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SUMMARY
An investigation was conducted at low Mach numbers
tol determine the effect of variations in piteh distribu-
tioh on propeller efficiency. Thiree 1l0-foot-diameter
three-blade tractor propellers mounted on a strnamline

er's
body were testsd for a blade-angle range fram 15° to 65°

In addition to the usual procedure of determmining
propeller thrust and power ¢ efficients o) Tonee oalaace
measurements, surveys were.made of the al pressure
iLial ielals) &rogellef wake to determine the turuot loadlngs.
The over-gll propeller characteristics as well as the
thrust and torque loadings were also determined by an
analytical method,

n thrust and'torque coefficlents are

S ratio at several constant
values of power c made to show the relative
gftfitelienecy of the three 10ﬁell~'s for.a large range .of
operating conditions. The ef] V;en01°” are compared atc
several simulated flight co u01t¢ons ranging from take-
orf & to high sSpeed,

ficiesnt mitn advan

o
presented. for seven standard rac ’i in 4 form that enables
rapid determination of the thrust and torque 1oadings of
e Ghre propellers at oper LtLWg conditions within the
limits of the data obtained. Charts are presented that
show the wvariation of nower coefficient with blade-angle
setting and advance-diameter Iit o and that include lines
of constant efficiency. Oth charts show the wvariation
of thrust coeffiecient with dvgxne diameter ratio at
both constant blade-angle setting and constant power coef=
ficient A comparison cf “hn varigtion of thrust coef-
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For the simulated flight ﬁonﬁitions, the induced ¢
and rotational components of the efficiency loss,
component due to profile drag are evaluated and
bed in tabular form.  Representative distributions
se induced and vrofile-~drag losses are shown.
Goocd agreement was obtained btetween the calculated
an ed propeller characteristies. The results
ing that hlbh efficiencies at large advance-
dia ios (in excess of %3.0) could be maintained
r distribution were near optimun, The induced
ax loss was .shown to he indepsndent of pitch
all whe operating near peak
ef The energy loss might
hecons essively 5 ¢ ance-dlameter Lauios.
The loss of efficiency due to »profile drag would be
critically dependent on the advance-diameter ratio and
the relationshin betwsen G . tan vy at a given section,
IFTRODUCTION
The ideal pitech distribution of a propeller is the
pitch cistribution that, for a ziven operating condition,
will yield minimum energy losses, The 'qﬁuch energy :
lToss 1s a minimun when the blade lead! ng is coptimum.
The profile-cdrag energy loss 138 a minimum when the pro-
¢uct of the blade chord and profi a—drag coefficient at
each section 18 the least nossible for the required blade )
lecading. These requiremsnts for minimum energy losses
may be achieved for a givern operating oondiulon by
following deslgn procedures *such as those set forth in
references 1 to %, which are based on ths work of Betz
and Goldstein.
ause of the xed- ibution oP 8. glven
r, the proper load n-can not be
d over a range of onditions. The'

from optimuwn loading may become appreciable
ranges of operating . condltions suech as those
encountered by high-speed alrplanes. The:work
nece 2 shows at Impr rly 1oa€’n5 the pro-
ads to appreciaghle inca

@ - !
W =S SO N 00

0 c @ (D n O B3 ©®

il 1 8 1in induced energy
losses at high advance-dlamete ios, although the
effect is small at advance-diameter ratios less than .
approximately 2.,5. In particular, the indueced rotatiomal-
energy loss is shown to become excessive 1f the shank
sections at high advance-diameter ratios are overloaded. A
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esent investigation was made in the Langley
searbk tunnel to determine the effects of

bution on propeller Ch&racterxstha for a
d
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e-angle settings from 15° to 65°. The
ded tequo at. low Mach numbers of three

O

0 .oter provellsrs having NACA lh-series sec-
8 and arying only in ritch distribution.: In this
rem the usual force-balance test methods were
°1
i
o

o g
ey
O
363 5 330 953

3
'5\)

emented with walte surveys to determine the thrust
.ngs,., -The thrust and torque loadings and propsller
‘ cs were also determined by an analytical
method with two-dimsnsional-airfoll data,

g o
0 ¢

In the nresent paper the calculated and measured
nrn*ﬂl‘dr characteristics are compared and curves arﬁ
presented show the comparative :ffiCLen01e“ of

X, 9
7l
.

G

threa

ry £o6F a nge of operating condi-

> 0 P
'0 (7

vil L2
t*ons. d]ﬁ“1¢+c” and torque coef-
flc’ emnloved tha induced gxial~

enersy -en o 8 acl the loss due to
profi aral ting eonditiens.,
0 n-. thrust and torque coeffleients are h”e-
sented orm that enables guick “Ouprﬂingtlnn of the
) 5

-hree vropullsrs at
of the data

A chart is presented that »srmits a fairly rapid
qualitative determination of the blade loading for any
propellér. This chart was found to be gquite useful as an
ald in the analysis of the results of this. investigation,

SIMBOLS AND “ﬂ“””’hIJTZ

a ~ . axial inflowfactor (fig. 1)
a' rotational .inflow factor {fig.-1)-
B _number-of propeller blades
© blade section chord, feet
. 3 oD
CD section rrofile-~-draz- ¢ P Ca
" \ 2%
NE

CL section -1ift coefficl
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nower coefficisnt (P/pniDdY .
S : i ' '
torque coefficiant (@/pnzD)) v

o}

thrust coefficient (T,/pncD4)

ot

propeller diameter, feet

change in body drag due to propeller sli
stream, pounds

T -
5

Cnmﬁbdr
1/

o

section profile drag, rounds
(Bic, 1)
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section thrust force, pounds (fig. 1)

energy lost to ax:
f n

energy lost through profile drag, foot-pounds
ner second

lost to rotational momentum in pro-
ler wake, foot-pounds per second
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No

V|

advance-diameter ratio (V,/nD)

prowpl? 2 rotational speed, revolutions per
segcond

powsr absorbed by propreller, foot-pounds psr
second (2mQ)

1

torque of propeller

propulsive thrust, pounds (T - AD)
free-stream velocity, feet per sec 1

al velocity, propeller removed, fee
P gsecond
e C(

true resultant velocity feet per second (fig.

4o

geometri¢ resultant velocity, feet per second
(flg° L

total Iltqw \r
per second

blade-section angle, degrees (fig. 1)

£ \

Cp

e

25

- oG
angle of inflow, degrees { tan 1 L
(e 1) LF sin g
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propulsive efficiency (TpV/P  or CTJ/CP>
blade-section profile-drag efficiency

mass density of alr, slug per cubic foot

standard sea-level per cubic

foot

mass density, slug

section solidity (Bb/2mr)

3
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Q
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icien ts were calculated
The airfoil charg tevlst?cs
ies “lone‘LPT sections

ese airfoil data wers

from reference &, free-stream velocity

was assumed to be uniform and the calculations
on the vropeller desi dimensions,

t and torque coe
civen in reference
ure 2 for NACA 16-

<N A
the calc 11ations. A

5
ne

oN
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: fractional

The frac-

g evaluating the in‘uced
taken from reference 2,

to axial momentum is

T
were

. N1.0 -
;‘La J i A\JV"1
= — a —— dx 2
g CP 615
: UXO




NACA ARR Nc. LbE22 -

to rotational momentum

x

where - dCT
Sedx
NIxP

%

Ix2(1 + a)F

The wvalue

investigation is 0.236 for
all thrae

The fractional energy lass due to profile drag is

dCq 2
——r— -

The walne “of can be shown

tan,%

tan (Z + v)

.
Lo L8 A
talt @ = — " tan ﬁo

he angle ¥ : can be determi: from figure 2(b)
operating C is known, An £

T yxpression giving
" s . ot 2 - oy ] 3
operating C; can be derived frem the following:

7 the
]

515
ne

‘ 303 4 y 2
- Cbp _CBbI (1 +-a)* (c B e
7 Cr cos @ - Cry, 8in &
ax ‘8R singg N L “D 2
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(o)
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ax 168 sin“g

7inating Cp from the expressions for the section

v and torque and solving for Cy; gives the
following sequation

Langley propeller-
the test sebup is
. S are shown
tne pfopellar—spinﬂar
5. The gap bet

the celluloi

pPro; wel_ei blade an
one -thirty-second of an inch a¢l arcﬂnﬁ

The propellers were driven by two variable-spe
25—Hor9ﬂhower electric induction motors. that in
spring~-selsyn dynamometer equipment for measuring

F'*DOLIGP rotational speed was determined by means
electric tachometers and propeller thrust, by the

Tl e sgulnm

i
A3}
._-1
[\§)
2
(@]

nroneller wake was
-pressure tubes
tau-'. ns at
were locate
75, 80,
rone il cn
ter line

inches (0.0625D),

and the minimum clesarance between 2 blade trailing
edze and the total-pre que at 0.50R was 0.0135D,
52 1ne Pressures were reczorded photographically
g nult: tubé'manodeuer, wnich
£ srtical in .order to double
t ‘L ¢ " )
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A llers " gelected for the investiga-
tion were Vhe "NACA 10- 308-03-55, 110~308-03-L5, and
bl

10-303-03-30 gnd :
o1

500 11 h@re nafter he referred to as
propeller ¢35,

o
®
‘i
i
H
'D
3
4
O
‘5
t— D

L .and 308, respectively. The first:
group, of numerdls in the designation denotes .the pro-
in feet; the PJfﬂt digit of the" sscond

times the design 1ift coefficient at 0,70R;
two digits of the seccnd group express
ss-chord ratio at u.fOA. e third group of

1 sol “Jit~r13¢ .TOR and the
51"'1:Ltf’s £l ade- =<ang *le u/bt.:.n:;
design CO“Qlthﬂ T lade design

(D!

at
inc A lO*SFLLCS Q\Oulr gl e lhe ac,*x1ty
fac j 3 three~-blade, tractor
pr isties are
sh curve showing
th airfoil section
at £o '-,’r:r) Qff ‘
O.7H5R

th curves of p/D
ar:

The hladss of propeller L[58 were constr ctbd of
dural and conformed very closely to the design dimensions.
The blades of hro‘ellr“s 558 and 308 were constructed
of mahogany and varied somewhat from the design

ro
dimensions, The blade-section angles of oropeller 558
were generally within #0,25° of the specified angles,
but two of the blades of propsller 303 were found to be
as much as 2° too high in the tip region and to vary
by ¥1° in the shank sections,

from zero
angles of

The range of the
thrust to well beyond

=

the following table:

f».
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-

are - discussed separately.

and prooeller . characteristics
The ' tLree ronnllers are compared
i 5 uo show the effect

3
n

o+« an
PEN @ R (44

of Cb‘“f s in Lne loac dist ibution. A -discussion of
energv losses comnletes the pfesertatlon. ‘

Blade Section Chsracteristics

Calculated blade-ssction characteristics.- The cal-
culated blade section oharacteﬁiﬁtho for seven standard
radil ars shown in figures 9 to 1.  The variation '
of GCT/ﬁx with J at both constant blade-angle sgttlng
and hqﬂnudht bowel. coeffielent fic ellp®es 558, 1158,
and 503 re shown in figures 9 to .1. Tne corresnonding
val are shown in fig

of

sure
several
the measured

o

alcul

€ Z
Some o *}1‘ t may have affscted the res
are: anvu1allu? and veloelity vari;tion in thse
tunael increase in stream velocitw at &

1

e L
sploner (fig, &), the use of int Pﬁc;du4 4
section data, and the hrevi0~“7w noted variati
wooden blades ?"om ucﬁi#n dimensio ns. JsSome el
also probably derived from the use of 8.8ing
(

k’D C)

rake for a recent L;Vuabl;”tiO” reference b) concludes
that more accurate data result from wake surveys across
the propellsr diameter rathe th&i along a single radius
A
m L‘L"‘F 1
the measured - —-curves, however, are generally

arallel ko tﬂe‘Cdl”‘latS GUrVes ., TtuS“uc as he
as sumption of the inde ependence orf bhla

the blade
butliony » Thls

guse of -th
ngle survey

Sfaﬂbdqy nature of the meas ured
8, the discussion is confined
ection characteristics.
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Propeller Characteristics

. The over-all characteristics of propellers . 558,
L5S, and 308, as determined from force tests, are
shovn in figures 15 to 17, respectively. These figures
riation of Cp with J at constant blade-
nzs and include nontouw lines of constant
The operating chart for propeller 553
¢9301al lf*CP st 7 ecause it shows that
'cy can be ﬂ“talnco if the piltch distribu-
the optiulm at large acdvance-diameter
The region of peak efficiency occurs at lowsr
jiameter ratios for propellers 153 and 308
than for propeiler 553. The advance~
¢ efTiciency varies with the

w1 o . & 1 L v Ty o -
whereas cthe corresnonding range for pro-
S szt b = : 2

rom approxilimately s O 1

o

Ee D) land ‘bhat
03, from approximately 1.1 to 2

1.

The variation of the thrust coefficients with
advance-diameter ratic at constant blade-ang gle settings
and also at constant nower ﬂO@ffOﬂjentu is showr in

° o - g # \ - .
f.zuresolo to 20 for propellers 558, 4;5 ‘and 308,
respectively., The variation of Cm with J at

1

1 three pronellers in
arison of thsir relative merit
ing conditions,

”ﬂ“dPT”Pﬂ of experimental and calculated propeller

seristics.- The calculated thrust znd power coef-
TS are shown as ghort-dash lines in figures 15
for comparison with the measu 'eﬂ valupu. The
3q1d7‘1_q~e angle settings show a varying
resu“t of ti
and the nonuniform,.
lated results for the net
to be in better agreement
than are the calculated
llers, which *nﬁicufps that
the more important

velocity fis
propeller (.
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h ;._L"n and, of further interest,

of gh efficiencies hecomes more limite d

g itch distribution is reduced.,. The contour
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extends over a rance of J from 1.3 to
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he sgne nower coefficient
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1n0ﬂnascs with 1ncreasing altitude and - J 1increases
' 8 of ..Cp . end J
Low gpeed at sea
clum altitude,

. These values

lata. are presented
*

0

Takesoff{Climb at _Il

Z2 Ann |Speed at
at sea | 33,800 |°;°5 2%
2 9 217 SHOLT
level i “ft

G .080 2Lé . 1100 »320
It is emrvhasized that com y.effects are
not considered in this investi nractice the
simulated cperating conditions s QECeDt
possibly take-off, would proba compressibility
losses that would exceed the o discussed '

U
— \ -~ = ¢
> P U,2 or e hl ENCY
Sl o« e PN = It
prepeller 558 on the ILV“Van oox*©“r curve., (See
fig. 15.) If these vilues are assumed to represent high
SR B e e L D £ : e =
speed at altitude, maximum rate of climb at the 5gme
al +9% +11A73 <ar =] ~1e 3 - - v ~ -
altitude would regquire the same value of Cp but would
rami1d T o ad A3 A e e+ A -
require ar a'vance—dlametc: pQULO of the order of 1,2
to dependi n risti
thi ison
N 7
and O
0,000
nts,
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The radial variation of Bo
large range of caf‘zcu—o,qxnetc*
taken to be equal to. 1.0 all alc
varigtion of - ﬁo, exnressed as

o (]

11 be “:Cates, . lese larger
es readily account ?ur the shape
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the dirference in for nropellers 55 and %03

% —~ e 3 T i o - "

39 0008 58 al = Areks e-gdiffareonce 1o o for pros
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ut in figure 29
L tant twist, the
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Breakdown of Fnerpy Losses

f a/F ana Er/ij 9 dnd
* were evaluated for
y .

e Y 2« 2 4nn 3 de - -
the five si: 8, and the resulbs
107 nese losses

uparison with the
88 .1 =.n, '1p which
alue. Inasmuch as,
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the values
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lonal energy
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and the integrated CT-value is

the observed GT gl SRs=2RE e

2

a , A
Axieal-energy losSsS.- The*zj—values for the three

propellers in table I are of the same magnitude at any
one opsrating condition., The axial-energy loss is a
large ﬁercentage of the total energy loss at J'= .80
hut this parcentage decreases as J Increases.
lepregenta
5t

b2}

b

3 | SR WS
sy

0

it 38es8 for each simulated
0 table TII with the
energy losses as determined from refer-

same flizht condition Tue ontimum and

ses practically coincide for each. Flight

ich shows that little, if any, improvement

nergy loss co*lw be ¢ hinved by further
hese three propellers,

Rotational-energy loss,~ The distributions of the
; alq
rotational-energy-loss factor a'——— are shown in fig~

o
=
=
5

C

2

[ORRO I

o

I

L

r i 8
grataed re e EISh ow

loss g« tends to

J. DBegcause « the hegvier
llers ;58 and 303, the rota-
ropellers are greater than thegs

ion but that gains
the case of pro-
o

B

A comparison of the calculated and optimum values
of E,/P in teble IT indicates that the rotationsl~-
energy loss of propeller 558 is about optimum throughout
) oL nd i

1
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are mainly the
thin shank

ed "in table T.

the angle § 1s small, ths value of the
induced-inflow factor g geen in figure 1 to'be

angzle ¢ becvmqs lq”‘er of oowrse, a8 J 1increases.
uced-energy 1oss requires

is atta’ned by 3

W

a
lvtujat bCr+ Charts
t

in refere
Eiten “of

)
W
&

03
L8]

g comparisons
} : g irag energy 1os
Indicate that, o Factors, for light loadin
(near peak effic axial-energy loss is
not susceptible , insofar gs pitch
d¢ubf birkion 4 i cistri
ISR ?qn,,ﬁd al and
rent

inconsequential compnared with of the inflow factor s
but these values reverse when & is large, The

a Zlven operating con-

The Taector a'—m is thus kent as small as practicable
LA ‘e
in the wnere large values of @ are unavoidable,

o
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gned

gure 29, however, shows that a propeller desi
b A

{0 oworate at an advance-diameter ratio.of on”hT
d

to 2.0 (for example, propellers 308 and 45S) may be
ovarloaded along the inner radii if it is operated at
values of J in excess of about 245, At “J = 3.15

I \
the inboard values of a'ii for- propellers 55 °
and BOS are shown in figure 32(h») to be much larger
than those for propeller 558, ;ucaisa of a similar
Vﬂ“W,adlné of thse ”hamk gections at J = %.,80, ' the
results in table I give values of In
pellers 1583 and 30S that are nearly d
1kl rotational energy for propslléer 55

D

ble the loss

/
Cu
S

\_"1

Propellzr welght aqd diameter limitgtions generally
reqwir@ heavier loddLugv then those encountered with the
propellers tested., harts in reference. 2 show that for

3

a given nwiber of blades the ovntinum value of BP/P
becomes larger if the loading 1s increased at a con-
stant J. Hence, for more heavlily loaded propellers,
nonoptlimum load distributions of the type experienced by
propellers 50S and 158 lead to rotational-energy losse
more serious than the results of table I indicate.,

rgy loss varies with Cp/Cr

For a small ccnstant value of CD/CL’ the value of Y
does not change apnreciably in the apnroximate range
from 20° to 70°. The value of n', decreases

y as the value of f decreases below about 20°
ilncreases apove about 707,

£

The value of CD/”L’ or tam y,. varles with Cj
(b oW o

as shown in figure 2 1 verating Cr~values

and Cr-valuss beyond the stall produce an abrupt

increase in tan y with a corresponding increase in the
@R

e-dreg losse

The profile-drag losses for the five simulated flight
conﬂutlons discussed herein are of wparticular interest.
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for example, the measured efficiency of -

n take-off,
opeller U453 is 81.5 percent as comparsd with
percent for propeller 303 and 8ii.1 percent for

B oG
®

—
ted (]

tep 55 ,Operqtlng Cr-values were determined
sakke~off and are presented in fijure 38,  The Or-
of propeller li5S, nearly 0.7, in ‘the region

Ok, are on the berder of the region for an sbrupt
&

5 g O3
D s

D e bh @ O TN
L3
& ot

tan y. (See fig. 2(b)). Because.the airfoil
ion cvaracte“1sficb are interpolated, however, the
values of Cyp and tan y ' shown must be regarded as
estimates rather than the actual values at the ‘blade,,
Hence, although the calculated value f"ED/P for
propeller Li55 for take-off only slightly ﬁyceedg the
valus for either of the other two propellers, in
actuallity the profile-drag loss cculd be larger than
shown - or large enough to account for the discrepancy:
B+ Jﬂr_ + ED

between the value 0,161 for & o and 0,185

for cde= oo in-teble T, If this suppositi on 1s tensgble,

the take~off-qualities of propeller 159 could be proved
L4 e e

i
either by reducing. the piteh in the region of Q.5R or
by Incorporating shank sections with-ra Hisheéer crit

11ift coefficient.

- The good efflciency of propeller 555 in take- off,
8li.1 percent as comnared with 35 percent for pro-
péller 503, 1llustrates .a “P°Vuouslj mentioned point -
the similarity of the pitch distribution of a propeller
f high piteh (J.= 3,0 or greater) to that of a pro-
eller of low piteh, (See fig. 29.)

The distribution of fractional energy loss due to
profile drag of piropeller 30S in climb (flc."BA) shows
that this loss is large in the tip region. By com-

paring in figure 29 the blade twist at ‘the tip
(be;ong 0.75R) with the resultant.air-stream twist,
propeller 308 is rJadily_seen to be insufficiently
th f

twisted In this reglon for J = 2.00« 43 a

L R N3 rt BT ST 4 s 5 oot

el e s ek G, . 'are nigh iin tip region. ng-esti-
mated Cp~-values of .all t%ﬂne propellers are shown i

figure 59,
The distributions of Praot‘onal ene rgv—loss @ue i
profile drag (fi
of the simulasted Ei rh-8peed flig i coca;tlons. The
estimaked GLﬁvaltes of the thr, propellsrs at

)
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J = %.15 and Cp = 0,246 are shown

will e noted that the Cp-values at
er 5558 are very low and hence
cf tan y. The “Gou;bluz low
ney at the inner radii does no
peller efficiency; thD'CL’ bec

ion of these sect ons to the

in “figure

rhe

VilT

inner

lead to large

profile~drag

t seriously affect
cause of the small

v LG

total nower absorp-

A comparison of nal- and profile-drag
sn&srgy losses & at vs that of the two
losses the profile-~ the more important for
each wOF'W‘ﬁ‘. Th tions for this flight
condition, presente s indicate that the
Cr-values of all thres are in a favorable
GD/CI, range for most of I llsr radius. The
relationship between Cp and btan y of-the shank see-
tlong (fram- x = 0.5 0 X = 045) is more favorable
for propellsrs L53 and 30S than 1o propeller’ 558, " The
drag losses are shown in figure 37 to be “‘gher for the

3 ° . n - ‘ ! o 5.4
shank sections in the case of propeller 4453 and 308
than for propeller 5583,
0,3 and J = 3,80 +the angle of the
ind @ 1is very larie., .The angle g, 1d'a
ximation to the anzle @ near peak efficiency,
J = 3,80 1is shown in figure 29 to be
: Hence, .fg-values in the region of 0.30R are
in the range in Nllch only slight differences in ¢
e differences in N'os ©even 1f tan-y 1is the
three proprellers, This sensitivity of the
loss to large geometric helix angles,
the large pow absorption of the inner
very detrimental effect on the efficiency
] 2 e £ ~
8 458 and 305. Propeller 308 suffers an
rofile-drag loss because of the low Cp-value
at G,70R; the "bump" in the curve of the profile-drag-
loas distribution of propeller %30S (fig. 37) is the
result of the increased value of tan Yo
CCNCLUSICHS

Tests were made at low Mach numbers to determine
the effects of pitch distribution on propeller charac-~
teristics feor a large range of operating conditions.
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The three-blade tractor propeller of 10-foot
diameter and embodied NACA 1l6-serie 0 sections.
The following conclusions are based on the results of
these tests suprlemented with data obtained by an
analytical method:

1. Good agreement was obtained b@tween the mesgsured
and caleculated propeller characteristies, '

29 High efflcleney cah be obtainecd rfSsher piteh
cliss trlbvtLon is near the optimum at large advance-
diameter ratios.

3. A propeller of cdesign advance=diameter ratio
of 3.0 cr greater would have a favorable loading for
lower values of the advance-diameter -ratlio in the
take-off -range (J =:1,0 or lower),

ILe Variations in load distribution have very litile
effect on the magnitude of the 1nduced - axigl~energy loss

near peak efficlency.

5. The use of a propeller at other than design
advance-diameter ratio might incur excessive rotational-
energy losses if the operating advance~diameter ratio
is in excess of about 2.5.
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TABLE I
”ALCTLALED AND EXPERIVENTAL THRUST AND POWER COEFFICIENTS AND BREAKDOWN OF FROPELLER =
; . : i
EFFICIENCY LOSSES FOR SEVERAL SIMULATED FLIGHT CONDITIONS i
b
; o
Observed |g /P |E_/P ED/P S D 1 Calculated | Observed | Calculated i
Propeller " o o e il = - Bo Cp Cop Cp =
' Wb, 4 00 ' : I T MG s ey (RS S o
Take-off; J, 0.80; Cp, 9.080 , %1
£58 0.841 0.090 {0.010} 0.0LE '0.157 0.159 0.080 . 0.0841 0.082 E%
I5s .15 .089 | 023} .09 . 161 .18 .080 L0815 ~08ly
208 850 -} .087 { .019} -.0L47{. . A58 - « 150 079, .| .0850 .083%
; Climb; J, 2.00; Cp, 3,216 ' | :
S Teee 0.892 0.037 |0 wzé 0.0l2 T 0aG {0,108 ‘ 0.2l48 0. 1097 O, 13”3
IEs .8%5 Ti0%% | .026| .037 .106 .117 2Ll .1086 ” ég
208 863 032L | .oz7l Lolh 115 1271 .ehe L1062 .110
"7 . High Speed; J, 3.15; Tp, 0.246" -
558 0.930 ] 0.012 [0.026] 0.051] .  0.089 0070.]. 0.2y .| 0.0726 0,071
Ls5s . 905 000 | .03L| .0L9 .092 .095 .2L8 .0706 © 071
308 " LBT73 002 | 0341 .050 .00% 127 .238 0682 L067
: High Speed; 'J, 3.003; Cp, 0.400
558 b 0.902 0.019 {0.043 “.OiA 0.10% 0.098 0.39 - | 0.1202 0.1195
I5s 875 .016 | ,051 5 . 109 125 296 L1168 .1181
208 860 .018 { .051} -.oL4L t <113 0 | .39 J1147 .1185
High Speed; J, 3.80; Cp, 0.320 '
558 0.9, ~ }0.007 |0.029] 0.0L47 0.083 0,086 0515 . 0.0770 0.0751
ﬁ5s 873 006 {1 0504 - .06] 120 .127 213 0736 0727
308 831 006 | .0531 .070 .129 .169 2311 .o7qo 0716

L2

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS



28 TABLE II NACA AER No. L6E22
INDUCED EFFICIENCY LOSSES OF PROPELLERS 558, L5S,- AND 308
AND OPTIMUM ENERGY LOSSES FOR SEVERAL SIMULATED
FLIGHT CONDITIONS

Calculated | Optimum | Calculated Optimum
Proneller E,/P Eg/F E./P E P
(a) (a)
Cp = 0,080; J'= 0,80
55 10,090 04090 04019 0,02};
L5s .089 . 090 .023 .02l
308 087 090 ,019 .02l
Cp =:0.2465 T = 2 400
558 0,037 0.03% | 0,036 0,037
05s '05F 057 .056 037
Cp = 026y J = 3415
553 0,01 0,01k 0,026 0,025
58 D09 .01l « O3l .025
208 009 LOLL | 03l . 025
Cp = 0.1100; J = 3,00
| o I TR i
558 0.019 0.088" ¥ Qyllis 0.045
158 .016 <3018 Sl .Ol5
%03 <018 018 | ,051 .0l5
Cp 7 045203, I F %480
558 0.007 Gt o) 0.020F .1 0 000
58 . 006 .010 .050 . 026
308 , 006 .010 2053 ,029

aOptimum values are from figures 2 and 3% of reference 2.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




NACA ARR No. L6E22 i, I

77N DX

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- Geometric relation of blade-element forces
and velocities.
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Figure 6.- Blade-form curves and CLD distribution of NACA propeller 10-308-03.
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