

If n propeller designed for optimum distribution in
free mir l1le oporatod on tho axis of a body, such as an
open-noed® cowling, the portions of the blade 1n the roglonae
of reduced velocity will experience an lancremsed lift co-
efficliont wlitn tho result that the load distridbution will "
no longoer be optimum, The blado will bs locally overloaded
and may even- stall, The region of reduced axial voloclty
occurs almost invarlably over the blade sections noar the
hudb, so that the overloading in this rogion will result in
large rotational-energy loesos. . In such casos, dosigning
for the local velocity distribution is therofore impora-

tive. Caloulations indicato that a close approximatioen to

tho optimunm distridbution in such cases will bo obtainod by
ad Justing the blade angloe of the blade to obtein tha dis-
tribution of oC; appropriate to a propoller in the fraec
stream oporating at the V/nD of the tip,
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Exanplo II

In some cases the maximum allowable dlameter as well
as the selection of gear ratio, and thus the propeller
speed to bde used, will bc epecified. It 1s proposed to
select a propeller thus limited for the englne powoer, alti-:
tude, and forward veloclty given 1in exemple I, Tho limi-
tations on tho propeller end the deslign are as follows:

Propellor dlameter, feet . . . - . o . o o . .'. . 12.8

Propellor speed, rpn © s 6 s & e o s s s & o o @ 1200
)

l__p mvso L.
71: 8P
[+]

v/nD e ® o ® e @ * ® e » e e o 'e ® a s e ° © o e » 2.29

L . . . [} . - [ [ ] LI [ . 3.55

oC;, at 0.72 (f1g. 7(e)) . . . . . . . . .. . . 0.0733

Tip speed = 4/2ﬂnD)= + Va. feet per socond . . . 1000

The computatione show that a standard four-blade
propeller operating with a 1ift coeffilclient of 0.565 at the
0.7 radiue will absorb the engine power {(if no losses are
incurred because of compressibllity), but the propeller
tip tranelational veloclty will be 98.5 percent the veloc-
1ty of sound. This tip epeed is undoudbtedly too high to -
avold some compresslbllity losses over at least the outer
vortion of the bladse.

If the tip portions of the blade were cut off in an
attenmpt to reduece the tlp svsed, 1t wonld be necessary to
use higher 1l1ft coefflclents over the rest of the blade
to absord the power, thus lowering the critical Mach num-
ber of the sections. The propeller efficlency would also
tond to decrocasoe as a result of the reduotlon in diamater.
The best compromise obtainadble by cutting off the propel-
ler tip 18 thus seen to be critically depondont on the
variation of sectlon oritical Mach number with 1lift coef-
flelent, but 1t 1e unlikely that, in a2 given case, much
improvemont in propeller officiency may be achleved by
this procedure.
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Bxpmple III

e v cwem e - -

LTI o e s

Oompraulibility lossss on a propeller for conltant
power will be compmaratively insensitive to changes over a
wvide range of rotative speed, Thup, if a propeller ses-
tlon 18 operating near its critical Mach numder and the
rotative speed 1as increased at the same value of P,, the

Mach number will inorease accordingly. Alseo, the valus of
O0; required for the section will decrease and this result

will raise the critical Mach number., "An example illustrate
ing a typloal case 18 here given. : o

Degign conditions:

Enginé power, hOoraepPoOWer , . , o « 3 ¢ = o o o o 2,000
Altitude, feet e s v v 2 . e s p v e s e s b w 25,000
Veloolity, miles par hour S 400
Propeller diameter, feet c 4 s e e s e s e ; « » 13.17
Fumber of blades ., . , . . o 4 ¢ v o « o o s » o 6
JJ:—P:=D ":;"“"""."""'3'65
FPirst Second

choice choige

Rotational speed, rpon , . . . < e e e e 1080 200
V/8D . v v v v e e s e s e s e e e e s 2.48 3,97
Tip speed, fest per second . . . . .« o . 948 854
fraction of V¥, 0.934 0.843

Speed at 0,7R, feet per second , . ., . . 785 730
fraction of V, . . ., + . . s+ 0,773 0.719

0.0y, at 0,7 radius . 0.0800 0,1070
C;, =2t 0,7 radius . 0,400 0.5356
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Calculations are shown for two rotative speeds, 1080
and 900 rpm., The blade section translation speeds at
x'='0,7 are seer to have the translation Mach numbers
0.773 and 0,719, respeotively, while the required esctlion
C;, 1s raleed from 0,400 to 0.535; thus the increase in
C;, tende to oompeneate for the decreaee in translational
Mach number '

Langley Hemorial Leronautioal Laboratory, . .
National Advieory Committee for Aaronaut;oe. .
Langley Field Va. : '
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TABIE I -

BLADE WITH..OPTINUM CHORD DISTRIBUTION FOR THREE-ELADE PROPELLER AT V/nD = 1,0
ADJUSTED T0 OPTIMOM DISTRIBUTION OF @C; FOR V/nD = 5.0

[n = 0.860; ©g = 0.1593]

c Po P T L/D ' ﬂ E'.'E
= % | (2e0) | (a0a) Tl | VR w | B
0,20 | 2.310 | &2.8% | 83.46 | 1979 | 0.273 | -3.6 | 21 | 0.527 | 0.a54 | o0.0254 | 0.0269

20
«30 | 1.820 | 79.33 | 80.20 | 1.148 | .236 | -3.0| 28 726 | 182 | .0627 0572
5 | 1.285 | 74.21 | 75.48 | .827 ﬁgs -1.9| 1 82 J93 | .1U8L | .153
® 08"“5 69.3"" 70090 .607 ] 70 -.6 51"' |86 .169 nam 0259
.gg .gasg 26.26 28.03 .1;23 .220 2 go B4 | BT | L2965 .32655
. . 3.31 | 65.3L | .365 | .619 .9 5 78 | .12 «3325 | 43

.280 | 60,51 | 62,56 | 241 | .681 1.5 | 68 .885 | .0 .2&6 . !
.95 | 185 | 59.18 | 61.25 | .168 | .720 19 70 .888 1 059 | .22TL-] 2535

TABLE I

BLADE WITH OPTIMUM CHOED DISTRIBUTION FOR UEREE-BLADE FROPELLER AT V/nD = 1.0
TURNED IN HUB TO CFERATE AT V/uD = 5.0

[‘n = 0.765: GQ = 0.1661]

o # %o L/D, A o | Lo 40p

[+]
B | (ae) [ae) | T | B | ase) = =

0.20 | 2.310 | 82.84 | 83.04 | 1.508 | 1,480 | 11,80 | U6 | 0.099 | 0,154 | 0.2170 | 0.0269
.30 | 1,820 7?;'33 83.13 | 1,160 | 1.050 | 5.35 | 70 562 | W82 | L2792 | 197H
M5 | 1,285 | Tha21 | 76439 | .827 | .ggs 65 | 65 «799 193 | 2553 | .2564

845 | 69.34 20.69 60T | H00 | <1.35 | U7 .sszL JA69 | .2058 | 2242
.70‘ .628 66-26 ull'o .’4-85 .350 —1.80 g .58 .1""7 .1897 -2107
.80 | 469 | 63.31 M4 | 367 ] 350 | ~1.80 894 | 125 | .1867.| .2098
«90 | .280 | 60.,5L | 61.66 | .243 | .382 | <1.55 | U5 ,903 | .0 »159 1811
95 | <185 | 59,18 | 60,37 | .170 | 410 | -1.20 | U8 .907 | 059 | .1300 | .1h82

4t
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(@) For rwo—pblade propellers. (Dara From rererence 4.)
Frgure 2.— Curves of Faaarnsr &.

/\\_\Fig. 2Cj/.4-
MATIORR ADYTS @Ry % .
/3 T e M\ 15
=2 ‘\\
12 e /&
N
3
/7 V)
8
X
: 3
NN = = 5
<3 =
NAVANANER NS
N\ D
& XV \ \ \ I
ll \ \\ A et
A AN
JEA \ \ \\ __\\\45\
6 \ N\ N ]
NN
\ N
\ \N\ \\‘é\
7 \\ T
N ]
JEEENEN n
NS |
- SEE=NN
SNERE= s
— 1 95 |
/|
NATIONAL ADVISORY
0 CDFI"'ITTEEL FOR AﬁRONﬂCS
0 /0 20 30 [7} 9] &0 90



i
| NACA
b F'
| /4 N th »
|
y NA4EN
Q_ o4 = ‘w’l"f
‘L /.2 4
b % P
Y w, oL ] v
] L A 3
' -
1 T T :
E!E fe—] ] :
NINRRNNDEES 4 3
i 9 o — . I~ = ' S
l N b}
VAN i
W N \\ _ )
N =
F \ \ \ -
\ \ _
LN NN ~.
P \ \\ S \\ 4
\ N
\_ N ~
\ . \\ \\L
\ S \L\ﬂ
N AN T 4
\ I~
<
'\\
~ -
_ \H\N_\QJ
¥
NATIONA;. ADVISORY ___ |
o COMMITTEE FOR AERONAUTICS
0 /0 20 Jo 40 ¢ de Jo &0 70 &0 1/
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