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WIND-TUNNEL INVESTIGATION OF ALTERNATIVE

PROPELLERS OPERATTIIIG BEFIND DEFLECTED

Q

FLAPS FOR THE XB-36 AIRPLANE

By Emenuel Boxer
SUMMARY

Tests have been conducted in the Langley propneller-
research tunnel to determine the aerodynamic character-
istics of two pusher provellers of identical plan form,
but different airfoil sections operating behind a slotted
flap. The tests were made upon a wing-flap-nacelle com-
bination simrulating the arrangement at the center nacelle
of the XB-36 airnlsne. Conditions at the inboard nacelle
were simulated for several tests by adding a model of the
-landing gear. '

Tests were made over the range of bl
flap deflections necessary to cover all f
of the subject airplane.

ade angles and
1ight conddtions

The propellers, one embodying NACA lb-series s
tions, the other Clark Y, exhibited very similar ef

L=

3 fied~
encies within experimental error at low tip speeds for
all flap deflections. The vesk efficiency of both pro-
pellers was reduced 2.5 and 6 percent for 20° and LO°
flap angles, respectively. At the take-off power coef-
ficient of 0.055 and estimated take-off flap angle of 20°,
the efficiency loss caused by the flap is slight.

Extension of the landing gear decreased ths maximum
and take-off efficiencies inappreciably for most con-
ditions.

Compressibllity effects at a tip Mach number of 0.9l

caused a l. percent reduction in peak efficiency f{or the
16-series proneller when operating at a blade sngle of 10°
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For the same condiuﬁon the Clark Y propeller experienced
a 2 peocent increase in pealr efficiency.

INTRODUCTION

An investigation of the effects of deflected wing
flaps upon the pronulsive efficiency of propellers for
the XB=-36 airplane has been made in the Langley pnropeller-
rescarch tunnel at the request of the Alr Tecnnlcal Serviceé
Command, Army Alr Morces.

The Consolidated=-Vultee Xi=36 airplane

i ependent
upon the use of wing Llaps to take Wfl in the speci
10

o)

ied

distance, The effect of the rlap wa the pusher
propellers was unknown, vut a dCPlOUS 113¢1P1>“L of
efficiency was imnlied by the results of several British

tests., mherpfore, a model was built simulating the

center nacelle of the XB-56 alrplane which in the interest

OL obtaining results as rapidly as possible was pro ovided
ith an avoll)ole low a0u1v1ui-LucLow propeller with

Cl"’” Y section. Unpublished results obtained with this L

con¢1fu“aflon proved tub feasibility of que—off with the
rrangement of the XB- -36 airplane 3100u10*ve unit; however;

‘he correct value of propeller thrust necessary to compute

the talie-off distance was not obtained. The efficiency at

any plven forward speed varied as much as 10 percent

ceoend-ng upon the act|v1t/-f wctor correction used. There-

fore, an “udltﬂonql geries of tests was made using a model

of the ¥B-36 propeller (Curtiss 1129-2l embodying NACA

1@—serlus sections)., Preliwinary tests of this propeller

indicated unsatisfactorily low efficiencies with deflected

flans which at that time WeTre thought to be due to the

adverse effects of oscillating flow upon the lo-geries

section. To determine the effect of Llade sec taou,

another propeller of the samé plan form but cmbodying

Clark Y sections was built and testecd. The large losses

noted in the preliminary tests were oUboSQUEQtlJ traced

to variations in the drag of the configuration with pro-

peller removed.

Tests were made over the range of blade angle and
flapn ﬂeflpctuon to cover all flight conditions of the
XB-%6 airplane. Although neither full-scale Reynolds
number nor blade ws “c-oasudge freq1enCV could be
duplicated for these tests, the disbtribution of Mach
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number along the blade was obtained at a blade angle lower
than that for take-off to determine the iMach number effects
upon the propulsive efficiencys

APPARATTS AD HMETHODS

U

The model consisted of a constant-chord wing with
nacelle and flap simulating the arrangement at the
center nacelle of the XB-306 alrplane. (See figs. 1
and 2.) The scale of the model (h/l9) was selected on a
basis of the nropeller available for the preliminary tests.,
A wing span of 15 feet was selected to prevent tip effects
from influencing the results, The single-slotted flap
was used throughout the present series of tests because
the optimum design of 2 double-slotted flap had not yet
been obtained. The extended landing gear simulating
conditions at the inboard nacelle was used for several
of the tests. Because of uncertainty of the final design,
the nacelle nose was faired to meet the wing, omitting
the air inlet in the nose of the nscelle., The exit-alr
slot at the juncture of the nacelle and spinner was
faired over. Proposed proneller cuffs were not employed.

'The L~-foot=-diameter model propellers, the blade-
form curves of which are given in figure %, are of
identical plan form (fig. L) but differ im airfoil sec~
The Curbtiss 1129 propeller
was designed embodying IACA l6-series sections, The pro-
peller incorporating Clark Y sectlons was bulilt with a
slight modification of pitch distritution to allow for
the difference in airfoil characteristics. The activity
factor for both blades is 121, '

The nroposed two-speed propeller drive of the original
power-nlant design has been abandoned- for structural
reasons in favor of a single-speed reduction. The new
compromise gear ratio is now 0.381 which at the talé-off
engine rating ylelds a power coefficient of 0.055. Thae
corresponding no-flap take-off advance ratio 1s reduced

to 0459,

The thrust of the installation was determined from
the tunnel balance syster. To minimize variations of
basic (proneller removed) drag resulting from changes in
ing surface conditions, a strip of linen tape was doped
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to. the wing surface sapproximately 5 percent of ‘the chord
from the leading edge. The propveller torgque wss measured
by & spring-type autosyn-indiceting dynamometer.

The testing vrocedure followed for the vresent tests
was to operate the proneller at a consuant speed prede-
tsrwinsd for each blade angle, while increasing the tunnel
velocity from 30 %o 100 wmiles per hour. The rotational
sneed was selected so that the propeller would overate
near gero thrust at 100 miles per hour. 1In order to
obtain sufficient test points at blade angles greater
than 25°, the test procedurse was as follows: first, the
rotational speed was set at the maximum velue obtainable
at a low tunnel airspeed and the tunnel airspeed was
increased to 120 miles per hour; and second, at a tunnel
airspe-d of 100 miles vwer hour the rotation al spsed was
raduced until zero thrust was obtained.

Tests were made at o° wiag angle of ettack for flap
angles of OO LO” c“o, ﬁO end O~ and for blade angles
varying f’rom 12, 50 to ZGO iﬁ z 1crements. Tests were
also made of each proge*ler wi g flap neutral Eor ?“
blade-angle increments from 25 to 50°, Additional-te 3=
were made with flao neutral a: at a blade angle of 1O
in wnich the proveller rotational tip speed was varied
from h13% to 10L0 feet ver saco At the latter sneed
the Mach number distribution aWOag the blade closely
approximated that of the fullwscale nroveller at take-
off, although vower limitation prevented duplication o
the take-off blade angle.

SYMBOLS

D propeller dlameter, feet

S wing aresa, square feet

Vv velocity of alr strepm, feet per second .

P density of air, slugs ger cublic foot

: : 2
WegloAl ] : , v

q dynemic pressure, vounds per square foot el

f — /l

6f flap angle, degrees
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BO 757 blade angle st the 0.75 radius, degrees
n propeller rotational speed, rps
/Dragh
G drag coefficlient {=——
D \' g%
: iV [LiEEY
¢ 11Tt coefficient [L2LE
AAY
Jd advance ratio [-—
nD
ae Pov-.rer\
CP power coefficient -
\ oz’
TQ o 2
. e S / e
CT thrust coefficient 2_Z or \CDn i CD<) S .
on D 4 DL 20
il effective thrust, obtained by adding the drag of
the model with propeller removed to the
resultant measured horizontal force with
proneller onereting et the same stream dynamic
oressure and model 1ift coefficient
oL ar /3Cy
n propulsive efficiency (s
UP/

SHbseripts:
c denotes propeller removed

D denotes propeller operating
RESULTS AND DISCUSSION

The results of the present investigation are pre-
sented in the usual propeller coefficient form of CT’
Cp, and 1 plotted against the advance retio J.
Results of tests simulating the center nacelle are pre-
sented in figures 5 to 8, the landing gear extended or

inboard nacelle results in figures 9 and 10.

An indication of the accuracy of the data is shown
by the test points in figure 6(a). The curves were faired
and cross faired as a family for any one configuration.
The necessity for so doing is apparent from the scatter

7
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of the force measurements shown in figure 11. The
oropeller-removed drag coefrficlent us ed to compute the
thrust is obtainsd from ths wing polar curve at tne value
of the propeller operating OCg. Fowever, the large 1lift
force fluctuations dictete the use of a faired CI varia-
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tion with advance ratio to reduce scatter of
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the results of the low-speed tests indicate thsa
differences in efficiencies between the Clariz Y

16-series vronellers are within exnerimental erro

°

Effect of flavs.- A comparison of the peak efficlency
envelopes for the retracted landing-gear condition are
shown in figure 12. At the no-flap take- of f advance ratio
of 9+559; the nesk efficiency of 79 percent was reiuced 1y
2.5 and 6 percent as the flap wes defl cted to 20° and LO°
respectively.

For the take-off run computation of the %3-36, the
only valid comparison of effects of flap deflection upon
efficiency or thrust is one at constant power coefficient.
Results obtained by cross-fairing at £, = 0.055 ars

8)
shown in figure 13. For a 20° flap engle the efficiencies
of both propellers were only u11:ht1 reduced throughout
most of the range of J from O to OQSQ.

The maximum efficiency (fig. i} 18 only alightly
affected by the landing gear. The added decrement of
efficiency caused Dby flaJ deflection is of the same
magnitude es with landing-gear retracted. Sevsral smoke
tests made of the flow past the landing wheel incicated
that aglthough somewhat deflected by the flaep, a portion
of the wheel wake still cnt sred the propesller disk even

at the maximum flap &ng

Rl
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. The effects of flap deflection at constant power
coefficient with landing gear extended are shown in
figure 15. The decrease 1n efficiency is approximately
e percent for a 20° dof1p0u103 and 5 perccnt for a l10°
deflection,

The results of the present investigation agres sub=-
stantially with those of the preliminary unpuolished deta
except at small flap angles with landing gear extended.
The orev1ouvly obtained decrease of li to 5 percent in

efficiency for flap angles of 20° or less has not been
obtained.

Effect of. tip Mach number.- The cffects of compres-
81113ty upon cach propeller are shovn in figure 16. The
increase in thrust and vpower abgorption with increasing
tin speed is as anticipated by ainrfoil theory and’
verified by previous investigation. (See reference 1. )

The peak efficiency of the propeller with Clerik ¥
gections increased 2 percent and the neak efficiency of
the propeller with 16-gerics sections decreased i ner-
cent as the tip lach number was increased from ﬁ.h\ to
0. 9u Cne would capect the propeller embodying IACA
16-series sections to possess a higher critical tip
number” tnan the Clark Y. This 1s true at the desig
dition. Towever, calculations indicate that ot pea
efficlency for the low blade angle of 109, the tip sec-
tions. are onerating near zero Cb indicating large

negative peak pressures for the well-combered l6-series
sections and a consequent loss of elewmental thrust from
early shock. Figure 17 presents an analytical check of
these results based on data-of reference 2. The efficiency
is shown to decrease withh llach number although not as
rapidly as is indicated experimentally. However, at the
take-off blade angle and fla) deflscticn the blade will

be more heavily 10u;ed and. the efficlency cdecrements

should be smaller. The Clari Y section does not expericnce
large negative peak pressurc near zero 1lift and, there-
fore, the propeller exhibits an efficiency zain due to

he favorable compressihility effects,

o ~Y}=
!

\
/

da |

lach
n con-
',
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SUMMARY OF RESULTS

he results of this investigetion are summarized
belows

extremely high blade angles the maximum
both propellers can be regarded as egqual.

1. Low~sveed test data indicate that
e

2. Lt the take-off advance ratio, the peak efficiency

of both propellers nt the center nacelle was reduced 2.5
and 6 percent for 20° and 10° flap angles, respectively.

3. At the take-off power coe ff% ient of 0.055 and
estimated take-off flap angle of 20~ , the apparent

o

efficiency loss is within experllental ZHiechdes!

'« Extension of the landing gear decreased the
maxirmum and take-off efficliencies of both propellers
slightly for most concditloms.

the compressibility effects at the tip haOH number of
0.9l caused a li percent reduction in peak efficiency for
the 16-series propellers and an increase of 2 percent
for the Clark Y.

5. At s blade angle lower than that for take-off

Langley Memorial Aeronauticeal Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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Figure 2.- Test setup.
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View of 1129-24 propeller blades, Clark Y left,
16-series right.
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(a) Sf s 10°

Figure 6.- Propeller characteristics, 16-series, landing gear, gear retracted.
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(a) 8, = 40°

Figure 6.~ Concluded.




8
o Tk A T _
" AR y y e wn‘& B ]
K _ e A S, oty | 437y —tt7 e o
fe) | __ g R 2 | m .
$0UN | - -
= fior ey SELLauear
. il ==t 1 ) Lo 1_ ] Ll
- i £E m*.w TIOEL] e z 1 : L
Z \FRNTVA B :
g \ \ ! Zgase
f = L : o 5 Ao jiih 5 B %) S
\ A T ESNSRSZENCANEANED sy ain: 4
e e N NN i
\ i A e o Eawl R 4 :
AL LA A4 INL A AL nmvi L]
\ LA 1 / i ) N ™ B
7 7 /] FLN ol gl
VAR a4 ) AL LT IN \//\/{ H D
N7 77 /] N U I L1
FT TV 0 AN N 4 i z [
Dl BN v o ALy -
DAVAADARDS % -l fNG / :
§ I % e N\ / { A | 7 BTN b st Lol
S / I g
v i AN A ANARBIE) T i A7V B
A \\ 71EL a\ 3 NG \//x / P V\ / i
Ii7 : : N
ofX Y AN B \\ ! N ez \/Y —T=]
I : gl
\ A E Al XA Pl 25T vie
Polh / / | N 7 Ay e f Y 3|0 I B [
\ At op N 4 L/ /171 / I
Vi N Jﬂ 4 7| /. A ol |
4 1. / ZI S 1 i N i bt
AESI E10E E PRI SIP i A & L N -
| & 4} [f 1K 4 b an SN, \ 71T )
& | 7 7 Ry PED [ 2 E
ALY VA, 7 / T
Ml 7 Rl 8074 I
1/ “ \ NS = & ! AW / L7 4 L1
[ \ ﬁv“u A / V2RV R i / 9€
. / I 7N 13
| vl BB P, 7 7 i e | |
i 4= L val7a A 7 / / ™~ ) 2 [ [
\ L 7 ; il 4 \ i O
o £ 7 7 A TAd 1 EE
L AWV V1, A 7 I -
ki /A / 7 < iaia
| N /. 4 / = ! I
RN 14 7 A .
/ 4 7
B AV A7 T TP T T T
@ b \ 7 :
TN O m Sy 28
A ~ ,
R N - S
_ o !
I e S L I e
m Hr
uw .. I -1
- s

EES=T > > . .




MR No. L5Kl2a

geC~]

; 1 B P
2 | A377d mw
2 4 ) W 0
%T.V.imm Ngi{Nel ezl 2
\
N \ izy g
\ b d
\
\
\ \ \ :
N
AY \
L1 L e
\ TR r 4]
\ NEN
NN Y E oI _M
: e E A NERE A NE AR R FH
" i BN B J .M P I
\ HinEunan \ NEREENRY A
| R EIANEE \ 1 0 S I BT [
\ \ A =t
LN\ il \ N B i < e s
\
f I \ \ | -
\ \ \ -
N
N / i \UJ
./ i) d ]
; X N
B HERRED UnaHn e
4 i VBt Lt 3080 e
S = N
: ot i ] 0 6 0 B
f Pt
S LN n,
2 i ] )
: FrrE
|




MR No. Lb5K12a

§65T




’ ' L=533 ' '

+18 EEE TS
I t

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
(a) 8, z 10°

BZIGT "'ON ¥YIN

Figure 8.~ Propeller characteristics, Clark Y, landing gear retracted.
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(v) & = 200

Figure 8,~ Continued.
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Figure 8.- Continued.
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Figure 8.~ Concluded.
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Figure 9.~ Continued.
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.18

.16
.14
a2k

1.07 .10

Cop
.84 .08
.64 .06
4] .0af
ST
o0

0

- 1-533

.8 1.0 1.2

n
»
o

(a) 6f = 0°
Figure 10.- Fropeller characteristics, Clark Y, landing gear extended.
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Filgure 1l.- Typicsl refairing necessary to obtain faired
propeller characteristics; 16-series; §p = 10°; B, 20°;
landing gear retracted.
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