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REPRESENTATIVE OPERATING CHARTS OF PROPELLERS TESTED
IN THE NACA 20-FOCT PROPELLER-RESEARCH TUNNEL

By w. H. Greay and Nicholas Mastrocola

Extensive tests of full-scale propellers have been made in the
20-foot propeller-recearch tunnel (PRT) at the Langley Memorial
Aeronautical Laboratory during its many ysars of operation. The
results were usually presented in the form of charts showing thrust
coefficient, power coefficlent, and efficiency, each plotted separately
against V/, nD The type of chart now being employed by airplane and
propeller mnnufacturers for performance estlmates consists of vower
coefficients plotted ageinst V/nD with lines of constant effi-
clency superimposed. As a result of numerous requesti to issue this
type of chart directly and on a large scale, thes present report has
been compiled from data taken from a series of falrly recent reports.
Charts are prosented only fcr the conditions conasidered to be useful
in present-day design (see table I), although charts coveiing other
conditions have been developed and are svailable.

In ths preparatlon of the plots presented, the data were
crogss-falred and do not necessarily check sxactly the previously
published data. The power coefficients of all dual-rotating
propellers in this report represent the sum of the power coefficlents
of the front and rear propellers and are for the test conditicns in
which blude angles of the front and rear propellers were suvt to absorb
approximately equal power at peak efficlency only.

The usual cosfficlents and symbols have been used and are

defined as follows: ; N

: R \
Cp power coefficient [SMEiNS POW@I‘)

\ e’

CT thrust coefficlent (effGCtin thrus€>
oD

n propallsr efficiency (Cp/Cp) (V/nD)

and

p mass density of alr, slugs per cublc foot
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TABLE I.- REPRESENTATIVE PROPELLER-OPERATING CHARTS 3

Figure

Blade
activity
factor

Nunber

bladea

of Rotatlonil

Propaller

ocation

Body configuration

Reference

Blade design, Bureau

of Aaronautics 5868-9

89

80

3 Single

3 cedo=-

Tractor

cadQee=

Radlal-engine nacalle

without wing

Liquid-cooled engina
nacelle without wing

Biermann, David, and
Hartman, Edwin P.: Tests
of Pive Pull-3cale Pro=-
pellers in tha Presence
of « Radlal and a Liquld-
Cooled Engine Nacalle,
Including Tasts of Two
Splnners. Rep. ¥o. 642,
NACA, 1938.

Biermann, David, and
Hartman, Edwlin P.: Teats
of Two Pull-Scale Pro-
pellers with Different
Pitch Distributions, at
Blade Anglea up to 60°,
Rep. No. 698, NACA, 1939.

Blade design,

Hamilton

Stendard 3155-6 and 3156-6

10
11
13

90

90

90

90
90
90

90

90

30
30

2 | Single

3 | --do--

z ~=do--

L ~=do-=
L -=do--
3 ==do--

8 --do--

8ingle

eedQe=-
Dual
cedQee

xcoFE W

, Pusher

Tractor

-=d0-==

wedQe=w

cadQee-
cadO=e=

cadQe=-

wadQee-

e=dQ==~
ewdQm==
eadQe==

Streamline nacelle

without wing

cvscssvedQeccscova

Streamline nacelle
with wing

cencescedQesscscea
e ec=dQ====e=a=

cececmsmca(recnnann

evveavwelQe~vceane -

Streamline nacelle
without =ing

...... w=dQeccccnsa

astnsescdQecsccsas

anmscccadOmececonn

Gray, W, H.: Wind-
Tunnel Teats of Single-
and Dual-Rotating Tractor
Propellers at Low Bl ade
Angles and of Two- and
Three-Blade Tractor Pro-
pellers at Blade Angles
up to 65°. NACA A.R.R.,
Feb. 1943,

Blermann, Davlid, Bartman,
Edwin P., and Pepper,
Edward: Pulle-Scale Tests
of Several Prorellers
Equipped with Spinners,
Cuffa, Alrfo!l and Round
Shanks, and NACA 16-Serles
Sections. NACA A.C.R.,
oct, 1940.

Oray, W. H.: Wind-
Tuinel Tests of Single-
arnd Dual-Rotating Tractor
Propellers at Low Blade
Anglea and of Two- and
Three-Blade Tractor Pro-
pellers at Blade Anglea
up to 6R°. NACA A.R.R.,
Feb. 1943,
Blermann, David, and
Hartman, Edwin P.: Wind-
Tunnel Tests of Pour-

and Sir-Blade Silngle- and
Dueal-Rotating Tractor
Propellera. Rep. No. 74T,
NACA, 1942,

Biermann, David, and Gray,
W, IT.: Wind-Tunnel Tests
of Elght-Blade Single- and
Dual-Rotating Propellers
in the Tractor Position.
NACA A.R.R., Nov, 1941,

Blermann, David, and Gray,
W. H.t Wind-Tunnel Testa
of Single- and Dual~-
Rotating Pusher Propellera
Having from Two to Elgnt
Bladea. NACA A.R.R.,

Feb. 1942.

Blade dealgn,

Hamilton Standard 3155<6-1.5 and 3156-6-1.5

16

135
135
135

3 Single

eedO-=
Dual
sagow=

ool X g

Tractor

eedOre=
caQew=
medQew=

Streamline nacelle
with wing

svevcasaQeanccvan

T [ e s

ecavececdencccaca

Blermann, David, Sray,

W. H.,, and Maynerd, Julian
D.: Wind-Tunnel Tests

of Single- anéd Dual-
Rotsting Tractor Propellers
of Large Blade Width., NACA
A.R.R., Sept. 1942,

J




Fig. 1

{2 plack « § divislons on 1/c0 Engr. scale)

vin D

NACA

17 [} I ) i | 5 5 I 6 ) O o I 0 e D 2D N LG
- : - 1 - — )
n | T e HRtes | __
1. vunlfr- . .“ ! I Iﬁ
; | _ ; A i : ; 1
1| 1 DB ] L TG : _,
- T _ e _ m——
! | | : Hill il ; ! ; )
1 11 —1 . T _ - _ : 11 -
1-] T+ | | i 1 (| | R § ! T 5 i 1 | T 1
_ i | 72 0 L O R T T H I -
| | 1 1 : ] | Il | ! ] [
| 1 T _ | i 1 | H
| ; Frr LT ! H ] ! . 1 =
e e e e i
| i | i | i 1 :
i I 1 I N I ezl L]
e i : ] | : : | i
o ; | i I TT T 111 T1 |
= et H 171 | 4 (]
nﬂ."% ! L T | T
e o8 i I it = TR RS
43 B 0 S e O O 1 B % 2 VA
£eg <3 Bl A | T . S s G IRV AR
MMM mm. g . = 3 Pt SR AR ./w 1
LR <=9 ! ; s > i N
3 e B A e
mr._m WMM ||.||f.4|.|.|.|¢|mi.| J“h;.!‘lﬂ + _J... 5y = —“
o i = O N NI N B P A
; ek 2.5 . . R e A= AR N
| zo 283 1 TrIri=1 T Sk TINTAVUTIN O
j o =8 — s . WD~ MR B VA
T S Loa Whic s i 1 = S G 01 O 8 o = o N e
| B B EEENE T 11T } ] | LA 0 AR N R | i) IS N % AN ‘
1 1 | 5 | G [ 1 L] I P o B B N TR S ROV NN
] ! & FEE ] i I SR A = B LN B ; B B
v I L & | _ _~A; m;...ru_r ..zxr!.v. [ .!\.\ & E| e Y\1// .l/
3 | ! S S | 1 e : e o ! T, o, I T
] __ ’ n| | LT e o ?nm._/ W//._,
T | | 2 5 | | 3 il F-. ; [ |
! Tl EREER #!ﬁrr..f.ff o mye i .;l._,w..z/\\\.“ih__.».v“ MNA
1 1 L . ! N e i ol A Je T P s Y
i ! ] PR 5/ S O B s I i, T B ) 1o o, ol I P 0 |
: 7 =] = 1T O I R e TP :
| I SR RO T oo PO i TR : ~ i I Loy N
H ] ; 34y ) O s T | V. R W T R
| m 78 S R A S e s ey e
] _ 0 et i S 70 S L S VAR S e, 1 s SR = S o
155 | T s 00 R N Yy sk ] s ) Frblla i ;
_J ! b o T | O .f..h. i o R i S o R e o R Y 1 O R e R
i e ¥ i & [ A . — ] | e
_ o e 7 i 1 s~ .&ifﬂ?!ff!.ﬂt AT NS
W _ [T = s Y 3 J...,.;H.
ram o < SRS
7 ZEsEEe RS
7 AT ,m 7 7 e S
a ] ! Q- _p...r..h_ :
¥ ~ 1] nhrllv d o - : | S \ e
£ 1184 T 1
A A [
2 o = -3 R = A % 2 w & QR e o ! ik = 2 8 =
S

98 -7



L-296

NACA

{1 block = 5/60°

Fig. 2

48+ ] R O
- THREE-BLADE PROPELLER -
- -1 - T - LIQUID-COOLED ENGINE NACELLE |

-t} WITHOUT WING 5

b BEE ENENREEERED EREENE ]

oz 5 B E _::""‘:-.“h_ 4] B
SN . - - S A L

a2 PNEHTH :

N ] e

bo S ," i

H HEREsN 117 .f! N L TR BE ]

.38 FTTRETTT { M 7 4 - TEN-FOOT PROPELLER 5868-9 =

» NACA, FEB. 1937
B AT .’_Z_.J A HANGHHHHH et waea rer."wo. b8 -
»26 _?}-\‘ - / ; y \‘&\ 11T =
il 9 By ARy AN a6 /] ATNIITIE il

2% 1 ] AN/l FANE) A

i f_ it 4+ \1 7 / L L .

, H, SEqrs :f 1 1B H ]

.32 / b ] L ]

1 ] T T 7 9% £ SEEREEERE B0 MO Ak ]
s AT NEEY e R : & | S &
.30 - + ; / N AN -+
s ?f G555 JRRESE N 1
L] 441 INDYINNREP. 4 & 11
" \\ i{ ; 14 _z HHARER & : LA B G ) 5 2 B 5
2 TN T A PO A TN R i
T PR A A A 7essp s _ ] Sunsun
26 T i 1/l _} 7 4 A H i_ J
BB TS 1118 ENEEE TERT TEEERL 2l
kS ; HL:' NgiREny /i N i s i
2l + +
b JLELE n A A i
L oh NAE 4B L] | 3\ X
Co FHHHTTHDN "'(“Z?f.ﬂz."/ N T YT "5
.22 . i \BIIN K,_._ J.1]
- / y ¥ Y ) Z A 44
i pel " i /. 7’ A1 1AL | BENE L
Es JeSEREnt yedrir fun 07 6L endiarataniaaddua sty s N EHH
I ENaENEARER g TTYINTTT 1] 1]
] ANEE ?_ BV H anf TN B3 HE B R
N /A AN ABeEEaEEN! HAH
S 3 @ 7 i E AT T T YA T
AT 4By 1 i LTI :
AT LA A
bl - | 11 — - . + 43111
B 8 ENEE S N BHREGERET ? £ /] x - Z |

Mns ”‘!',r / ;\)/f 7N \ 4 / / \ 11y A ERE]

: ALY = YE g I I B 4 |
B ] LI VNG RS 1 711K TIATLT

AT / / ‘fﬁ;._ SN ;' 1 \ _j___Pf.// 11

T A " £ A i i L

' T \[1i ENEPERPNRP AN ARV T
1A 1117 Vil iF4m B IPEEV.ARZEV NEEN SN
ERENEY ‘II. b VLT, N i / ,zz.//_‘_/ y. AN /};‘4 B

10 [/ 4 < -t 4

aEe HABFLVE ; TR N4 N /1. 20 il B 1

q 4 hivd NN AN WAL Y 8

T TN Ripyes 9 Ty SN T TV V4 1 82 HB
o r 4 LN \ A1 AP TN RV, AP a4 \ T
A A G HA A HA LR AP EPNSENNARENNES
Ty JTIN K, 4 &V, / av TXL 1

o B [ ¥ AL 4 \ |
CEC TS A TN i A A T B TEFEE i 0

Sy T TR T LT TR LA WAV AN T L CETTTT R T

L0l P W 1 \ % ¥
-1 BRWL # A 1 - ) i
EECREE HN \_'\H" sabigrd e | | FLA S

02 - N = =< \ T ; i

W NN E AT T o & i
AL 75R = 15 SN 304 HH35% 4+ | <404 g sehtf 509 | |
0 .2 Ry N3 .8 1.0 1,2 [ N 2.0 2.2 2.4 - 2.6 2.8 3.0 3.2



L-2 84

NACA

blook = 5/60°

Fig.

RER 2 ] ] | RS ' 7 @

S | d 11 11
.95 1+ i =

~HH - LT TRO-BLADE - 7“‘

.90 'n 1 TRACTOR PROPELLER IN FRONT W@ [T

' e ol WITHOUT WiNG 1

g — : 41 - - - -

.85 : uE

gl B 2 eEFEREr PR an

—+ 1 - i —4- f._._ -

.80 t 3 1 NE

LELL D . ne 1

-4 - I -L -t __.‘ 4

BE: 4 /| 4 1]

B [ [CEL ] 8] BRI 1]

= s 1

. R —1—

T T 11 TEN-FOOT PROPELLER 31%5-6 1]

L 1 TESTED AT PRT, NACA, ARRIL 1940, HH

.70 SEE NACA A.R.A. 1

Ll L4 "W ND-TUNMEL TESTS OF SINGLE- |-

3

W99

Lo

+35

-30

1

;/j-!
]

AND DUAL-ROTATLNG TRACTOR

PROPELLERS AT LOW BLADE ANGLES

AND OF TWO- AND THREE-BLADE
TRACTOR PROPELLERS AT BLADE
ANGLES gP TO 65°™ BY GRAY,
FEB. 1943,

T
|
1

N THTHTE

u AR R T A

LN

u g'ﬁ T judfuagans
= YETHAANAT 1

S i A HHHH:

:' A-H A f 1 i BB

H LT 4_._.& - +

/ / ff_z J_

I
T

H ' SRVEn {f Em
25; ! \f Pff}z,{/ J/ El i =
: zl/ {/ '_éz‘_;,{:__.: H T

105

1

1

RN

LTIl

Il

5.5




L-2F6

Fig. 4

o 1 blook « B/80" .
._]__L- TTITITHL 11T
.95 1 IE
(1 1] SEDEREEBERNGREEREN]
o B
1 . T iti EENENISNNUSENERRRRNnN
-l 7 1- —
BEE EEEEN F NEB THREE -BLADE 1
= W TRACTOR PROPELLER IN FRONT HUB iEN
1T 1 A¥ill N WITHOUT WING 11
[ S
L7 [
T e ' i
] SEREEEY /YN 11 8
(1T I IE]
FEITEEVEEE N HE jn
.75 ! Uil - I ™7
- —4 3 = ...7 L 4 — : - - - - ',_q,_
T AT E a8 E::
N =]
70 F g,r'r . ,fI TEN-FOOT PROPELLER 31%%-6 jon
1 THI AT \ TESTED AT PRT, WACA, ?&m 9k, 1T
L SEE NACA A.C.R. T
o LA - FULL-SCALE TESTS OF SEVERAL m
- Saaupii ey PROPELLERS z?mmo WITH SPINNERS, T
&5 £ / CUFFS, AIRFOIL AND ROUND GHANKS, = TT]
L, 1 -,/; i / 1 4411414411 AND NAca 16-SERIES SECTIONS® BY'
1 A1 Yt /117 LIERMANN, WARTWAN, AKG PEPPER, -1
/ ™ { ocT. 1946. 1
AL T e B
g AT T e T e ey
= ST P T T N e e A AT
= B A ‘£___ HEE I 5 [ I R R I 41
] J HEET
55 T SNTIRY, f ? i 2
u E A AR AT R TR REE\A A &
R I HEHAAH
‘50 f}' Tl ! 4 i /11 .j- -_‘i :. e o
s TR WA NESENINANI\DSTRNRREE N
ENEE Friur; HEE - 1 BARN By i1
P 1] / ;“!) N A NHAHH TANTIY /1Y i
b5 - B ‘ B 1
hNENENans - 1 § A1 1 i [
R"\Z A T ; AN
- -1 4 = nrs - L4
'L l! 1] 7, 411
Ao SSREpR4pRAL AT
Ll /4 / V- + +4-4 F 4
1] nNavinals }'L / / 2}'._{_ T
" 11 A4 AT \._
. FEr FRE
[ Z‘TJ‘?‘ / av; i
: r/, TIX| Y pes T
30b5 T 7 Ty il i 11
T 4 T f
| e / }z A HHH LT
) %”% / @. L A 2
.25 7 'V R B EEHE
1, U ]g nyanyl \H H{H
nay - ?4 -
A TN TP 7 1
.20 1 7T Tt
AN 5 y ;¢
) \ A A y 11 B IEENEAE 111
A5 ;’!) [THAVIA LI Y 14
5 o - 4
* 1 7 4111
FEH Y \z N VA M A A
(1] nea Y M L1A W | A YIAY vy N B _\___
10 iris d AN VLY %o 2 1 [ INIENEAE
i 53 Jin FiMAN LMY BEAZ YA Ad [J 11 HREEEER
'ar IRSSN=S 5’ 7 G IV o e o o 4 HA ! .
/ LA ;1,‘- LA A XA | 1ihitll EESNYENER
2 LA AT A e L ‘I‘l HHEE \H 0 Il
.03 = s el a
| AT é EAys o il B R AN ENER N 4 * Al
RN == et =S . 1. A | l[‘ 11
FEEE i i i i . A H HHH Y
8atrse s ATCI o A R A 60 691t
o -9 I.o 1.5 2.0 2.5 5.0 5.5 .0 L5 5.0 5.5 6.0 6.5




L - RE6

NACA Fig. 5

1 block = 5/60%)

N | T i __A< 7’_ o e J1 1111} L
95 T NE : 17 ) LT a1 111
T L0 ] 1 1 B e
NEENN FEEEEEI T TI1] N L
2 I I
T N ::._
h THREE-BLADE
IREE 4 Siite TRACTOR PROPELLER IN FRONT WUB —T—
BHE@ -] E WITH WiNG T
-8 1 ’ CTTT ™ I
11T 2 ¥ + . 1T
::j' 1T Ir
.80 1 1=
f = B -+ + 4 b4 e r e
","‘,: = 1 1
W75 13 1101 / n
, A1 119= 1
g f; WL - g1
.70 = 4 P I
7 R 1H-HHH E" y / a! -1~ TEN-FOOT PROPELLER 3155-6 -
I L LT LA 4 .. A4—t4-14— TESTED AT PRT, MACA, APRIL 1940, —+
INERRES - A SEE NACA A.R.%. T
T[] A '1/ B WIND~TUNNEL TESTS OF SINGLE-  ——
6 = 7 ] i AND DUAL-ROTATING TRACTOR PRO- —
. = 4N / [ PELLERS AT LOW BLADE ANGLES AND —|}—
HE 1. ST NN RN \ L { OF TWo- AND THREE-BLADE TRACTOR 1
INENRENar f NN PROPELLERS AT BLADE ANGLﬁS o I
] LT T0 655% Y GRAY, FEB. I9h3. T
60 CAAT i Y 8
HE 1T / SR/ BEEREEARNI ] 5 Cnt
ST AT L HHNHH HE A
7 rr‘f.rr.-‘ / 1 AT [ BEENN
55 wany y RENSRERELE SUSENINNYBEY VE)
E T faritvinng X 4 ! e
¥ YA L ] A / ._71 I
AT |.‘l 1 Ji“',_ 44 INENE
iR ViVj :ﬂ"— B 18 111 f "’“t_fr . .
y AH NN H A T SNREN
i ] 111 Z 11/
vy | 1% A o a .
neivanyd pur 7 T i
AANEENUN y 119 A AR ]
A7 B '§ 19T 7

- ]

_‘k(:_' THTH
N A SEn
HEE ’ 11T\
j’r"‘"‘[‘; . A g
.20 1 17 7 1 1
f‘xl' ’J -+ -4 —
11/ / | 4
iU ? T 1]
15 Iy i /A y. )
flis' A }1_‘[ ALY L 4 4 /] 1] 11 1
A i A 1 /7 v 2 Ii‘
: J 1 :
A AAR N A A T IA LY L T4 THIH 1 l
10 HiE Wil N ALY VMY ERNERNRNLERE
i Ty P R
\ i SC021%Crs93 Y P T ] BENEN
S B 3014 % 1 4]
05 AT arlk Z5SZE \ \ TN T
N arn e = Bh B n
3 ES35E : 'L.‘; G \ -1 = 8 A
_‘61 ol ,:#‘ 1 30°V 35" 4.0! 4§| (113 1 155 ‘I’q L] ®
o 9 1.0 1.5 2.0 2.5 5.0 5.5 4.0 L.5 5.0 5.5 £.0 6.5



Fig. 6

NACA

TS

6.5

6.0

5.5

5.0

%5 k.0
v/n D

3.0

2.0

1.5

11 17 T 1T i | [ 1 i 3 1 0 S ] R | 3 i | 11 L 5 I L o
H: ____ ! 618 L ) L L1 ____,_: 1 11 ) 111 T R 1 5 I O A T
= . ; t —~ 1 1 _ ! ; + _ =
il L1 1 A T O O | el L1 i L1 1 B2 T |
AR R R A RN RN NN =N ER S T s _ | mER
s g Tl 1B 1 i 1559 Y . ST
1 y ! ) | . H ] el B O G 2 R | 1
- 3 b _ rErrt B E T 0 8 L = __
23} ] m - il E { ] i D 50 12 S D 8 2 R O {7 B — Tt
Ll. t 1 Y T T _ .__ T R | 11 1 1 T v H B | ¥ .“
e £ h e T e e 2. 5 5 e e . e s t B
! il -3 1 1 H i) B S I ) 5 5| ] ! | I i
™11 Mm o T 1 T T | H X 1 T L
T 1 <62 b T ™1 1 1 t t * + —t
i i o — xos i ! I 4 4 i L 4 -
— : B b o o 5] X ; ] i | 8 5 O R . fat] ! |
L I B &, =2 ! H B : [ 1 H
0 I L =} 1= g ; - | | N D ] 1
S el £ ] I ™1 i b B B e t et
™ R = Bt I - i y | P P O | RS = 2
i ) o =< ! 460 0 1o | i) | j S D R 2 2, o o D 1] }
. it & MC + - e ¥ 1 Tt ’ 1= il 1
21 B a : Y T 1
I u Los 8 T i g | 15 = i
o g Aow : RE 1l p SubN GRS BEBEEE ) | T
a e ] ey — g § g 1] i EE 1 L1 o
SN | i ~ ) _ i - " —] = b RSN : 1 IRBE 1 16 ]I
| ) L 0 o o A ) I - Y 1 1 T [ RS ! I | 1 1
.—l._ 11 Iﬁ._.ﬁm LB __a_ — 1 TT T ._n_j |e= Hll | § Tl | H.....l 4.11- | v .u
1 LEE i ! 1 - 1 e .r..;r. = - -—
_ _ ! I _l\\ << : 13 | <143 ”.r, T |
F~ 5 TR B R Samn ] = N 3 ! ] B TR N ST 18]
S| LT e ) R T | I e ; ' i e = 1 I I
b B i 35 B B e I o N B | ) 1t iten P R T I
. ! ] i : A e = 8 ; 1 = =~ I 1 : H !
| EREREg| ! : el : I Bl = o = e N WA H
o | | P il . | L ! | - o e I A O, 2 R : RN L. }
A1 -, ER . i 3 : 1 i i L JNM.MM//fIn.\i
= T B ) f : = - B S PR N 1o
o ¥ | | i 1L ; ! | 1 T L I e Y e men Th AL SRR S
A B | i = 4 i 4 : T s N i1 1 I 2 e S P e i R SO I I
I —~+ : I T ; ; = 1 . ; I e B e B A I
: e o Y T 9 0 B Y A B = = By W SR NAY =
_ T RN e mEEE = NmE SR RN SRR,
H = | - ~—] 1 4 LA B i | f | 2] 2 ™ b . WL, sl
_ RS e T = H - I T T ES5 A B 5= Sas NS S pANRINN Ve |
_ ” - X = RS AN AR RS UENEE L E BRI LN 515 B4 i~ SRARANA R Vs
i 2 R . T | | | Fl o T et B A by - ) LY
1 _ N e e e e . ,Ar,\]ﬂh\v. S NSO S RN
H I ! L i e bty el ] A T ] | — ) % } N ]
T B _ NS e SRRy SRR S S R e TPk g K .Qcﬁ&i
| | )| i e o R v, O B ~ 4 1= —u ! = : st | Ay ONY ...r.lmﬂ w
. | T 4 i T s | o [Tl e P RE 1 T < i i | = AN .y
| | L RS = ._".I..... T _‘_...._F..,...__. s | e P J.uﬁ.....ﬁ...[ e el N R S RERN | + // MEATALY (s
] 0 I O 2 BERE ! : i I ~ 7. >3 : : F et e [ = ;
v 2 T P ) A B i P s = a0 R A ) SRR i~ A ilrn\# } A [ ATT™
—l : LB B £ RS BESREN AT s S ST s O e S B el g g H A
B i | 12 i T A B S i TR TR T R
S ! I 7 R i i SRR N s S e S = e T 1l
e e P e ey S e P amont et
s T 1 i ¥ - e " Y% i ) i | e
1 T _ T | | _ @J# Bk = P i A s S e s W e e e s M
[ 1 T ! ] 'l ] 1 L H 7] BB L o e e e i M e | -
] ] I B T i T _ e e i 4 ..}
¥ | N A i HEAY ﬂ_ ] » - =y : 4
D _ )\ I 1 1 1 7 il —— _ 8
158 0 T L) e I . H i ek 261k -
EREERTNE _ ¥ BT ! S e T _ __ 1R
5 63 2 Y I 111 I e EHENTE EOR SN [T i ] 1
& I R g % 2 R 2 % 2 N 2 & B S 2 g

FEZ -7




Fig. 7

RELN

+41 1 :

T

Y i‘l'%-é T

APRIL 1940,
5.

FOUR-BLADE

DUAL-ROTATING TRACTOR PROPELLER
WITH WING

TEN-FOOT _PROPELLERS 31

TESTED AT PRT, MACA
SEE NACA REP. NO. TRT.

=0

FH H

(1 block = 5/80%)

NACA
.100

1 ‘L L

L 1 —
-
-

44—
141
A W
J S

15 S

O

6.5

I 0
41414

6.0

545

5.0

h.5

4.0

3.5

22z -7




Fig. 8

+ 1 4
+ 1 4

6.5

.

1

EEEEES

6.0

11

4

/1

5.0

-

41

1 blook = B/80%)

NACA

0 N 5 I S 5 [ o U0 P e 0 e A R O |
LR J50 6 R L
T »
= R,
T g e
g 32
]
£ £ C
t ENN =
5 '
395 3.
TEx =232
Bat ¥ el
== M.th
| s (]
- S B 3 HT!
R 5 5<3
sunasmean S | Sas
—t—— M 2Bw
+—— =t =t
| HIBRE N I N O IO 1ol 5
T T 1 ? BB, = ot
; ! I R P -
| 2 - I_.m L
= Pl O |
i | P il HE H 1
. - 1.1 T |
I | H . |
1 ¥ I
T4y 2
! 74 el I | !
. Vil s = MR
i B
-4 DI i =+
~I.|| | i ol — 1 il
o CMEE . 5T S mmwc
i M‘ = : T e __ i
. ] S = J ) ;
| . ] I o R ? e O
I ! T e N B = e
X ; o i o e N
~ i Y il
I I I L = o —
| ! - e A Y
T 1 = T
1 | ! i — i ek W e
A = AR h R
X ™ | b =
_“ . L B 0 O -,...”l.r
| i ! ] BN
1 I L] | I
i i i L .
1 | i 1 il |
- ....— H 4
! 1 ! 4 | 8 I
= I / / ;
i | Fi
i ! I I
| ! 1 Lo
| A | .
] b | S .
4 =T i, H .ﬂ.. 1
L1 || | | | | 1
| 1T ] 1 Tk & |l |
o w© o o s = (a3

IRz .7

i
Fi
L.5

1Y .jf. 11

4.0

.

of

3.5

/ ‘i\ i

4

3.0

vnb

T TR

T

2.0

. sz_h A

y v__

+

FI7TAT
)

"l

A

TN
1N

Tiritd

HATN

b/l
H

=t
N
N

Bat 757 = 20°

f——=1 -4
——

N



£-2%¢

Fig. 9

1 blook = 5/80%) i
H ] +1H FUNI I i i 5 6
2.} -+ N EEE!

T EH T T TN L T
" T A BB INN REB NS iidsn
) : RN f{?l { AN T E1GHT -BLADE : 1
] HENEER7 N h | | DUAL-ROTATING TRACTOR PROPELLER an

Ll E L SESEE B LA 11 THA I T INCT T WITH WiNG il
4 4 g /] [ 1 ::
T T T T 5 H
2.1 g IV VI ] 4
T (1] 4 / Fi WEI i +-
4+ -4 -'"-‘ r £ } - —5 :"
2. et f L 4 7 ] EEES T
1] BNARAP )J f Y L B ———— 28
1.9 HH su st aneay ARNANAN pu
EEN AN L,;,_‘f; 88 BrAEE - EE H
o ssissosnmafldh . AeESRRY as
I- : i H N i | - -
A TEN-FOOT_PROPELLERS - % 4
HE /! J Fi N | [ TESTED AT PRY m,’l.?é.{' fgf:% . o
EE A AR A AN ] SEE NACA A.R.A. ]
1.7 1 1] "WIND-TUNNEL TESTS OF EIGHT-BLADE | |
0l NG T L - SINGLE- AND DUAL-ROTAT ING PROPELLERS | |
/ Al 1 1 T IN THE TRACTOR ITION® BY BIERMANN _| |
s $H A 1 HNIHATE - o e v ki T
A - a = =t
1.6 . _?I_ / BT ] H 1 ._//r" _'\\ i . T
] ‘b-.:'_ z.‘ j Jil 2 / - - -+ = 4 - Y-
susdueasdiguanaRisansh ESRdN HH
L [ LT LA T ] - '[ i +H1 HH
f} HAEK y Vi1l N IR i .
A AERS ; &
1.4 B 1 7 ;N y ] T / :':
ST AL i

1
'

= =

ERNN 1: gr ‘" ‘&(_‘ T 5 Ij .." __:: : ;E_ )_“ - an
' SEHA D AN : T AN T
I T H T w: _:jf":"!r' i __f_a_.. .\-:\‘_ +Hy ot ?e [ .;r‘ AT i
BEE Ep f_ 1 W —2-_- -_..Qé B 1 ’ ' 4 ] ] i,_\
HENFHA AT BEER DN T P oA A ELLEHE
Co NIV VLN A 19 E G AT P B
4 7 I 417 i ) o B r B BB EEE
ETHER neanyal P A AR nE
SLLL ;'f{*' i —f!(\a‘* 845 '\“;_h | kad;_l/f T ‘f? SHAHAH i
ELLL ySwabuvaim L;ff" INRNENL i / Ay aanTe 1
N y ; i) A /"i : g {% HIVIEE f; /| 17 §_. HH
uns ALY L] Al : A A4 L .f,.:_ Hit _';
: ﬁ rff'f“ fo_ ,d/' ; »‘?(' 1{{_ ( ,f‘/’)f({'_ Hi \1‘__ 1]
.§ 17 ;'..“‘5\41":‘* ] i (4 f_ iy ,|/ 1 L____._r__. : n
i YA HHI A AR =
I C g e S :
NN N Y A AR AR TR N

-

ot
I<..
KI‘.. I
>l P

H

|

] Ur'“ :

u 1 711 A7 § 5 B 10 yus
S R
i’ f X A XA AAA Y HHHE THH T
I Ff f‘/ [ 2/.|£—)- -rf' ?‘jf _E'_ _;/I_‘ \_}_ -.‘:.a.,,t.\__ it \ . ::
“H A PN A AER T H R 2E
FEHINON P el s et
A S2as2se A TR : -'—7;{&' 2

L.5 5.0 5.5 6.0

6.5



Fig. 10

NACA

(1 bloox = 5/80%)

.5

6.0

5.5

.0

L.5

k.o

3.5

3.0

2,5

2.0

FEZ~7

5] 56 I 3 B i i i B I 1 I 2 I O B ] 11 I EE]
A l m_ i = I ot (L 4 @8 |9 g I
B el — I ; — -t )
i e | 1 . 1 i 'l
= ) = Tt H T £ I | ! .
4 ' =N H T T f
IE R i | 1] | T e 4 i
V.4 i % T T : . H H
B o ; = =] b 2 I 5 e TR t 1
[ s H J ; = : EERRT. = ] 1 H
. = _ ! SRR B 53 2 !
Fi s R h O e N : 1
| i = = I ]
[ ‘ 1 _ ; : H i \1.... ~ I i :
! : e mr =i T~ |L1.“!_m ___ i : m
i | ! [ R i A =TT ] 1 I 1 ]
1 I ) el 1 T S & =)
+ i i 2, i =
1] A ) T U SR zNJ o _
=t 1 e S I o, R 2 B ]
] m == LS I B0 IR LT
T \ I T ™ | IR R 7 R AR
| N — o = R el _..*.“L.i
£ [ ; | I e % = il
| N i i R L 2 28 75 I
2| oy ~ ; ) = R DT
L — : I B O Y o B N RREEE N EST
] Seesey TR R W,
EEEE | i R I s i LN =g 2
1] ] T 1] 5 A ) O ! . I DERN L\ .
: i i Y | i H | A RMY 1
! T 8 = _\\ Sy ~ | (,//_,u.
T T e AT T et i S NN
i HELE I 2 . : L S = = h <
m - T - _ ..+n\ T ST
. — . . t R HE g TN {
I HH Ty v ,AT
I : P RN
| - ST EONREH
- i | : \
Y= MRTM L| } // H = 3 - e .,._\w 1N /.7/4
RS “Ygs = AR NP S | ea ARy
5 - . 58YE : RN < ~ N ik
8 g s St
- O & - BEL > o - . Ll
3o BT et o 3 5 B i N T
ags EoaRres R 1 T ! . A
B2 FEEPES8” 8 R SES _ s
Fr= Wt 23 P R LR R R o N RN |
~g% 53352030 i gh v ¥ b @i 1N \._,.y\,
: = Sass3E, . BRWEE SN P A
i =t =t FiEPiE 1 . T R ! QL./L TS 1
] SowWz2E2E ; oy T SISTSNS S N OSSP
4 =0 o O LD _ s ‘ ‘— bqqh .ffIL_./ f..f Y .M v ~—
: TN LI S O A
- a3 R ERAPEEAR s Banna dum Same s EELE o o in o u P an XFEAH
R i N 38 RTINS L ] 0 & ] SND S ANR
L1y LI ! i PR i R ] 1 |....“|..r/. IM, J e ] ! -
M . 200 . S 12207 s L& P~ FCTHTHC TR
i .4...“1..._1‘_4". *_ ek ..m 1 g 4 'W.
ik 8 B 1 Rmand R i e 1
o = i b s L L %

v/in D



~-
—
. T I i e e B P11 i ] R I O CEET: B 2 4 R A I I 1 |
0 _ I B @ Pl __ " H : e | it . g
& | | e i ll! I I Hi AR I 1, ]
L) e B . ] Ll I ) 1 | i) W
; 5 == oy i O 5 T 1P 0 A — | G,
1 e R ] HE I 30 ) A . ; . |
11 g il i ~ R | i e
T = L =] i ! 1 : i U ; | !
: : B i e | i - =l = [ ! ] 1
———t - = O i e Ceape = 1 t
= - 8 B o B = 5 ) nERES
= __ M . B I.M = s | . = el ; 1 _ i
i : = 1= L] = i o ; iz L
1 i 5 ull L5 ey | y " |
=1 1 | TR | =T I T o5 i ~ 3 !
] + ! N ! e 6 0 ] 8 T ; 1y i
. . t B = S g 1 H 1 ! ) L 2e, : =a
! i 4 I ] = R e a2 J B =
: : 1 _ i ; b R e 3|
%m _ l.wn i .”\\I...rr. s o I -t I ........,..r._H“r// : ——
= [ s e ] 1A B ! T 2 i 1
|_.H 121 A B ] e - ! L8 ..w..zr ST i
| 7] ; i ! | B 5 i O I A | 230 DB L i
5 L R ! g e preuca _
1 I N\ i i I om0 5 i itz o G R e O i
1 I t A o e e s P 1 i P R F
) _ o 4 i i g B
il | [ ERT { 4 ——T B s O O
i LT [~ ] ;L.m. J = _ﬂ_i_ ; MR Bt
N o - : —f— : 8 b P
- : s H N R ol : b
) i Il 1 ! al S { o e
I h — ) . ! : S
S ] 5 ~al e ;., ! £ ;
Sl | S e ! !
wc. [l T b - Y S
T ] T s af WS
il [ i i =
1 T : Iy | N T
L b FEks 2 )
i - : * } i "
_ 2 ® WSws l H - L\u,\f
] & - PEox 1 | . !
“ g 95 £,°0 : . R —
T 1 | I —
B 2 £% 0322 5 e N R <)
wli= ws G T ™\l -
E 4 - FWH . t
a5 82 223 ] =
._lm w I.m Sm.r“ ¥ ! b |
V 4 rw= o ; |
-3 1 Fhaia-4- 1 - — b )
: o== OE®E J——m . .
3 - E%ZsS g I \B S
! = Eoafiae.: —— , 25 i
1 2 535Rde. 8 T 1 K 1
_. “ 2g33382° : : Eh e S
2 —“Em um'ﬁ H . : “/n _1‘
E cSoL=2as3 I Ml LY I L
= i <l @D T 2 I I i -
I 1 s W i B Im
™7 f - Y 7 I
! 3 ] L]
1 o . —
] ] ] ol i
Nnv | [0 ]
< g o~ ™~ ] w " N o o o 'S =
= 2 g = = = " " K ¥ . . .

78-7




Fig. 12

NACA

282-7

14 111 __“_d:_ T ] H __:4__ il {1 444 IT
- AR e e P ma E
T T T T 1 . 1 _. T ull.l‘, 18
i B T 3 1 T : T 5 ! =
—— ] ] i . I L4 M__ ] g L]
— , i i “ H ; i = b et Mo
NS I J T : > i 11 11 | el A
T : . g | 58 I S s Sl e
) T T M t ok t . . il » 1<H L ”HJ
I i 1 2 e 0 i 1%&“.. f i
n : ~ ! : e : 33
o N y RS =T = 5 sl el }
LN - O . — i == = Tl A
EIBBERNAEN | = = e ek [
I B EERE R 1] | = - fffur._“ 1 =
i ! ! = ; - | i ] o
5 m j “ s i ] == S /ﬁ%ﬁ.. e
i N | ! < Do
LN S .M, I 5 ] izt o ! : y,ﬂT 1]
* Iy “ 1 : ! T ] H = : NBILS il [
' y T ; ] ! 3 i ' -4-|=
] i 1 > : 1 B 31 (1] PR '
N | ! P A ! 1 I 1 i NN 1
: ) IBEEBBENEEEE N - lity ; ! ] 1] L] )
A ! il | I P " ; —= _d ) B SRR i e
I ! ! EEERY RN & A 1 I 1 I ] —
i N N 40 R 5 215 3 0 T S S B R NI =
| B | i 11 : T B I 7 il i
o - R By SN BEERE __ | : e ,WFA_ SHTNG iy
5 13 T 1 17 =T ¥ == ws- o o, o T
3| T R BRI B i L : = I ) LL]w
- I it i\ R BN S ] = o B ; L -a i 54 . -wk\v | ;
. R T i 1 ) f I IR S 2 L T Jun
= A S S 1 Y ;i 1 o35 o SR B PO I_I_J/ 3.
4 i i Wl g LA Tl 7 T e 1 LI I 3 =)
& T ! LI = T B : ; i -5 ; FS il PN
- | ! N 7T =3 P e T - -
- ] — N = Ol 4 o Juﬁ/.} L BN
! : I N S 7 R ED Ban i BEe ] 1
= LSS s ! g = s il . pt™ Evll
1101 i IERERE e W ~ Skl bl 3. P
- s R W R
! 3 = acExs ]
T P 1 |
T = 2. Zoug RN STty
] - =t .“N..% { [+ =3
T ry s HU.AI I 23] RN e S
M.. 'w GE.IU.. m_ e ™ =]
S wz Z£5, @ 1 : s
1 m :)M DT - L .
; ] - Lte | b
g E“m s~ Oocwid- | 4 1 |
3 oI x AN W« T Y1 T 17
1 <8 5% 25°% RO T B 8 1
} RS ws 5gr-o il 1 |
1 =] — .EPMD | | A_ 1 |
+ BT it Z +
b} IWH WMR.LMT.A Lok H !
1 S.lﬁ xa Pz e _. |IL__..' Ly
1 < & _<Ze352 i 1 Py
1 5 IAAWN.DMM | £ ﬁ
TS MDWJRGU [ I .u‘.
T -t U owd m—ml ._ ‘_
= UEEFIED 11 j
i NN NN SN NN NN : : ;
i IENENEEEENEANEAERNNN N SEREEN \ | ]
11 A 0 0 1N D N 0 N N 6 6 A N A IS | il | 1
. - [ T 2 £s e oy e )
~ o o~ o~ o~ - = - - -

V/n D



78z -7

»
~ L] _____.:A_q_m 1 x__ 1 i __._.____ ___‘______
; | ; gl B
) t TR (el H | ; _ i N
. 15 v I A =]
w” _L._.I_ — .__ W o B .
Ly el 1 |1 | o U
— = SEsimale
. — I — Qo
T t +
; : = : = R
1 1 i M A il ! !
. — ..w\\\)f/ — ! "_;m"s.,
M_ H \v\ 1.!.!? _rf . ” wr)
! - . R Sy 2
) “ T 5 B g o ]
+ - i L BE | 1=
-] ) |‘j|JV|. fr...(af. " } l\lr_-ﬂ
! y al ! S B
— : U_, ] b 2 o R TR R
i + - b H
L _ e e e
H A ._......I...f..... * * T+
; " , —
] : kR
L, : = = e
! T ) .
; ; } 4 i ok | Pt L
b ] I ’ ) I rad i
W. : 1 i . )| J,A, ﬂ \ 1 :
e . ,ﬁ _, SEERBE 5 e S
4 T _ i / i \ Pl | 1
Y - i - T N ! s
2 , I i \_-Mww
| mam S e Y
T . RN L B aan,
! | BEEREREER A D el |
, - R 2
; 1 . T ™ 1
; ; :I/.WSua.?n ;fr..umr_.a.!_r_-fl_
i i « - I 2=
d _ ﬁ - o2 48T ] P 1
A ; g 30 3aa, PSS N
: I : 5 As Z5°% R e
) ! x g DT T NS YRENE SN i
I G P! I 1] T wre . O |l
’ ; MR ! gy w< OFWX i N S0y =
i - 1 1 i ...n.:www O DIOX I S il s
1 t 17 =1 n.-mmw o I __.!r@ By
f i . mGW m.,R.-rI.PWW ] e B T Wl
, : Bz SEa 2 < 8 | )/u_A.NVAMH/
- - e g ¥ o3z i :
. — =i - NARW - oy O A WS,
2 w & 5<325“3 A SN WS
! B v Da34%5¢8s IHEVA I~ | 1)
_ x 5 15,223 =t
- 3 B28F 3% IS~
" - I EREARRARERRE © b SeE T
i : - . S T - 7
I ; H i L T i .  Ceil .M.Llidh.._i
i | 4 4t i e i f iy ﬂ_ " 1
| I I - 1 11 || ! i &y ik gk d
L | 11 I 11 11 | | =] B ol
L = = JER D S A« ~ = =z =
=

V}"h D



{1 block =« 5/60%

e ._‘*..__“ y - i - ! » -4+ -._l_'_._ L
aE B . L 1.} | 1440 .
HH HA [ q1 LT 110 |
1+ - 4 L 1] -
LT SRR N I ] TR 1r
J e 4 -
i BRI L
i | ] T 111 ]
JERREaNN N ] T TTIH THREE WiDE BLADES IN REAR HUB ]
L 1 TRACTOR PROPELLER
] 1] WITH WING N
HERN 1] L] EENE 1= 1T
T
I B SENERN ARRRENEN 1= T
| ANERNEN u i 1~
B 1TH ] 141 1z 1
NENREEERENANEAN T I T T I veNoFoOT PROPELLER 3155-6-1.5 | |-
LT IRENNE 1= Testep Av AT, Naca, Fie. 19k2. 4 ]
SEE NACA
] NEN T 177 g TT P rocTUNMEL TESTS OF §INGLE- o
] T 1 AND DUAL-ROTATING TRAGTOR PRO-
EEESENREE) b T PELLERS OF LARGE BLADE WIDTH®
11 BY BIERMANN, GRAY, AND MAYNARD,
T I - ™ SEPT, 1912,
aTTIr 7 ] | TITT NENERBE!
| il _ | || A1 L1l al
T Tl E /7 ) L T

T

\ 1
-

t
o 67
t

1

S

%

Py Ty

N
S

| A
o
A N
N T,

i

¥

Al

L
R
/

7T

] _&j
T 1_‘.:.%;151
T T

[
[

|
i
T
s
T

-
b
-

—A

5

N

L

SO

Ay £ Nl N e

g

-

ot
it

P

P ALY NSNS S

N

N

o
T

I
~

NI

[NH

N
HEMIT
N
N

)

i

H S i e
\\‘_'__ AT 1T T
L i |
T 1 i
:

{
LA

,
P2

|
1l
+

&,
\\‘ i
I NN
'

ANLNA Y
N

X}
WY N D

WK
TN TS

P\
|
|
L
1

}
)
i

2.0

e, 14



Fig. 15

NATA

1 [LETEI B e R e e B BT s g e NERERN | " T . A G 5 B O R D
BB | | | ] R 5l I B SR S S : | i B | LI I e e
S _ A T e e 5 W [ i s e et w1
| {5 t i e i Y ] o e i 1 3 | ) | e
m & o8 HH - 1 ! EN=C anfnaumi e
A § | .-l Lils 5 1 : e e | i
m 3 RESIVE T S e R 5 v . 501 I N S 0 B
Uiy I Y, @.9> 1 1 | | 4 i Y I O O =1 BR R IBERREEY L
A o= H‘ﬂ!@ﬂm i T I 9 A ; ! T D o il I i e
s Se e “"Sue i | 1 RN R 5 SN TE i 50 A Y |
1 I - - . $Z9Z B ) B S A P o, B ! B BRA-]
HE R H Ide S o 3. . ] ] 1 HE I RN i | i i ] |
I Immn 1 4 B3 S2.X — 6 R IR I = Sesnreash I T 1R
g ® P i i ! A i : L] 1 L g
g7 B, - g8 il . T i o B I 3 5 0 Pl =1
| 23= SEEIS T - e l o i | IERBENDS it Al | I
— b~ i LCH _ ] e S T =t
| - b o a2 o S ! ! ] I~ I > 1 st
I FEE =—tm— 5 3nigE" o R N ORRY BRED = aru
_ §939382 . G =S SRR Hest v Bl e e
™ s ZowiolE T ] i 10 o= 0 S O i TR RISNN AT T R
s 8 gosrdcey TP 2 0 Y a5 DO SRS R
! 1 [ - - i . E it — o2 0 D O " N TR I
i oA B v O 1 O b [ S Z. ! T 1 | N R E R B o S EK R S
H 1 | ] P L1 4 | 1 LI I L i "W o W0 A AN I ]
H I I I I I 1] ! 0 LR I ] B AN NSAWNT T B
I A I | ) | HIHE 74 . o i FAN B
o e | 1 H H 11 =1 3 T * r.J....f.mll
| i I ! 1 I I ) :
X § | v | ¢
| { l ] 11 1/ .
1 L1111 w | | __ ‘._ _d_"
TEE e e | L ; L
B - it 1 S B j I
T o T ] 1
. ] J i | 1 T~
._. B LI I I LY
3 i ._.. 1 I 1 d
) b I I .
A TP ! L [ 11 i .
Sy 1 D | Lagede) —
B 11 S | | Ny
yHEE H 1 " B . ] I Bacs
il i I L]t ]
I]....._..ulllh _ + _
ISR i | | L h
1 | | IR I i I e i | | H
I . i I N 1 1 H !
! . 2 ol | il A
| | | | | B | . Pt ;
L il S i . | B HE 5 BRI
T T H [ R
— e e
e ; ] ] |
| L ] B | ] 1] 1
I 5 O T - | I 1 ) I |
EEEEE N L] N | B Ll
| A ] Bl | IR ___ : 1] ] “_.
fl ot Lok I i : A Jii ol
; 1 ! L] 280 2 ! il | i
O 3| T i i | Ere) ol
S I I L _. 1 | 1= 0 O 0
] B | L1 | 1 I [, il |
i B EEh IO i 1 | S ! B
N L T Y Y _
I .10 T ) R il i i I i
| T 2 O O 5 0 L1 1 L 1 N 1 O 1]
| N EREEERE I i) I Lil i |
= g ] - -] o @ o= Y- a =t
o o = & o i s i A = o

982 7

v/in D



/- 254

NACA

1 block = 5/60"

5.0 {

1 11tr 8 THHE k
44+ 4+ - - . - .
4.9
i L] T L 11

v.6 i3 : 1

' 111 1T ] T
] TTIITTrT T L T T 11
w2 H HH

WIDE BLADE.

S1x 5 -
T11T 11 DUAL-ROTATING TRACTOR PROPELLER

L1 41 S N I 0 Ry W0 WS O B 8 -4 WITH WING

5.8 INEESENNE 1L
3.6 A D 14+
3. ‘ -
1 ] T Y T10 EEREE

3.2 TEN-FOOT PROPELLERS 3155-6-1.5 &

h
T
B
i
!

156-6-1

AENEYN NS T LIETE 7e87e0 af”pat, maca, rFes. 19k2.
RN HENE LT see waca a.r.f, o2
5.0 J— PWIND=TUNNEL TESTS OF SINGLE~

s - . Ok W g e 5 ol I 5 ! 4. AND DUAL-ROTATING TRACTOR PRO-

& 5 55 58 B Y 15 L e ] B = | PELLERS OF LARGE BLADE WIDTH®

1 ERENENES | BY BIERMANN, GRAY, AND MAYNARD,
[ SEPT. 1942,

B N 5 /252 5 0 5 I W [
2 B & 1 WAAARI

b IEENEE ERVERRARENS ANERNEAS ] [
=] T_JZ_I' R Bhd el BH 1 B ;ﬁ-.&.\‘_ - == :

2.2 4 i ™ 5
ASECSNNNNERERNERNEP” ¢S 4L0EY, 1 TH ]
CP whe |_._-/-f/ //‘ 7/ - Zt__.{ .: — = L1 11 _‘_\\q ENES L
2 o —1 ] 11T 1T "/ }r E T T1T 1 R \1 - —
A A T NN T -

‘i'\f‘f“-
TP

l—"\-

\)

i

|

I

i

Rt
S5

t ~S¢o'
S
I NN
2

>

T

7

.

i

v

=
). 4

X

1

R

3\

P
-
Pt
=t
=

i

[o5:
T

=
by
Iy
e
Py /‘\“‘

o
I
|
|
i
hh..
i
] i .Ir-.
™
f\“i‘:\}x&
i

s
|
L
5

i

17
1

i

1

i

BEEE R

1

r
I
1]
1
f
[/I
wE
T
-
o
N I
|
=T
M/“
o

r
Tt
b
N

Vi
1=
pal
L]
2
il
S

.
e
2
/J
]
e ]
o B
I
&

1
!
7
-
1,
<A
Pt

o
T
t
._r'
4
]
==
BT

{55 B o L

{8 B B

]
|
—
3 = Lz"*h 2
. K
]
!
" L
ram,
‘T“"‘-—
-~ T
S
K==
P
I‘s
.Lif
NS
[y
X
-
NI
. l\
'\ T
b
" T
AT
N
AV N
AY
1

[y
~3
ok,

(™)

4 < 3
A
-

F

u . [

P

H
5N
Vi
N
P>
i
P S
,_H_.__: ~ o
~
1A
N

3ib*

\1\
A"l
IR
2 NN
A
AN
, Ahoh
B
E 3 3
WY
1
1
!
|
]
]

N

A

h §
A

T

g |
==

|

f

t

e
|
{
{
W .5
Y

i/
;'5‘75 N4l v EAwS

R : i{idunadibvVaantpiSnse
o E i ' i
okt = S0 451 50~ | —55*\ 50° Leat .75k =
5 1.0 1.5 2.0 2.5 3.0 3.5 k.o k.5 5.0 5.5 6.0



£-28L

NATA

{1 block = 5/80%)

2.6

2.}

2.

=

n

[ I ,.—]V ;_ -4 4. — 4 . - ) + +- W - —
| | - - - " { | | 4 - 1 1 i - -1
EpEEEAN ] i LT LTI ] T H
£ ! 11 ] _ ] FRERRNANNE i
[T r yed NN NSNS RSB RN
T T B 1] nA SEENNERNARE; ] LIHIE
N 1 11 JERN NN 1 4413 - b 4+ 1111
] ENESNENEEBERENERE
T CTTIrrirtt 3 1 ] # sSyuNi T
- I I - Y S y L4 + 4411 - . - .
T T eI T T T T T I T as
B . - 4 + 4 . 4 . - - —
_ SENENENENE 1] 1 ]
BERNE TTT IO
TTITTITE
L ENREENAES NN EAERRNEN) 17T nn
T 1 HH i e e
TIP3 IE1T 1 ESEEEBERENENRRRRRRN RN
EIGHT WIDE BLADES
DUAL-ROTAT ING TRAGTOR PROPELLER I
- WITH WING T
-t 1 —4- I tt=F —
Y O ] = - 1
L L] | 11} ] 1
{1 ] 4 | IO .
] [ ] 1 LT L bt
T PEREEE L1 RN
1] @ 0 L[ 1] nEE ]
+ b TEN-FOOT PROPELLERS 155-6-1.5 & | L
ATLIE TedsPoor 3155-6-1.5 i+
~ fedteo AP’ PRT, NACA, FEB. 19k2, T
44144 SEE NACA A.R.R. 1
- g b4 14 *WIND-TUNNEL TESTS OF SINGLE- 1 1
AND DUAL-ROTAT iNG. TRACTOR PRO-
ESauyu/nay 4 PELLERS OF LARGE BLADE WIDTH® BY ot
Ew YL 4+ BIERMANN, GRAY, AND MATMARD, —+
¥ o - 4

—— SEPT. 1942

§ LA A
TN AL
. rip@vis y, ]
1'1‘ 11 71 \/
N N

4

0
IS

A

b
N

A~

——
Il

4

-y

-
~

SNl

_25.0

™~

—0*

v 4

PN TR
19} 7 i L_j& 11 E
T4 RS ZZT aw

R N Ex gy
5 1.0 1.5 2.0 ;




WIRAG (B3 . Th= 7996
. Crsy, W. H, pivisions  Propellers (11) z (o1
Uastrocola, N. [szcmons Testing (8) ARR-3125
CRO33 REFERENCES: Propellsrs ~ Tssting (75480); Pro-

pellars - Performnce (75479.28) | TEVIZoN
._—_A_‘Ml

Representative operating charts of propellers tested in the NATA 0-foct pro-
FOGN, mpellsrresear.h tunnsl.

OGINATING AGENCY: National Advisory Committee for Asronautics, Washington, D. C.
TRANSLATION,

N, X DA PAGES fuus. FEATUZZS
U. S. Eng. Unclass, | Sep'43 tabls, graphs, druvgs

. QOSYRACYT

Praaent report has boen compiled from dats taken from series of fairly recsnt tests
of full-acals propallers. Charts presented for performance sstimate conxist of power
'coefficients plotted sgainst V/nD with lines of constant efficisncy superimposed and are
only for eoklitions considsred to be useful in pressnt day design. In preparation of
plots prssented, data were cross-faired and do not necsssarily check exactly, with
previously published data, although charts covsring other conditions have been developed
snd are availabls,

NCTE: Requests for copies of this report must be addressed to: K.A.C.A., Vashingtan,

P} K3
T-2, KQ, A MATENMZL COMMAND m:aoccuﬂwm WRIGHT FHZLD, OXD, USAAF
who-m o0 a =




