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CHARACTERISTICS OF SIX PROPELLERS INCLUDING THE HIGH-SPEED RANGE

By THEODOBETHEODORSEN,GEORGEW. STICKLM,and M. J. BREVOORT

SUMMARY

This investigation is part of an exknsive experimental
study that has been carried md & fd? 8ca-!ein the N. A.
C. A, ~O~oot tunn+d,the purpose of which b been to
furnish information in regard to the functioning of the
propeiler-wwling-naceile unit under all dition-s of-
take-qf, climbing, and normal J%@. Thti report pre-
sent8th8rewdt8 of te-8t8of&ix propefir8 in the nod and
high-speedflight range and abo includes a study of the
take-o$ churactenktics. Th8 range of the advanee-
diumeterratw has been exhndedfar beyond thut of earlier
ful!-sca.!z experiments al the hboraiory, blude-angle 8e&
ting8 up to .46° being incluokd, which are eguivdent to air
speea%of mom tlwn 300 miles per hourfor propdler8 of
normal &izeand revohh.on speed. ~ the POpdk78 were
testedin conjunction with a stanhd nacelleunit eguipytxi
with half a a%zenrepresm.tativeN. A. C. A. cowlings.

The r& show veqJ8triking di&rwnce8in the aerody-
namic qualiiies of the vwi0u8 propeUer8,particularly in
t~ high-speed range. ALSOof ‘inter& ?2 thafad that the
conventiomdpropd% is 8h5um to reach ‘h? peak q&i6ncy
in a rangeoj 200 to360 miles per hour and at a bladeangle
of approximaltdy36°. The inadquaq of wing the pro-
pulsive e- uncondt%hnullym a jgure of rnei+th
shown. Thti ej%iency, dqined in convehona.1 manner,
k found addy to acceedunity in certdin mm, owing to
thefact that certain cmvhg8 8h4?wa decreased drag in the
propeller 81ip8tr81WLTlw adoptb of 8om# standizrd
nacelleunti is thereforerecommendedm a ba&for the com-
paraiwe L29tingof propeLL5r8. The experimewtulre8@
are prmmted in conve?nhd chum%. (7hart8for practical
use in sekcting propd.?-erdiametersand chart8for choo&ing
the optimum blade-angle8etting in the take-qf range are
given in an appndti.

INTRODUCTION

The reported investigation is paxt of a comprehensive
study of cowling-nacelle-propeller combinations (refer-
ences 1 and 2). The testswere conducted in the
N. A. C. A. 20-foot tunnel (reference 3) of full-size
commercird propellem over the full range of blade angles
up to 45° and over the full ringe of tunnel speeds up to

about 100 miles per hour. Recent rapid increase in
the speed of airplanes has produced a need for tests
extending to lmge values of the advance-diameter ratio
V/nD. To the lmowledge of the authora this is the
tirst time that the eifect of the cowling form on the
propeller has been systematically investigated and that
a series of fnll+cale propellers has been tested up to
45° blade amgle.

It has been mentioned elsewhere (reference 1) that

the qumtity P.=~V (where P is the power supplied

to the propeller shaft, i3 the disk mea, V the veloti@-,
and q the velocity head of the air stream) represents
the contraction of the propeller slipstream. It will be
referred to as the “unit disk loading” or “disk-loading
coefficient.”

The great convenience of using the quantity P. in
comparing the results of tests of various propellers is
realized. The ideal efficiency is directly a function of
Po. For a given horsepower and propeller size, Pc is
proportional to the inverse of the third power of the air
speed. For this reason the various diagrams me based
on 1/~. rather than on PC, the abscissa thus being

proportional to the air speed. The various efficiency=
have in several cases been plotted against this quantity.
For practied purposes of choosing propeller diameters
for given values of the other variables, it is perfectly
possible to include curves of constant V/nD and blade-
angle setting. All practical vahma may, however, be
obtained directly horn the contour charts given in the
appendix, which are based on the experimental results
of this investigation.

Equal values of P. actually correspond to similar
flow conditions through the propeller disk and around
the nacelle. A test to simulate a speed of 300 miles per
hour may thus be run at 100 miles per hour tunnel speed
with the value of P. adjusted to give the identical slip-
stream contraction. This value is obtained by reduc-
ing the thrust to 1/9or the power supplied to the shaft
to 1/27 of the actual valuea at 300 miles per hour. The
teat is thus actually conducted at a scale or Reynolds
Number of 1/3 of the full-male values. Experience
shows, however, that no particular Reynolds Number
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effect is expected in this range since the tests are con-
ducted far beyond the usual model range. On the
other hand, the reported tests were all conducted at
tip speeds far below sound velocity and the results may

FIGUREl.—Test modelwfth mea 18and pro@ler B mounted on the Mama frame
in the XHwt wfnd tunnel.

be considered free from any effects of the compress-
ibility of the air.

& will be evident from the test results, the propulsive
efficiency alone as defined in the usual manner is not a
dependable criterion of the efficiency of the propeller
tested in conjunction with Q nacelle but is quite de-
pendent on the particuhr nacelle or body used bebind
the propeller. This efficiency is therefore significant
only if the various propellers are tested on the identical
nacelle. For this reason a quantity termed the “net
efficiency,” which relates to the entire propeller-nacelle
unit, hns been used throughout this report. It is de-
iined as

RV
%1=~

where R is the net forward thrust of the entire unit x
measured on the thrust scale. This quantity is in
itself a perfectly arbitrary reference number, depend-

ing largely on the relative dimensions of the propeller
and the nacelle.

Since the same nacelle has been used throughout the
entire teat series, it is certain that the combination
giving the highest net eficiency under any specified
condition is superior to any other combination. The
net efficiency may be considered as containing the pro-
pulsive efficiency together with the e5ciency of the
coding-nacelle.

~GURE ~—ti@hl% (Ed h th fllVEV&OtfOI1.

DESCRIPTION OF TESTS

Figure 1 is a photograph of the installation in the
20-foot tunnel used for this investigation. Figure 2
shows the propellem used, the complete details of which
are shown in figure 3 and in the following table,

PROPELLERS

; H8mfltan-Standard 0101-O..–.__ --–-._ 3 1% CkmbOllatdu ____ ----—. --—. -..–––.-..-..-. -..––.-..-..
HamRtml.stamiard lclL—.-.---–— 8

Olar:;.
B,

10.04 Adjmta.ble__—_
HamfltOn-Standard 101-0 (nmdM6@-------- 8

Blada don same 8s A except nw hub . . . . . . .
10.04 –.–do ------- Blade

Navy Plan form hS@-9.-.–_.–---–—-- 8
;

titi%~~my~m~e~~t~d,w
Di

10.03 -_-do. --_.-— –.–—––.–.--L--. _... _.- . . . .._.-. Do.
Navy plan form -—-. -.--–. —–.-..-.-.. :

E Navy pkl form 3i’$0________________
10.cm __-do ________ &me aa O axcapt 2 bIadas_ . . . . . . . . . . . . . . . . .
9.04 _-_do --------- ----------------------------------------------- I R.#?&, 6.
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The drmving in figure 4 shows in detail the nw closed in the nacelle unit. The propellers were
celle unit with the particular noses and skirts used tested up to and including a blade angle of 45° at
in the propeller tests. Power to the propeiler was 0.75R and at tunnel speeds up to more than 100
furnished by a variable-speed electric motor en- miles per hour.



404 REPORT NO. 59&NATIONAL ADV180RY COMMITTEE FOR AERONAUTICS

TEST RESULTS
.,

Figures 5 to 22 show the results of the experimental
investigation of six commercial propellers tested in
conjunction with a total of six diflerent coding shapes.1
Each figure includes the variation with V/nD of the
conventional coefficients CT, Op, and the propulshe
efficiency q, all usually given at several blade-angle
settings. The coefficients c, and Op are defined as
follows:

where p is air density and ~ the propeller diameter.

iO~ti_bm h~P@~tie Wtimof Cr, CP, q,md
G for propalkrs B end O wfth nuse 6end for prq!dler B, with nasa 7em Pnsentd
fntsbles LII, end HL Itkofhti hm@tbttiemInmof G@ Cratlew
values of V/nD fer-tbe blede angles mmr 2)” end 25” et 0.76R do not fsfr wfth the
tiaIM fromtbeotherblade axrgkaswll esrrdght beeqwted. Tkwwdnm cbmk,
howemr, wfth values frem other tests of the same pre@em wfth dffkrent W
rat-up% fndfcatfng sn fnrlabflfty of flow for low vslnes of VhD fn thfs &on of
bLede-ar@ rMfnK.

The propulsive efficiency q is defined

~=Tv
T

where T=R+D, R be@ the reading on the thrust
scale under test conditions and D the drag for the
corresponding air speed of the nacelle unit measured
with the propeller off.

The net eiiiciency has been given in several cases,
The net efficiency is simply defined as

RV~n=—
P

and ia a sort of over-all efficiency of the engine-nacelle-
propeller unit. This eEciency is plotted against
the quantity l/~, where Pc is the propeller unit disk
loading.

The following table is a key-to the numbers of the
figur- in which are plotted the data of the various
combinations tested.

KEY TABLE TO FIGURE NUMBERS

Z;Wf‘~~~~~~~~~~f-r-j E“B’“r‘:‘:‘:Blade engle(deg.)2Al M 20 23 33 3340 43 L523?Ll 36 40 4s 16 m !M30 3s 404s M Z5W35 4s 10 2Q al 40

6... 6 . . . . . . .- --------- --- --- -– --- --- . . . ..- . . . --- . . . . . . . . . 30 . . 30 . . . . . .
8 --- 8 ------ --- --------- .– ..- --- ..- .– ..- 23 --- 23 .-. ..- .-. 31 . . . 31 . . . . . .

9 --- 9------ --------- -.. -_ --- --- --- 10 --- 10 ------ --- . . . . . . . . . -.. .-. . . . . . . --- -.. 24 ..- 24 . . . . . . . . . 32 . . . 32 . . . . . .
4 . . _.-:z.._. 1s ..- ..: 11 H 11 -- . . . . ------ _- --- --- --- --- –- 12 12 . . . . . . --------- --- --- --- 15 . . . 2.5 26 . . . 2s . . . . . 33 33

14 16 16 16 16 16 16 16-– ..- ..- --- --- ..- 17 17 17 lt 17 17 17 Is 18118 m 16 19 19 10 m M ..- 26 23 ‘m..- 34 . . .
7.-. -–..––-...- --------- m -.. m ------ mnm 21 n 21 --- .-. 22--- 22 ------ -.. --------- --- --- --- --- --- --- n 27 27 -.. . . . . . . 36 36 u . . . . . .

t&’telL________ ----- –- 23.- . . . –- --------- . . . --- --- -- --- --- 29 --- ------ -.. --------- --- --- --- --- ---
Net effisfenw enrel-

ODaallnawstwted- -------- 36 ----- --- --- ----– --- -– -. -.. --- --- 37 --- ------ --- --------- --- --- -.. -.. -..
------ --- --- -.. -.. -.. --- 39 -.. ------ --- --------- -.. --- -– -.. -..I I I I ‘1--l--l--+--l I I I I I I I I

% ~d”% new L-. ------ _

~m.
The original results are given in figures 5 to 22.

Figures 23 to 27 give the efficiency envelopes of each
of the propellers for five dii%ment noses. Figures 28
and 29 give a comparison of propellers B and C with
separate efficiency envelopes for each of the noses
tested. The drag for the various noses tested is given
in reference 1. The net eilkiencies axe given in
figures 30 to 35, and the particular results for pro-
pellers B and C in regard to net efficiencies are fur-
ther given in iigures 36 and 37. All the rcmdts
are strictly comparable in showing the effect of pro-
pellers and noses since the same skirt, the same con-

ductivity 2 of the engine, and, as a consequence, the
same quantity of cooling air were used in all the tests.
Figure 38 shows the net efficiency with no cooling air
as obtained with nose 19 and skirt 5.

fInordmb rewt the @rea of tmnsmfsfbflfty of the MIM, a qunntfty K,
dmfgnated “mndnctfvity,” hss IMU daflned h refarenm 1 as

K- Q

7-
FV @

Lr
Wheia

QkWdmeoftieti_g tion~tie W@w~nd.
F,tbaci-m m3tf0nofthe n8cefle ruaraferana3rm3s.
g, the vakity heal.
V, the wledty of the fdr ShWU1l.
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FIGUREXI.-Cmves of G, CF.,and q agdnst VhID for nme 7, proIMM B
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FlmJE3 !a—cnl—vmOf G, CP, and IIwnfr.ut WID for n~ 7, PM@OI 0.
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DISCUSSION OF RESULTS

It should be noticed that the propulsive efficiency in
- figure 5 iEgreater than 100 percent. The high value of

this efficiency is oaused by n certain peculiarity in the
charactwisties of nose 1, which has been pointed out
in an earlier report (reference 1). It was shown in
reference 1 that the drag of this particular nose de-
creased substantially with an increase in slipstream
velocity owing to the fad that the local angle of attack
~t the leading edge of the cowling was stic.iently
decreased to prevent a marked breakdo- that oeeurred
with the propeller off. This effect, which is quite
contrary to the expectations of the theory, renders the
practical use of the proptilve efficiency rather ques-
tionable. In other words, whenever some critical flow
conditions exist that may be favorably aftected by the
propeller slipstream, it is perfectly possible to obtain
efficiencies close to or in exeess of unity. High ef-
ficiencies reported from time to time may easily be
explained on this basis. There are, therefore, only two
rdternatiyes. One is to adopt a standardized covding-
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nacelle shape. Nose 7, described in reference 1, is.
particularly recommended for this purpose as being
unusually neutral to the local flow condition at the
nose. The other alternative is to avoid the use of the
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figure of merit relating to the entire covding-nacelle-
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propeller unit. The quantity detied as net efficiency
hris been used for this purpose. In the present report
both these characteristics have been given.

The propulsive efficiencies given in figures 26 and 27
for the most neutral cowlings 6 and 7 show that propeller
B= is defhitely superior to the others, exceeding the
least efficient propeller by 4 to 6 percent. I?igure 28
shows the results for propeller B in conjunction with
five different cowlings. It will be seen that cowling 6
is superior, exceeding cowling 3 by 1 percent and

cowling 7 by about 2 percent. Figure 29 gives the re-
sults of tests of propeller C with the five ditlerent noses.
In this case noses 3 and 2 exceed the others in efficiency
by about 5 percent. The highest of all e5ciencics
obtained is 91 percent for propeller B* with nom 7.3

zn a propeller k opwatfng at tIp spw& nmr the valodt y ofwand, thwe emloienalm
U-U ofmn-se, k aemewkat mdncalby cempr@hlMty 1- Tbo comprasdbUlty
l-may be mfnbnizuf by aelng thin pmpellar tfp sed[om at or mar tha ldml BIIEIO
of attack (% raforanm 4.) EarIfor mperinrents at the Laboralary (rafarenm 6)
ham shown timt mnnd vefmfty rnny b+ apprraohed wltbfn 10 prmnt with no bar
in etlidoncy.
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Siiarly, compming net efficiencies for the most 3 and 6 with 7 next. Since nose 3 gives poor cooling
complete cases, cowlings 6 and 7, as given in figures 34 at low air speed, it should not be considered on an oqud
and 35, respectively, it is again seen that propeller B= . basis. Similar results for propeller C me shown in figure
is superior over most of the range. Notice &o the 37. This propeller is again leas efficient than propellor
marked improvement in the net efficiency of propeller B. Notice in both figures the very inferior efficiency of
B= a8 coqpmed with that of its original form, B. l?ii- nose 1. l?igure 38 has been incIuded to show the cost
ure 36 for propeller B shows the superiority of noses of the cooling air as obtained by the standard skirt 2.

1ffi

Ram 3a.—Cm—mof net aflidonuy agafnat l?@. for Prqmllem B and O W ’25°at 0.7f@ on mm 19,skirt Gwithent cdfng &, and on mea ‘Lakfrt 2, wfth normal cmlfng air.

.90

.f38

:.86
t’
$.84
+

k .82
y

jj .80

$78
.

k

.76

“74mmTtmm—I b I I I I I I I I I I I I
04 .8 /!2 16 20 2.4 2.8 3.2 .36 4D 4.4

l/~

FIGURE29.-Curves of propnkka allideney agalmt i~~. for pro@kr B on nme 6.

mmwuz io.-c~ of pmprdska omdenoy adnst I?&. for propeller B= on nm 7.

.90

.88

:.86
u
.$.84
<Q
> .8Z
OJ
1
“~.80

j“’8

-76

.74

0 .4 .8 L? L6 2.0 2.4 2.8 .3.23.6 4.0 4.4
1/%

FmuaE 41.-Ourm of pmpnlsivo elltcfeney agalmt l?fi. for propeller O on nose 6

.90

.88

s
~.86
u

.:.84
LQ
k
u .8.2
al

“$80~.

Q
~.78
k

.76

.74

0 .4 .8 /.2 .L6 2.0 2.4 2.8 32 .36 40 44
VW

?rGm!. 4z-Cnrv= of Proprikfve eflideney agafmt 1??, for pmlwllor D on nom 0.



CHARAOTEFUSTICS OF SIX PROPELLERS

In figures 3!3to 42 the propulsive efficiency Thas been

plotted against ll~c for propellers B, B,, C, and D.
The envelopes for ench of the five propellers are shown
in figure 43. If the definition of P. is recalled, it may
be noted that with a fied horsepower and a fixed pro-
peller diameter the abscissa may be considered to repre-
sent the air speed. With Q 550-horsepower engine and
rL 10-foot propeller, the abscissa happens to give the
air speed in units of ahnost exactly 100 miles per hour.
Tlm propulsi~e efficiencies are compared at, say, 250
miles per hour. They are: Propeller B,, 90.9 percent;
B, 89.4 percent; the two-blade propeller D, 87.4 per-
cent; and propeller C, 84.9 percent, or a range of 6
percent. At lower speeds the difl’erencea are still of
concern although less marked. It is of interest to note
that the peak efficiencies of all propellem tested is
found at a blade angle of approximately 35°.

The chart (fig. 43) is of value in demonstrating the
fact that the present commonly used power plant of
660 horsepower in combination with a 10-foot propeller
could be used to best advant~me in the speed range
220 to 300 miles per hour. A 1,000-horsepower engine
used on the same size propeller could be used to great-
est advantage at about 26 percent higher speeds or in
the range of 270 to 370 miles per hour. In order to
make full use of a 1,000-horsepower engine at a speed

&.78

.76

.74

0 .4 .8 L2 .L6 2.0 24 .Z8 32 .36 4.0 44
1/%

FfOUFtE4&—Propolel@donoy envelope amdmt l?@c for PMrdka A, B, B.

O, and D.

of 200 miles per hour, an impracticably large propeller
diameter is required.

It also is of interest to note that the two-blade pro-
peller D, employing the same blades as the three-blade
propeller C, reaches a considerably greater peak effi-
ciency, If 55o horsepower are used with both pro-
pellers, it is seen that the propulsive efficiencies at the
speed of 250 miles per hour are, respectively, 87.4 and
S4,9. This is a consequence of the fact that the com-
monly used propeller sections are altogether too wide.
It was found that at the condition of peak efficiency of
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the propeller, the actual or effective angle of attack
amounts to only about 4° to 5°. It can be shown that
a narrower blade with a correspondingly higher effec-
tive angle would be aerod~amically more efficient
Vibration and flutter and other considerations, how-
ever, prevent the practical use of such a blade.

Propellers B, C, and D all are designed with a con-
stant blade angle for a setting of 12° at 0.75R. Pro-
peller B= has a constant blade angle horn 0.60R ouv
ward for a setting of 30° at 0.75R. (See fig. 3(a).)
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figine speed, r:p.m.
FIGUEX44-Powor and torqm oharaotaMf@ ofan acimd ongfnen.wd es an oxomplo.

In fact, propeller B= is identical to propeller B except
for this change in blade-angle distribution. The gain
of almost 2 percent in efficiency observed in figure 43
demonstrates the importance of employing a design
blade angle adjusted to the proper flight condition.
Notice also that this gain is not obtained at the qense
of decreased efficiency in the lower speed range. Pro-
peller B= happem to be superior to all the propellers
tested over the entire practical fight range.

The results of the tests of propellem B and C in con-
junction with sis different cowlings (figs. 36 and 37)
illustrate the importance of the effect of the cowling.
Considering the somewhat fictitious case of the top
speed attainable with the present nacelle alone, it is
observed in iigure 36 that the comparative top speeds
range from 267 miles per hour for nose 1 to 295 miles
per hour for nose 3. For propeller C (fig. 37) the com-
parative range is 262 miles to 28S miles. Although the
differences between the cowlings of reasonable desie~
are fairly small, the inferiority of a design resembling
nose 1 should be kept in mind, this nose being the cause
of a speed reductio~ of almost 10 percent. -

TAKE-OFF CHARACTERISTICS

The propeller characteristics at low air speeds may
be obtained from the basic test results given in &ures
5 to 22. In order to make full use of this information

.
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in calculating the take-off distance for a given set of
conditions, however, it is necwun-y to present the data
in a more direct manner. The optimum blade-angle
setting corresponding to the maximum available thrust
at any particular air speed is of particular interest.

The actual differences in the take-off characteristics
will be directly demonstrated by the use of a particular
example using engine characteristics as given in figure
44 corresponding to those actually obtained on 0660-
horsepower engine. The engine speeds chosen me:
2,OOOrevolutions per minute and 2,2oo revolutions per
minute, both with a 3:2 gear reduction ratio; and
1,800 revolutions per minute with direct drive.
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The resulting blade-angle settings rmd thrusts in
the takedl range obtained from charts in the appendix
are presented in figures 45, 46, and 47. It is noticed
in working through one of these examples that no pm-
ticular optimum setting is reached; the maximum

Permissible engine speed is the limiting” condition.
Notice that propeller C is very superior to B or Bx in
regard to take-off, particularly in the lowest speed
range.4 The thrust of the two-blade propeller D is
further seen to amount h a little more than two-thirds
of that of the corresponding three-blade propeller C.
Propeller B. ia noticed to be slightly inferior to propeller

i Thfe mm- is valfd when PK@lem of e mnetent dfemeter ere beku mm-
@, as would be the ms$ when the propdfer diameter fe tbe llmItfng dodgn fnotor.
Givem a frw eboice of diematemj the com~ must h mede with a vtew LOtho
Idgw wrkmmm% n-htbg en Indivfduef study of mob me.
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B at speeds 1- than about 100 miles per hour. ?Sfotice
the inferior thrust values of the 9-foot propeller E.
Absorbing the same horsepower, this propeller is rela-
tively overloaded and should not be directly compared.
The beneficial iniluence of increasing the propeller
speed may be observed by comparing the results from
the three @ure9.

The resuk are, of course, strictly true only for the
relative dimensions of the propeller and nacelle used in
these particular experiments, a larger propeller thus
calling for a larger nacelle, and vice versa. It is, ho-w-
ever, known that the propulsive efficiency will be af-
fected very little by this variation in relative dimen-
sions. The results may, therefore, be considered valid
also for the case of ~erent relative dimensions of the
propeller in regard to the nacelle.

As these propellera are fnirly representative of com-
monly used @pes, it is possible by some exercise of
judgment to obtain a fairly reasonable estimate of the
take-off characteristics also of any other propellers.

GENERAL CONCLUSIONS

1. Peak efficiency of the propellem tested occurs at
I-Lblade-angle setting of approximately 35°. The
difference in peak efficiency varies as much as 0 percent,
demonstrating the value of selecting a good design,
particularly in the high-speed range.

2, The peak propulsive eficiency of the conven-
tiomdly directional units of 9- to 12-foot propellers
on 500- to 1,000-horsepower engines has been found to
lie in the range of 200 to 35o miles per hour, showing
the beneficial influence of higher air speeds on the pro-
peller.

3. A two-blade propeller of the kind tested was
found to be superior in dhiency (in the high-speed
range) h a three-blade propeller using identical
blades, the pewk efficiency exceeding that of the three-
blnde propeller by about 2 percent.

4. A propoller equipped with a controllable hub
shows rm ahnost negligible decrease in efficiency as
compared with the identical propeller with a standard
hub. The diiTerence is of the order of % percent,
which is close to the limit of test accuracy.

6. in regard to the takedl characteristics, the
a maximum permissible revolution speed is in all cases

found to be the most favorable. The three-blade
propeller is superior to the two-blade propeller using
the same horsepower, which is to be expected.

LANGLEY MEMORTAL AERONAUTICAL LABORATORY,

NATIONQ ADVISORY Cormmmm FOR AERONAUTICS,
LANGLEY FIELD, VA., June 4,1936.

LIST OF SYMBOLS
.

v,
n,

RV~,=—,
P

T=R+D,
D,

C.=--&)
Qco=~,

Tvq=—,
P

Q,

Q
Q.=FDJ

h,
b,

2,
B,
P,

70)

velocity of air stream.
revolution per unit time of the

propeller.
diameter of propeller.
advance-diameter ratio of the pro-

peller.
power supplied to propeller shaft.
disk area of propeller.
velocity head of air stream, % PW.
unitdisk loading or disk-loading coeff-

icient.
air density.
net forward thrust of the entire unit

as measured on the thrust scale.

net efficiency.

thrust.

drag of the nacelle unit for the
corresponding air speed measured
with the propeller off.

thrustcoefficient.

power coefficient.

torque coefficient.

propulsive efficiency.

torque of propeller.

torque coefficient.

thickness of blade section of propeller.
width of bhd e section of propeller.
radius to any blade section of propeller.
radius of propeller.
propeller blade-angle setting at 0.75 R.
geometric pitch of propeller.

speed-power coefficient.

net propeller-nacelle efficiency with no
cooling air.
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APPENDIX

CHARTS FOR SELECTING PROPELLER DIAMETERS

The clmracteristica of a propeller are given as a
relation of three and only three variables; these vari-
ablea may be given as CT, OF, V/nD. For geometri-
cally similar propellers these quantitiw remain con-
stant. Any other three independent variables may
be selected, and the combination of Cl, V/nD, and q
is chosen because of certain advantages. Since only
three quantitk are involved, it is obvioudy possible
to give a complete representation of the characteristics
in a single contour chart. Inserting values of the
efficiency q against c. as ordinates and V/nD as
abscissas for various blade-@e settings, connecting
points of equal e5ciencies and points representing
given blade angles, gicw a coniour map containing all
reswlts. This type of chart is primarily useful in
selecting the diameter of a propeller. It is tacitIy
assumed that the type of propeller has already been
chosen and that charts are available. It is interesting
to observe that the contour lines map a smoothly
shaped peak; no crowding of the lines occurs. In the
selection of a propeller diameter this type of chart
makes it possible to judge the effect of changes by
obse~~ how the representative point moves with
respect to the efficiency peak.

Charts I give the results for the three-blade pro-
peller B, the modiiied version B=, C, and the two-blade
propeller D. The charts are applicable to controllable
propellers allowing for 112 percent decrease in eili-
ciency by a s@ht i.qcrease in the diameter.

PROCEDURE FOR THE USE OF CONTOUR CHARTS FOR SELECTJNG
PROPELLER DM~ERS

Given: Horsepower ~, revolutions per second n,
air speed V, and density P.

Calculate: .—

4c.=v O-&
(1) For a controllable-pitch propeller, select the

point of masimum efficiency at this value of C’,. (The
e%iciency envelope is shown by a curve on the chart.)
Read off angle setting and V/nD, the latter giving the
value of Z1.1

llxamples are shown on the particular charts.
(2) For a tied-pitch propeller the selection of the

blade-angle setting is a matter of compromise. It is
necessnry to choose a blade angle that shows peak
efficiency at a somewhat smaller value of c, than the
one calculated for the flight condition. The choice
depends on how much efficiency is to be mcriiiced at
the high-speed condition in order to improve the take-
off. It is therefore necessary to resort to the simuMan-
eous use of charts giving the takedf charact&stics.

I Notfcathat thebladeansle AtfrIs fn tbe * ~ h tie =tti at tie o-~
condition. The -b -ted am free from comprmlbflfty elkts end twist of
blad= due to alr lads and the efkt of tba centrlfogaf form. The bfade twfat am b
estlmatad and afImed for.
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CHARTS FOR THE TAKE-OFF CONDITION

In the determination of the diameter of a propeller,
consideration must be given also to the condition of
take-off. It is desirable to know the thrust in ordw to
calculate the take-off distance. For the controllable-
pitch propeller, the determination of the minimum
blade-angle setting is of interest. I?or the fixed-pitch
propeller, the settirg is a matter of balancing the per-
formance at high speed against that at take-off. It will
probably be necessuy to study two or three blade-angle
settings in order to arrive at a specillc result. Charts
for determining the take-off thrust, based on the results
of this investigation, are given in charts II as supple-
ments b charts I already described. These charts,
which have been developed along similar lines, show
cmtour curves of constsnt thrust and constant blnile-
angle setting against the coordinates V/nD and 111~=

T
—, the latter quantity representing a torque

v ‘Q
coefficient; the actual engine torque Q is, as usual,
considered to be a constant. Results are given in
charts ~.

PROCEDUREFOFtTHEUSEOFCHARTSONTAKEOFF
CHARACTERISTICS

(1) Controllable-pitch propeller.
Given: Engine torque Q, propeller diameter II,

revolutions per second n, and air speed V.
CaIcuIate l/@ and V/nD.
Read off horn the chart Or/GQ= TD/Q and the blnde

angle. For constant n the whole range of air speed is
given by a s~ht line through this point and the origin.
P1ot thrust and blade angle against air speed (as in fig,
45, etc.).

(2) I?ixed-pitch propeller
Calculate lj~ and V/nD.
lMake a choice of blade angle and rend horn the chart

thO related VdUOS Of cT/CQ ~d l/W~. PIOfi thTUSt
against air speed for this blade angle. If the resulting
take-off thrust is found to be inadequate, choose n lower
blade angle and repeat the procedure; or vice versa.
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TABLE I.—FAIRED VALUES FOR NOSE 6, PROPELLER B

Set W at 0.7ER SetW at0.75R Set W at 0.7FJR set w at 0.76R
V/nD

o

:!%
,16
.m
.26
.W1
.s4
.40
.46
.s0
,66
,60

%
.76
.111
.85
:UJl

l.al
1.65
L 10
1.16

::$
1.20
L 3a
L 40
1.4.3
LHJ
L 66
L 60
1.66
L 70
L 75
L 80
1.a5
L w

::

i:
215
zm
2.25
230
2.26
240
24.5

i%’
234

c. CrG

LllJ3J

.1150

.1101

. 16!$

.OJw

.06m

.aw

.0770

.Ms7’

.0iw2

.Cal

.0417

.03!M

.0223

.0124

.mle

CP

a W9
.0529
.062$
. W47
. Oma
. ($516
.Cw5

:%
; ~1

.K3b9

.am

.02w

.0201

.0131

.6247

c,

o
.@
.18
.n
.38
.45
.54

:%
.84

i~
L20
L36

:$
234

-—-
.-—
-----
-— ---
-—-.-
.. -—-
. . ..-.
-..---
.----
..----
--—-
-----
------
—----
—---
------
.. ----
. . . . . .
------
-----
------
------
——-
-- —-.
----
—.
------
.— --
-----
------
——-.
-—-.
——-.
------
-—-.
--—--

Cr

a 1322
. 12W
.1=
.1272
.lzm
.1231
. Em
.1189
. Il!m
. 10s3
Sa&J

. a327
. 074s
.m@
.Oms
.6172

:%K
.0182

–:%%
.. ——--
--------
-— ---.,
.- .-—-
.. -—-
.--—.
. . ------
--.-—.
--------
.-------
-------
--------
-------
--------
--------
----—
-— ---
------
.-------
.--.--—
.--— —
.- ——-
—--—.
—--—.
.—--—
.. ..— —
--. —--
.. -—.-
--.—-
------

CP C. CT CP

0.Ma3
.1622
. M1O
.1*
.147.4
.1461
.1426
.lsw
.m
.1328
. 122.s
.l!zia
. 11S7
. llm
. 1cR2
.1026
.OmI
. @alo
. m47
.on5
.W
.m

:%
. @76
.0145
. a)16

--_--.-
-.--_--
——----
--------
—..-—-
—----
----..-
---.—-
-.__-
—------
—-----
—------
.--- —-
-------
-. --—--
-. —----
—------
—-----
.---—-
---_-
---—-
-- ——--
-- ——..
——-—-
—.-----

7 CP c.

0
. m
.217
.314

:%
.648
.610
.6ss
. 7L5
. 7M
.7M
.800
.Wo
.777
.710
.272

a ;&o

. Km

.W48

.Cm7

. U?.51

. U31’1

.0782

.0760

. 07u

.0719

. WI

.0M7

. WA6

.6!.s7

.6510

.M46

.@76

.I13m

.6X6

.Olm

.mm
--------
-------.
--------
.— ---
—------
--------
-------
------
--------
-.—----
———--
—------
-------.
--------
--------
.-..----
-..--.--
--------
——----
--------
--.---- -
--------
.—-—-
———-
——----
—------
—-----
-.--—-
. . .. —-
-. --—-.

0. L529
.1402
.1477
. 14s9
.1442
.1427
. 14U
. 126s
. 16s0
.W
.lw
. ml
.M72
. lm2
.1126
. 16!4
.cwo
. Wo
.Om
.W
.0s46
.06m
.Om
.0m7
.0161

–: %%!
-------

0

%J
.230
.%s2
.446
.523
.&m
.840
.534
.722
. 7h5
.7%5
.810
.mo
.848
. a52
.848
.865
.640

0
.as
.16
.24

:E

:Ps
.87
.76
.U

iZ
L12
L24
L%
L 49
L64
L 81
‘2.W

:%
—— --
------
—----
------
—----
------
------
------
-——
-----
-----
-- —.-
.-—--
—----
..----
-----

n 0

:!i
.22
.29
.37
.44
. 6S
.&a
.69
.76
.84
.92

L 01
Lw
Ll$

ii!
?:

L 71
L84

:%
%48
z 91
282

------
.. —-.
-----
—----
------
—. -..
.-----
.-----
..-. —
——
-- —-.
---—.
---—.
-—---
------
-.--—
—--—
.- —.-
——-
——
-——
—-. —
-—-.
------
--—--
—,---

alb’x
.1682
. MM
. ma
.163.5
.1519
. 1E02
.1487
.1470
.1454
.1440
.1422
. Mm
.1391
.1277
.1367
. IS-26
.1276
.m7
. 1X36
. 16?4
.Qm
.Wa
. cwlo
. Om
.02s4
.M27

:%%
.6a2s
.0124
.m

~g;

:%!
.1932
.1659
. 1E33
. ram
. lssl

:E
.1764
.1761
. ml
. ma
.1843
. lEW
. 1s37
. 14s.9
. 14m
. 1s24
.1256
.1171
. Km
.Qwl
.aml
. 07w
.M50
. 0=514
.am
. ml
.ma

o
ala
.077
.116
.156
. 1Q4
.223
.27a
.312
.263
.395
.42a
.42J3
.525
. ma
elm
.6M
.706
.740
.770
.&xl
.823
.841
. 8s9

:E’
. SW
.W3
A9J

.8M

.287
——-
-——

0

:!i
:Z
.35

:=
.E4
.83
.70
.78
.%
.92

LUD

i:
L 24
L S2
L 41
LEtI
1.m

M

k%’
217
%23

2:
3.18
4.07

.-—-.
-—-.
,. -_. .
--—-
.. -—.
—----
.——-.
.—----
-—-.
.—.
.— --
,——.
,. -—.
,——.
--—.
——.
—--
-—.
.-—— -

.049

.023

.148
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.X8

.!2%3

.350

.41M

:%
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.844
.6W
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.762
. m
.812
.E37
.846
.8s3
.674
. S76
.871
.62s
.745
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TABLE I.—FAIRED VALUES FOR NOSE 6, PROPELLER -B-Continued

I setw at0.76R
I

Set @at 0.76R
I

ICTICPITIC,lC’TICPI 71C.I

o
.I15
.10
.15

:$
.30

:Yl

:E
.6.s
.60
.63

:%’
.E3
.Es

:E
1. NJ
LIM
L 10

:2
L 26
1. .m
L35

:$’
L60

i%
L65
L 70
L76
L&l

i%

M
205
210
115
Lm
223

H
240
246
Zm

i%

: ;e-&

.1617

. MM

. K@

. 16s3

.1570

.1667

.lw

.Ifao

.1617

. la

. 14EQ

.1476
.1462
.1445
.1427
. 14cn
.1375
.1346
.1317
. Em
. ~9~

.m
.1140
. IU37

: E3

:%%
.005s
. 0s70
.0178
.0383
.0233
. 01Q5
. Ohm
.0x17

u mQ5
:XO&

:%$
.2336
. Z511
.2467
.2432

:%!
.mm
.222s
.2245
.22n3
.2166
.2121
.mm

:E
.1940
.1895
.1841
.1777
. Im
. mu
.L523
.1440
.1340
. 12!0
.1117
.Wm

%$%J!

A&l

.Mn8

o
.031
.ma
.023
.124
.156
. lF$
. ZZ1

:Z
.323
A&

.427

:%
.&m
.675
.610
.615
.078
.715
. 7JYI

:2
.m
.842
.855

:%J

.893

:%
.876
.s/’3
. 71m
. 1F43

o
.07
.13
.m
.!m
.33
.40
.46

%

:fi
.81
.8s

iti
L 09
L 17
1.24
1.31
L36
L 47
L 64

:%
1.w
1.m
L 96

M
232
240

2%
3. (n
3.33
3.80
4.s3

.—-—-—.—-——-—------- ——.
-— ———-.- —- —---———
-——-— ——- —?----- -——-—
--—.--———-—-. -—. — ---—~
——-. -— --- -——-- --———.
-——--- -—--_.- ~_— —_._—
—-—- -—~- —___ -—_--

a p;

. lem

. lm

.1623

. 10M

.1618

.1613

. lem

. leu)

.1693

. 15?5

.1677

.1656

:%
.1627
.1610
.1492
.1470
.1446
.1418
.13’32
.1322
.1365
.1340
. 13X
. Mm
. lm7
.1215
.1167
. IQM
. lam
. Q240
.aw
.0770
.Ws

:IE&l
.0110
. mm
.0230
.0147

–:%%

am’1
.3291
.m
.3223
.3197
.3104
.3132
.3103
.3W7

:%J

.m.z7

.mm

:%
.2?70
.2no
.28s3
.m34

:Rx
. 24WI
.2466
. 21%
. 240)
.2360
. =10

:%
. 21m
. mlo
.1910
. 17W
. M70
.1640
.1403
.12$0
. lam
.0315
.0746
.0576

:$%?
.m .

0
.Cm
.Ixa
.076
-102
.123
. 16s
.182
. !210
.233
.ma
.%
.322
.2-52
.381
.412
.41
.470

:!$!
.m
.6E?J
.615
.643
.670
.em
.m
. 76a
.796

{g

:2
.873
.876
. w

:#

.8W

.810

.T71

.EA30
.—— I

0

:]

.23

:3
.51
.57
.64

:E

%
.97

1. m
1.10
L 17
L 2s
L 31
1.23
1.46
L 62
1.69
1.66
L 74
1.81
L&3

kg
213

R
242
264
2.93
2.81

?E
3.24
3.63
&m
4.61
6.70

———- —-.— -—--.—---_-—- __-— -——- -—— -—_--
——— -—.---.- -———-—_— ___ —- -——— —---— —.---
—.-—- -—.--—---——- —_— _. --— _— ——.-. ——._—
—- -———-—-————-—— -———-———- -——-— —-—-—
——--- -—-_-- —----- -_---._- -__— ---- ______ -.-._-
—— —— —-.—-- -—------- —— -——- ———--- -—.—----
—-.—-- —---_—-——- -___— ------ .———.—-.—..--—.——-—
—-. ———---—.-—.——.- —-.——--—.-.--———.-.— -—------- -..—-—-

Cr
— .

~ ;67;

. 16s6

.169

.1692

. MM

. Mm

.1002

. lea

. Lw3

.1607

. lm

. W411

:&%
. L577
.1033
. 15Y3
. 1s3’3
.1522
. 1W7
.1490
.1475
. 14W
.1443
.1423
.1412
. 13%3
. 13?5
.1371
. 13e0
.1348

:%!
. 12U3
.1270
. mm
.1160
. 1M!5
. lalo
.W50
. mm

:%?
. m32
.@5m
. Oml
.mm
.0305
.0223
. Olta

-: %!

Set4P at0.76R

CP

0.3s6=3
.ma
.3817

:%%
.3742
.3717
.Wz3
.W67
.3$40

..3614
.Lm96
.2557
.3627
. 34W
A&&

. 34(M3

:%!
.3277
; :2&

.3136

. 3W3

.3052

.3016

.XrW

:%%!
.2925
.2004

:%
.ZaEi
. 27W
.mm

:%
.!US
.zm
.XsO
. mm
.1760
.Wso
. l’lm
.1230
. low
.m
.m%
.W
. mm
.0140 --

0
.021
.042
.M3

;%J

.162

.176

.169

.!222

.X6

.270

.m4

.318

.341

.W15

.=

.411

. 43s

. 4ea

.484

.610

.636

.&xl

.686

.610

. em

.M6

.676

.6W
:%

.767

.7W

.805

.816

.82$

:%
.8M
.863
.874
.877
.8s0
.8$2

:E
.842
.812
.742
.668

------- I

c,

o
.09
.12
.18
.21
.30
.37
.43
.49

j

.74

.Ezl

;%

;::
1.19
1.25
L32
1.3?
1,46
1.62
1.69
1.66
L 72

i: E
1.02

i~
212
zm
227
231
2.42
261
2.e4
2.70
2.&a

?%
3.18
3.24

;%’
3.91
4.18
:.g

6:10
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TABLE 11.—FAIRED VALUES FOR NOSE 7, PROPELLER Bx

set w at 0.76R set w at 0.75R
VJnD _

CT

set W at 0.751Z

c%c+G 9
——

c% I c+c. cl

0
.07
.14
.n
.23
.36
.43
.&l

%
.72

:%-

i~
L 11
L 19
1.2?3
L37
L40
Lb5
L04
L 74
L&5

;E
225
242
Lea

:!

0,1167
.1131
. lam
. loi3
.Owo
.0931
.&?m
,0797
.0720
. 0+340
.05M
,0407

;%

–: E

o
.05
.10
. M
.233
.25
.31
.35

;;

:%
.85
.70
.76
.80
.s6
.!33
.05
L cm
1.05
1.10
L M

;:%
1.a
1.35
1.40
L 46

M
L m
1.IM
L 70
L 76
L al
1.86
1.W

;$
2. m
z 10
2 M
2m

:$
235
240
245
2FAI
2.55

0.04s3 o
.04a .117
.0485 .224
.0485 :g
W&

.487
.0463 .Ma
. am2 .617
.WJ3 ;g
.0405
. ai76 .740
.W . 71B3
.0m2 .775
.0240 .761
. Olw .705
.0126
.0021 . . ...?.

o
.09
.18
.27
.37
.46
.W
.05
.76
.85

ig
L!31
L37
1. ‘M

%’
--------
--------
.. -. ..-.
--------
--------

0.1240
.1259
.1275
.L2@
. 1E3
.1304
.1307
. lm.5
. lW
.E85
.1259
.I!221
,1170
.lla?
. 10XI
Al#

. 07Q5

.0710

:%
.0423
.OBo
.m25
. 0M3
.M05

--------
--------
--------
--------
--------
.---...-
. -------
--------
--------
--------
------- .
------- -
. ------ .
--------
--------
--------
----.---
--------
--------
--------
--------
--------
. -------
--------
--------
------- .

0.13ss
.1376
. 130U
.1340
.1322
.l!m
.1270
.124Q
.MM
. lLM
, him
.1060
. mm

:%%
.0021

:%

:K!?
.052A
.0425
.03m
. Olw
.W

------- .
. -------
-------.
--------

0
.oi6
.Gw
.144
. 13+3
.251
.W
.3e11
.433
.531
.572
..534
.an
.722
.752
.777
.7’00
.819
. S40

%
.805
.s’54
.8W
.727
.0’33

0
.07
.15
.22

:3
.45
.E3
.61

:2
.86

i 1%
L12

M
L40
L 61
L02
L 76

k%
2.23
204
3.42

0.lwl I o. Em o
.Om

:E
.159
.!2W
.242
.2%4
.S23
.259
.42
.457
.mo

:E
.079
.723
.770

:%
.&o
.W2

%
.859
X&

.Swl

.876

.797

.Um

.Mm

.1278

.1372

.1370

.1305

.13.w

. lWI

.1340

. lWJI

.1315

. NQ5

.1205

.l!m

.1277

.1 X43

.1222

.1170

. llau

.1040

.a$m

.W79

.0797

.0713

.O@o

.Wo

.0447

.m48

.(rml

.0103

–: E

.Mr2

.1778

.1751

.1723

.1735

.1631

.1853

. lms

. lom

.1596

.1670

.1535

.1427

.1440

. 13W

.1343

.Ima

.1240

. US7

.1130

. mm

. 10M

:%%
. 07al
.(W5

:E
.0273
. Olm
. 13M8

.........

.........

.........

.........

.. ..-----

.........

.........

........-

........-

.........

........-

.........
---------
.........
.........
........-
.........
..... ....
.........
.........
.........
.........
........-
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.........
........-
.........
.... .....
.........
---------
.........
.........
.. -----..
.........
-------..

........- ---------

......... ---------
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--------- .........
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--------- ---------
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--------- .........
--------- .........
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......... .. -------
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.......-. ........-
.......-. .... ....-
--------- ---------
........- ..... ...-
........- ........-
--------- .--------
......... .........
......... ---------
........- .........
......... .........
........- ---------
-------.. .........
......... ---------
---------. ........-
,--------------- ---
... ....- - .........
.-...-. ..-. ........
........- ...... ...

--------
.-.....-
--------

--------- ---------
---...--- ----------
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--------- ----------
--------- .........
--------- .........
--------- ---------
-------.- ---------
--------- -------..
--------- -------.-.
--------- ---------
......... ---------
......... ---..----
--------- ---------
--------- .........
--------- --..--.--
.----..-- ---------
--------- .........
--------- ---------
.......... ----....-
--------- --------.
--------- ---------
--------- ---------
--------- ---------
----.---- --..-----
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436

V/nLl

0
.0.5
.10
.15
.20
.26
.30

%
.45
.ra
..55
.Im
.63
.io
.76
.Ea
.86
.90

1%
L06
L 10
L 15
Lm
L25

R
1.40
L46
Lfd
LS6
L@l
LL15
L70
L 75

:$
LW

M
205
210
$;

Z26
2KI
233
240
246
2M
266

REPORT No. 594-NATIONAL ADVISORY COMMI’ITEE FOR AERONAUTICS

TABLE 11.-FAlRED VALUES FOR NOSE 7, PROPELLER Bx—Continued

CT

: M&

. Km

. 1.4’%3

. 14m

.1470

. 140U

. H

.1423

. MO

.1397

. 1%2

.1243

. 18!8

. 1s33

.1326

.1326

. lWI

.1326

.1315

.12Q3

.nm

. ml

. U1O

.1033

x%
.0736
.Mm
. Wlo
.05m
:%

:$%
.W140

--------
...__
------
--------
..-.----

--------
.- ._. -
--------
--------

set 3P at 0.76R set w’ at 0.76R

CP

: y&

.2410

. ?231

.2361

.2292

:%%
.2202
.2170
.2140
. 210s
.2374

:%!
.1972
.1944
. lWZI
.EW7
.1865
. Mm
.lmo
.1740
.1070
. mm
.1626
.1443
.13eJ3
.12J32
. U47
.1023
.aW1
.0746
.Wxl
. 04m
.0231
. on

~

o
. an
.062

:%

.194

.%27

.!MU

.295

.Wa

:RJ

.470

.m

.%

.@)

.079

.7M

.764

.791

.813

.s33

.846

:%!
.872
. ml

:E
.918
.915

:E
.W

c.

o
.07
.13
.-m
.27
.34
.41
.47
.64
.61

:%
.s2
.80
.97

L04
L 11

Ml
L23
L 41
L48
L&2

?2
L82

M
212
2X
22a
261
2&9

2%
&60
423

--------
-------
..—----
... -—-
--------

--------
—------
------.-
.—._. -
-------

..—-—-
--------
.---—..
.-.-----
.--—---

.-.-----,

........

.—-----

.-—----
--------
--------

..-.---.,
--------

c%

0.1492
14’a3

.1484

. 14SQ

.1478

.1470

.1453

. 14s7
.1451
.1448
.1436
.1429
. lm
. MO
.103
.W
.m
. 1s”ss
.1368

:%
.1326
.lml
. IF34
.Ea6
.1830
.1310
.lmo
.1213
.1160
. I@s
. 10L9
.6%0
.aM4
-m
.0m3
.WEm
.m

%
.026u
. Olm

–:%
---------
-------
-. -—----
---------
-------- .
---------
. . . . . . . . .
------- . .

c.-

CL=

.28m

:%#

.2734

:%
.2626
. 25%3

:2%!
.2&m
.2472

:x
.m
.22-M

:%
.Zm

:Z
.2216
.2153
.2106
.m44
.1976
. KQ3
.IE=O
.1730
. mm
. lIYW
.1207
.I!zz5
. lwal

%%
.Om
. 04e5
.02io
.W

.-..---.,

.-..-—.,

0
.025
. &sl
.078
.103
.Kz3
.161
.189
.217
.248
Zg

.W

.867

.3%7

.427

.460

.486

.4512

:%
. em
.ew
.671
. no
.760

:8~
.E30
.8Z4
.867
.W3
.870
.m

:%!
.911
.Eu3

:R
ALJ

.@n
--------
,--------
,--------
--------
--------
--------
,. -—----
--------
—. -----

.-------
--------

c%

0.1468
.1400
. 14m
. 146s
. 148s
.1470
.1470
.1470
.1470
.1470
.1470
.1470
. 14e3
.1404
. lm
.1466
.144$
.1440
.1429
.1415
.1401

:%$
.1868
.1860
.1348
.1840
.1843
.1349
. law
.1356
. lam
. 18s2
.1324

:%
.1167
. llW
. lam
.OW
.a370
.07W
.0718
.Qm2
.0634
.0470
.r.zm
.0310
.0231
. Olm
. @wo

-.0010

m 4P at 0.76R

c?

o. 349U
.84W
.3455

:%%
.8420
.2406
.3%35
. S370

:E!21
%3
.3255
;3JZJ

.3148

.3110

.3076

:%%
.!W6
.2060

:%%
.2W1

:%

.!2370

:=

.2723

:%
. ‘N96
.241M

gg

.W3

.17’03

.1636

.1880

:E
.awo
.0E#5
.W03

:@

0
. cm
.042
.004
.C@4
.107
.lm
.162
.176
.197
.221

:%
.2%2
.318
.343
.3!?.s
.394
; ~~

.466

.487

.610

%
.678

%J

.5$5

. n7

.747

.777

. sol

. ml

.W

.812

.&d8

.868

.em

.s46

.874

.t@l

.mo

.hm

:!%
.FM
.707

:%

c?,

o
.C4
.12
.19
.26
.31
.37
,44
.E41
.&l
.@
.60
.76
.81
:SJ

L 01
1.07
1.14
1.21
L 29
1.24
1.40
1.47
L63
1.60

2$
1.80
L87

M
207
214
222
2@l
239
2.46

M!
$476
287

?:
3.27

k:
3.K7
4.09
4.46
6.06
0.48



CHARACTERISTICS OF SIX PROPELLER9 INCLUDING THE HIGH%PEED RANGE

TABLE 111.-FAIRED VALUES FOR NOSE 6, PROPELLER C

437

17/nD

o
,06
.10
,16
,20
.25
.$0
,26
,40
. 4G
.5J
..%5
,G2
.0-6
.70
, 7b
.@l
.s6
,E91

1%
L 65
1,10
L 15
L m
L 25
1.w
1.36
1,40
1.46
L K1

::;
L 66
L 70
1.76
1.m
1..%s
L m
1,96
2W
2a5
210
2 lb
2al
22.6
236
236
z 40
245
2ra
266
2G2
2Ed

w I@ at 0.76R SOtwato. m Set 25” at 0.76R Wt w at 0.76R

Cr

0. 122.?
. 1’M
. I!D4
,1166
.1101
. lm
.Qms

:%!%
.0762
. M74
.05s7
. WLM
.Cmll
.02B
. OKU

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

CP

o.06s4
.0.5s2
.0678
.0572
.0604
.05M
.a543
.O.wl
.0614
.0462
.0461
.0419
.ano
.0314
.02s2
.0182
.0103
.6026

G

o
.Ixl
.18
.27
.28
.46
.64
..53
.72
.S2

1:n
1. M
La
L46
L67

M
.- . ..-
------
. . . . . .
. . ..-.
------
------
. -----
------
------
. -----
. -----
. -----
.- ..-.
. -----
------
------
-’. . . . .
-. . ..-
..--.-
-. . ..-
.. ----
-. . ..-
-. . ..-
-. . ..-
. . . ..-
-. . ..-
. . . . . .
-. ..-.
------
-. ..-.
------
------
-----
------
. -----
-. -.. .

c+ CP

am
. 0s67
.@&s
.UM7
.mm
.U34$
.m40
. anl
. U319
.W4
.07w

.%’%

. owl

.M42

.06Ea

.asm

.04b5

:=

:%%
--------
--------
--------
..-.----
.--.----
--------
--------
.-------
..------
.. -.--—
--------
--------
--------
--------
. . . . . . . .
------- .
--------
--------
--------
--------
--------
--------
--------

c, CT CP G

o
.07
.14
.!a
.X!
.37

:Z
.66
.6s
.76
.84
.91

i%
L 16
L26
L34
L 45

kg
L 70

:2
2m
264
2.16

-------
------
-------
-------
------
-------
-------
-. . ..-.
-------
-------
. . . . . .
-------
-. . ..-
-. . . . .
-. . . . .
--- ...,
------
------
-. .-. .
-. .-. .
-. . ..-
------
-. -.. .
-.----
------
-------
.------

CT

0
. 171M
. lm
. lm
. le82
. 164s
. lW
. 16%4
.1610
. 16s9
. 16s3
.1678
.1670
. JM2
. lb54
.1.532
. 14E4
. H@
.1233
. lml
.1117
.11131
.0948
.a?m

:1%
.0.577
. Oin
.OW

:KH

-: E7

CP c,v

o
.110
.212
.202
.291
.407
.626
.b93
.643
.&$
.722
.770

:g

.766

.W4
--------
. .. -----
. . . . . . . .
-. . . . . . .

Cl lb14
.1492
.1466
.1423
. Kf37
. 135?2
. lW
.1262
.Ilm
. llm
. Iw
.mW
.0m6
. IM8
.0729
.W
.0342
.6447
.m60
.02&4
. Olm
.mn

o
.U3
.16
.25
.33
.41
.49
.h9
.66
.76
.s3

i%
1.11
1.21
L 32
1.44
L&3
L72

M
2@

-. . ..-
------
. -----
-. . ..-
. . . . . .
. . . . . .
------
. . . . . .
. . . . . .
. . . . . .
------
------
------
------
------
------
. . . . . .
------

0.1742
. lam
.1610
. MM
.1525
.1402
.1414
.1273
. 122s
.1307
. 12s2
. 125s
.1220
.1194
.1166
.1110
. lm
. Km
.@340
.W563
. 078s
.B93

:E
.aM4
. a240
.0118

0
.ml
.1173
.2144
.2114
.m
.20tu
. !ax7
. 1W2
.1947
.1910
.1974
.1840
.IEW
.1761
. 17U3
.1649
. lbw
.1623
.1461
. 13a7
.m
.12b2
.1176
. 1C6Q
. lm
. as]
.0762
. fM12
. 64m
:%

.Wo

o
.CG9
.078
.117
.167
. lES
.2!0
.m
.223
.370
.414
.4M
. 6KZ
.E@3
.617
.0i3
.706

:%!
.781
.m
.815
.m
.844
.848

R
.$246
.83.5
.818

:%

o
.07
.14
.20
.27
.24
.41
.48
.s6

:$
.77
.84
.92

1:E
L 15
L 23
L 81
L%
L48
L 67

k:
L87

M
2B
24.5
267

:E
4.s3
.. ----,
-------
... ----
------
------
. . ..-.
. . ..-.
. .. ----
. . ..-.
. ..-—
------
. . . ..-
..-. —
-----
-----
-----
-----
------
. . . . . .
------
.— .-.

... .....

..-. -.. .

........

......-.........
........
........
........
........

........
... -----
.-......
.-------
.--.....

. .......
-.......
-....-.,

....... .

........

........

........
--------.
........

..------
--------
.........

--------
--------

--------
.......-
--------

--------........ ...-----
--------
--------

........
--------

--------
........
..... ...

........

........

......-.

.... ----

....... .
--------
........

--------
...-*..-------

...-----

...-.---
. .......
--------
--------
--..----
--------
------- -
---.----

--------
-. ....-.
........
--------

-------- .-.---.-
..-....-
--------
--------

--------
..-....-
........
.-------

--------
--------
........

.......-
--------
.......-

..-....-

.---.-.-
--------

.--—.-.,
.......
.......

---..---
.......-
--------
--------

........
--------
... -----
--------
--------
.-.-. .
-.---.-,
--------,
.......

-------.
--------........

--------
........
...-----
........
. .. .....

........

. .. .....

........
--------
--.-----
--------
.-------
---------
-.-.-.-

..-....-
--------

------
------
------
-----.
------
------

--------
--------
.-------
--------

.-------

...-----
--------

.... ....

........

.... ----
--------
--------
--------

--------
..------
..------

.-....-.

......-.

..------
........
--------
--------
--------

........
--------
--------
--------
.-......
...-----
........

--------
.......
.......
.......
..-----..
.......
.......
.......

.......

.......

.......
......
......
......
......
.-----
------

........
,--------
,--------

........
-. ......
.-......

--------
........
.... ----

--------
--------
--------

-------
--------
--------

..------

..------

.-.-----
.-. -.—.
..--. —.
.-. -.—.

--------
-------.

.—.----

..-. ..—--------

.



REPORT NO. 69eNAT10NAL ADVISORy COMMITTEE FOR AERONAU~CS

TABLE HI.-FAIRED VALUES FOR NOSE 6, PROPELLER C-Contiiued

V/nD

n
.m
.10
.15

:Z
.30
.36

:%
.m
.66

:E
.70
.75
.W
.%5
.’XI
.9.5

H%
L 10
L 15
LZI
L%
LW
L36
L40
L 45

M
LbiI
L05
L70
L 76
LEO
1.%
L93

M
20.5
210
215
Znl
226
230
233
240
245

M

R

I setw at0.75R
I

M @ 8t 0.75R
I

W 4b0at0.75R

c+ I CP Idddddc
o
. Hill
.1757
. lm
.1702
. Mm
. 10.W
. lm
.1618
. lm
. 15s2
. 16!39
.1553
.163
.1627
.1517
:%

.14$

.1471

.1442

.1393

.1240

.127’0

. lno

. 1X31

. MM

:%%
.078s
.Oica
. 0s11
.0621
.0430
. a340
.0213
.0146.

–: E

o
.272s
.Z&m
.n305
.Mal

:%%
.2610
.2407
.2422
.Z3n
.23XI
.Z$3
.2346

:=
. 2W0
.2154
.2110

:%%
.l!m?
. Ells
.Ia5!3
. 17?35
.1723
. le44
.L5xl
.1.453
.1345

:E

%%

:%

:%%
. Cu31 .–

0
.033
.035

:!%
.102
.185
:E
.Xr7
.235

:Z

.%5

. KM

:%

:%
.715
.742
.770
.791
.810
.S21
.823
.s37
.842
. 84,S
.am
.853
.M8
.842
.E35
.m
.715
.444

—....- 1

0
.03
.lz

:%’
:3
.40
.63
..sa
.07
.7’4
.81
.8s
.95

L02

M
L23

R
L45
Lf3
L 61
L&l
L78

i%
206
217
2s
241
254
271

:E
X49
406
&m

——------ -.—.-—---.-—...- ——------
. ........ —-------- -—------ .—-------
--------- ——-----. ..--.----- ... -.--—-
—-—.--——------.. ---------- -—-..—-.
—..-..... --.—-..-- ---------- —------
-—-—-... --..-._-- ---------- ----------
-.-------- -—------- .......... -—.------

0
.1722
.1720
.1723
.1737
.1739
.1739
. lm
.1727
. lm
. lm
.1723
. lno
.1699
. 16s4
. Mm
. Ml
.1619
. M&3
.1578
. lW
.1645
. lml
.l’5m
.1511
.1497
.1472
.1427
.1372
.1310
.1240
.1160
.1078

:$%
. a310
.07m

:M’
.0450
.m
.0m6
.0175

–:%%
–. Olm

o 0
.2324 .Oml
.33al .C62
.3318 :%!:E .132

. IWJ
:% .187
.iBi8 .215
. 31W .X4
.3170 .272
.312$ .?02
.3101 .330
.Zwa .&m

%% :Z
.2345 .445

.477
:%%
.2769 :%
.2766 .ms
.2712 .6W
.26’72 . E31
.2333 .e55
.2505 .EG9
.25$0 .m
.2619 .761
.2470
. 24Q3 :%’
.2240 . Sll

.822
.2170
.2035 :=
. lQU .mo
.1826 .Esa
. Iwo .m
.1540 .840
. lW .841

.m
:% .&El
.m .Sm

. 7f4
:IE .075
.0285
.0193 . --:!! !..
. Wlo ---------

0
.M

:E
::
.39
.44

:8
.53
.@
.76

:%

ig
L02
L 16
L=

::

:2
L 67
L04
L 71
L79
La

%
210
219
223
239
249
202
275
290
3.06
3.24
3.48
3.76
4.16
4%
ELM

—--------.-. .-. —.-—--------—- ..... --..--—------------ --------——--------
—.-—..-. -.—.-.—.-—-----.-—------- ---------- ---------- ---------- ——....-.
---—-..-- --—---—---------- -—------- ---------- .......... ..-. —---------.—-.
-.. ...-. —.-—.-—--—.-. ..... .......... —----------—-.----——----------------
.......... .-. —.——---------- --—.-.-.. --.--.---- ---------- ---------- ..........
--——.-. . --------——------- —-----------—------.-----—. .......... ..........
——----- —-----—-.—------ ---------- -.—.-.... .........- .————--------- -
.-. —--—-—.—-— —....... -—------- -—--.-.—-—--—.—---------- ----------

CT c.- l-l–n c,
. —

o
.1633
.1070
.1077
. 16%3
. Iew
.1693
.16$7
. lm
. lm
. 171M
. lm
.1704
.1703
. 17W
.1094
. lm7
-1078
. W8e
.1050
. lml
. lWl
. 16s6
. 15ES
.1642
.1522
. lrm
. 14W
.1476
.1470
. 14!3s
.1400
.1445
.1413
.1370
.1318
.1266
.1191
. H26
. lob9
.CK@3
. CrJlo
.WJ3
.0740
.03?3

:%%
.0412
.aBo
.0242
. Oletl

–: Eo
–. m

o 0
.ss7 . W

:%! :%
.2WI .m

. lW
:% .131
.2&57 .164
.2340 .177
.m24 .2W
;~ .224

.247
.3767 .271
.3743 .295

.m
:$%’ .344
.W .360
.2826 .Zm
.3557 .418
.3644 .442
.34W .467

:% :2
.323 .540
.= .W4
.3233 .6W
.3189 .611
. 311Z3 .m
.3142 .057
. Zn7 . al
.3110 . 7rm
.Wa . 7X4

. 7Ed
: Ho . i16
.2JS0 .7W
.22.W .Em
.m
.2720 :E

.811
:%% .812
.2427 .813
.2W .814
.2136 .816
.1901 .818
.1780 .819
.1695 .820
.1410 .816
. lm .796
. IWO .762
.as55 .094
.0370 .507
.0486
.C#I . . ...?..
.Olm . . . . . . . . . .


