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SUMMARY

Tegts were made in the LMAL 7- Ddy 1l0-foot tunnel to

. determine tkhe effect of direction of propveller rotation

on the gstatic longitudinal- and lateral-stadbility
characteristics of the 1/10-pcale model of the Horth
American B-238 airpleans.

The regults of the present investigation indicate
that the mode of propeller operation has a conalderable
effect upon lateral and longitudinal stabllity and nmay -
have an effect upon propulsive efficlency. The best mode
of rotation from conslderation of stabllity 1s dependent
upon the fllght condition and algo upon the configuration
of the airplane.

INTRODUCTION

. Tepts wore made in the LMAL 7~ by 10-foot tunnel to
determine the effect of the direction of propeller rota-
tion on the effective thrust cosfficients and the gtatio.
longitudinal~ and lateral-stability characteristics of
the 1/10-scale model of the North American XB-268 airplane.:
Jiogt of the tests. were repeated with each of three modes
of propeller rotation: +tips of both propsllers coming up
in the center (designated PyyPgp). tips of both propellers
g0ing down in the center (PIBPBL)' and right—-hand rotation
of both propellers (P3pP3p). Power-on static-stability
tests were made of the wing alone, of the wing and fusgelage,
and of the wing, fuselage, and tail with the model in the
high-speed condition and in the landing condition. With
the model in the landing condition, high~14ift flaps ‘were
edded below and ahead of the allerons to simulate a full-
span duplex-flap arrangement.. ‘(See reference 1.) A few
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power-off tests were made of the allerons in combination
with thlg flap arrangement.

Four edditional tests were made to indicate the effect
of mode of propeller rotation upon effective thrust coef-
ficients. A dPrief discussion of the test results 1s included.

It is degired to acknowledge the courtesy of KNorth
American Aviation, Inc., in making thelr model availadle for
thip investigation after the completion of the original
program for the model,

MODBL

The 1/10-scale model of the North American XB-28 airplane
wag furnighed by Horth American Avietion, Inc. and no attempt
wag made to check its dimengilons. The propeller modes and
the model designations iused in this report are those of North
American Aviation, Inc. 4 three-view drawlng of the complete
airplane without the duplex flaps 1lndicated 1s shown in fig-
ure 1. In figure 2(a) a three-quarter front view of the
complete model wlth duplex flaps deflected, landing gear ex-
tended, and propellers on 1s ghown mounted in the tunnel.
Pigure 2(b) 1e a three-quartser rear view of the model in the
game condition. In figure 3(a) 1s shown a three-quarter
front view of the wing with duplex flaps deflected, split
flap deflected over the center section normally covered by
fugelage (only a few wing-alone landing-condition tests were
run with aplit flaps in the center section), landing gear
extended, and propellers on ag mounted in the tunnel. 1In
figure 3(b) 1s shown the gama model configuration but from a
three-quarter rear view. 4 typlcal gection of the outboard
flap of the duplex flap arrangement 1s shown in figure 4.

The fuselage flllets were made of fillet waex. The angle
of attack of the reference line was determined by means of
leveling bar furnipghed with the model. The flap and control-
surface deflections were get by means of templete. The
propeller-blade angles at the 7b-percent-radiusg station were
gset by means of a protractor. The turrets and the perlscopes
were not lnastalled.

OPERATING PROCEDURE

No equipment was readlily avallable to measurs the
torque or power output of the model motors. ¥or thisg reason
the only power parameters determined were the propeller-bdlade



angle, the effective thruet coeffioionﬁ. and the advance-
diameter ratio.- ' -

The test procedure adopted (see .reference 2) was to

-make :propellér<calibration tests (fig. -5).at thé propeller-

blade ‘angles and the tunnel gpeed (1n.order to elimlnate
Reynolds number effects) to be used for the tests. The
calibration was made for only one mode of rotation dbut was
used for 'all modes of rotation. For each test the propeller
speed wap adjusted in such.a way that for each 1li1ft coeffi-
clent the effective thrust coefficlent, as determined from
figure 5, matched the effective thrust coefficients of the
airplane. The airplane power conditions are given in fig-
ure 6. Tho yaw tegts were made at a constant velue of pro--
peller speed corresponding to the proper value of effective
thrust coefflclent for zero angle of yaw.

TESTS AND RESULTSH

Tegt condiltio ng.- The tests woere made in the LMAL
7- by 10-foot tunanel. ' .(8es reference '3.) All the tests
with'flape neutral were run at a dynamic preassure of 16.37
pounds per square foot,.which corresponds to' a veloclty of
about 80 milea per hour under standard sea-level conditiong
end to a test Reynolde number of about 730,000,. baged on
the mean aerodynamic chord of 12.009 inches. Ihe effective
Reynolds number Rg Wwas about 1,170,000, based on a turbdu-
lence factor of 1.6 for the 7~ by 10-foot tunnel.: The
tests with flaps deflected were run at a dynamic pressure
of 4.09 pounds per square foot, which corresponds .to a
velocity of .about :40 miles per hour under standard gea-
level conditions, a test Reynolds number of about 365,000,
and an effectivd Reynolds number .ofr.about 685,000, -

Coefficientpg.~ The results of the teets are given in
the form of standard NACA coefficlents of forces and moments
baged on model wing area,.wing span, and mean serodyfamic
chord.” All moments are given about the center~of-gravity
location on the fuselage reference line and at 26 percent of
the meah aerodymamic chord. The data are referred to the
gtadbility axeq, a.uyatem_in which.the  X- azisg is the inter-
section of ‘the plane of symmetry of the alrplane with a
plane perpendicular to the plane of aymmettry and parallel

"to the relative wind direction, the Y:'axi§ is perpendic-~

ular to the plane of pgymmetry, and the 2 axlg is in the
plane of symmetry aqg perpendicular to the X axig. In




4

other words, the stabllity axes are the regular NACA wind
axeg roteted in yaw with the model. The coefficilents are
defined as follows: . '
Cp drag coefficlent, propellers removed (X/qS)

Cp, resultant drag coefficient (X/q8)

Cy lateral-force coefficient (f/qﬂ)
OL -1ift coefficient (2/g8) .

0, rolling-moment coefflcilent about center of gravity
(1/qsb)

Cm pltching-moment coefficilent about center of gravity
(m/q8c)

Cn yawing-moment coefficient about center of gravity (n/qsb)

' ae‘)

ptatic lateral-force derivative Y

o7, (3
ac,
static rolling-moment derivative EW;
c static .yawing-moment derivative (%ﬁ%)

T,' effeative model thrust coefficlent (T,'/q8)

T, ©ffective propeller thrust coefflclent _Eg_g = 0.876 xT !
where TR

X force mlong X axls, posltive when dlrected backward
force along Y axise, poaitive'whqn directed to right

force along 2 axlag, positive when directed upward

«~ N

rolling moment about X axlsg, positlve when it tends
to depress right wing

m- pltching moment about Y axis, positive when it tends
to depress tail

n yawing moment about the 2 axis, positive when it
tends to retard right wing



q dynamic prepsuie (%.pvd> (16.37 op-4.09llb/gq £%)
g wing area (6.759 gq ft)

c mean aerodynamic chord (1.001 f£%)

b wing span (7.261 ft)

V/nD advance-diameter ratio

Te effective thrust per engine, pounds

Teg! total effective thrust, pounds

P mags density of air._alﬁgs per cubic foot

Y alrspeed, foei per gecond

D propeller diameter {(1.388 ft)

n propeller gpeed, revolutliong per second

N Propeller gpeed, revolutions per minute

and

a angle of attack of fuselage refersonce line, degrees

(o 2 uncorrected angle of attack of fugelage reference
line, degrees

v angle of yaﬁ. positive when nose of model moves to
right, degrees

1 angle of gtabilizer setting with resgpect to fuselage
reference line, posltive when tralling edge moves
down, get at 1.5°, degrees

8g alleron deflectlon with respect to wing chord, positive
when trailling edge of eileron moves down, degrees

8¢ flap deflection, positive when trailing edge of flap
moves Gown, degrees

8 alevator deflectlon, positive when trailing edgé of
elevator moves down, degrees
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rudder deflection, positive when trailing edge of
rudder moves:.to left, degrees

8y

B angle of propeller-blade setting at the 7H5-percent-
radius station

Subgeripte:

R right

1 inboard portion of duplex flap
3 outboard portlion of duplex flap

Correctiong.— The 1ift, drag, and pitching-moment
coeffizients, except for the wing alone, have been approx-
lmately corrected for tares cauged by the model support.
Thege taresg for the complete model, with propellers off and
at zero yaw only, are given in table I. They were obtained
from testes of a glmilar model with a dummy asupport. No
tare corrections were made for tkhe wing alone. :

The angle of attack, the drag coefficlents, and the
pltochlng-moment coefflcients have been corrected for the
effects of the tunnel walls. The Jet-boundary correctlons
applied were computed ag follows:

Induced-drag correction,
8

Ac =85 8¢ (1
D, 5 oL )
Induced angle-of attack correction,

Day = s'g- ¢y (67.3) (2)

Pitching-moment-coefficlent correction,

¢y (57.3) Jqo7__q; (3)

8 ac

All corrections are added to tunne)l data. In equations (1),
(2), and (3):
Ga = 0.080




0 tunnel cross-sectional area (69.59 sq ft)

aCp

i change 1ln piltching-moment coefficlent per degres
t change in stabllizer pgetting as determined from

pFevious tests of model with flaps neutral and
deflected and with power on and power off

9, free—-gtream dynamic pressure

95 average dynamic pressure across tall gpan

gubgtitution of the varlious factors in the equation
gives the following simple, approximate formula for flaps
elther neutral or deflected, power on or power off:

" A6y =70.015 Oy,

Ho Jet-boundary correctlions were made to the rolling-
moment or yawing-moment coefficients. The corrections may
be applied by use of the following approximete formulas,
which were derlved for the unyawed model dut which may be
uged to correct the lateral and directional stadbility
criterions determined 2t small angleg of yaw:

ACy, = 0.974 AC, (4)
Ve Yu

. | ]
AC = AC - 0.016 AC G, + 0.074 AC (5)
nyc nyu Lyu L ' 17u

where the gubscripts may be defined és follows:

y increments due to yaw (dihedrai effect)
<] _. corrected values
u uncorrected values, which are given, without subdb-

scripts, in the figures of test results

It ghould be emphasized that the increments of roll-
ing moments and 1ift coefficiente used in equations (4)
and (b) dre due to the wing and flaps alone..and do not in-
clude the effecta of power, model easymmetry, the tall gur-
faces, or the fugelage in producing 1lift or rolling moment.



Tor convenlence in locating the results, a résumé of
the tegts and of figures in which the results are presented
ig given in table II. Also, the abbreviations used to
deglgnate the various model conditlong are given.

DISCUSSION

Power-on gtatic-gtablility tests were made of the wing
alone, the wing and fuselage, and the wing, the fugelage,
and the tall purfaces for three modes of propeller rotetion
and two representative model conditiong. The tests are,
of courge, not complete enough to determine interference
effects, but they do provide some insight into the contri-
bution of the varilous components of the model to its gta—-
bility characteristics for the conditionse tested. The
pitch teasts were made at +5° yaw and were used not only to
obtaln a meagure of the lateral-stabllity derivatives but
algo ag a measure of the longitudinal-gtadbility character-
igtics of tkhe model. This method of obtaining longitudinal-
stabllity characteristlcs 1s consldered to give a reasonabdbly
good approximatlon, and 1ts accuracy may be egtimated from
the data pregented for the yaw tegts, which show the differ-
ence between the pitching moment at 0° yaw and"iso yaw.

In any cepe the 1lift, dreg, and pitchling-~moment data are
pregsented for both the +56° yaw rune 1lm pitch.

The maximum 1ift coefficlent of the model with full-
gpan duplex flaps was about the same ag obtained in unpudb-
lighed tests previougly made on the same model with partial-
spen flaps becauge of the manner in which the wing stalled.
The stall might occur differently at full-scale Reynolds
nunber. Below the ptall the addition of the flape at the
wing tips increased the 1ift coefficlent by about the ex-
pected amcunt and, relatlive to thelr effect upon the sta-
bility of the model, the duplex flaps were thought to De
ropreasentaetive of practical arrangements of full-sgpan flaps.

Some of the wing-alone tests, wlith the wing in landing
condltiong, were repeated with gplit flaps added to the
center section normally occupied by the fuselage (fig. 3).

The statlc-ptadility data are presented in figures 7
to 18, which ghow the effect of mode of propeller rotation
on the various characteristics in yaw and in pitch for each
model and power condltion tested. Tests with the propeller
removed are pregented for the landing conditlion for compar-
igon. It was not conslidered necessary to dlscugs the




figures individually, only general trends are pointed out.

The regumé of the tests, previously given, and the titles

on the figurew are self-explanatory. .
Longitudinel gtability.- The curves ghowiang the vari-

ation of piltching moment with angle of attack 1lndicate

that mode of rotation has some effect on the magnitude of

the pitching~moment (trim) but has little effect on the

static longitudinal etability for the wing alone or for

tho wing plus fuselage.. The fugelage is degtabilizging.

The wing alone with flapg neutral 1s unstadle; the wing

alone with flaps deflected 1s slightly stable; and the wing

alone with fugselage and flaps 1s Just about neutrally stable.

The tall gurfaces are stebllizing for all modes of rotation

on the clean model and for rotation mode PlRPZL on the

--model with flapa deflected. The tall surfaces do not mate-

rlally change the stabllity for the model with flaps-de~
flected and rotation mode PjpPsg but decrease the stabil-
ity slightly for rotation mode P31 P2p. The coumplete model
wlth flaps neutral hag the greatest stabillty with rotatlion
mode Pj3pPop is 'slightly less stable with mode P, rP2R’

and 1g leagt stavle (even unstable over high angle-ofsattack
range) with rotation mode P3pPpy (fig. 17). The complete
model with dunlex flapng deflected, however, ham the greateast

‘stability with mode PipPzy+ 18 slightly less stadle with

node . PjgPppy &nd has the least stadllity with mode Py1P2gR-
The difference in etability and trim of modes Pj;pPpp and
PjyPpp with the duplex fleps 1s about the ‘seme ap with the

partial-gpan flaps, as shown by unpublighed data. It 1s
probable that these two modes of rotation would give abdbout
the game stahility 1f the taill aetting waa adJueted to glve
the game trim. : A _ -

The contragting-effects of mode of propsller -operation
upon the gtabllity for the conditionsg with flapsg neutral and
with flaps deflected are rather a@ifficult to explain. -Only
the main arguments as they apply to this model are indicated
although several different effects must be considered "in the
general cage. TFor the condition with flaps neutral the'-
gsheared and glizhtly distorted slipstream papeses over the
tail and the effects of slipstream rotatlion are asg would be
expected. ¥Yor the condition with fleps deflacted, however,
the increased downwagh dileplaces the elipstream further
downward and the glipestream shearing, the rotation damping,
and the distortions are greatly increased. .The direct ef-
fect of rotation 1¢ almost entirely eliminated at the normal
tall location, since the slipstream passes below the tall,
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and therefore the maln component of rotatlion is along the
tail span (sidewagh) rather than normal to the tail gpan
(downwash). The indirect effect of rotation is thusg more
important for the condition with flape deflected than for
the condition with flaps neutral. Thls indirect effect

is glmply thet a different portlon of the sheared mand diga-
torted slipstream fleld 1s passed near the normal tail
locatlon for the different modes of rotation. The portion
of the downwash field near the normal taill 1s more desgta-~
bilizing for the propellers rotating up in the center for
thig model. Alir-flow surveys behind similar twin-engine
models made at the Laboratory also showed thilg difference
in the effects of mode of propeller rotation on the downwagh.

Longitudlnal trim changeg in yaw.~ The variation of

pltching momeat with angle of yaw lg apparently a complex
function of the mmode of rotatlion and the model condition.
The curves of pitching-—moment coefficlent agelnst angle of
yaw were reagonably symmetrical about the zero yaw axis

for all model conditionsg for the sgymmetrical modes of rota-
tion (PlLPZB and PlRPZL)‘ For the unsymmetrical mode

(P1gPgy) there was a marked increase in the stalling

moment over the nogitive yaw range and a marked decrease

in the stalling moment over the negative yaw range for the
wing-alone cases (figs. 7 and 8). The addition of the -
fugelage reduced the difference between the unsymmeirical
mode and the symmetrical modes. The further addition of

the tall (complete model) resulted in a very unsymmetrical
pitching~-moment angle-of-yaw curve for the ungymmetrilcal
mode of rotation. The magnitude of the increment of pitch-
ing moment due to yaw is, in general, large for the complete-
model condition.

Directional gtability.- Power lncreases the directional
ingtability of the wing with flaps. The fuselage increages
t2e ingtabllity. The tall gurfaces make the model gtables.
Mode of rotatlon does not appear to have a great deal of
effect upon the stabllity for the condition with flaps neu-
tral but has some effect for the condition with flaps de-
flected. It eppears from figure 18 that for an a greater
than 5%, PypPpj 18 the most etable mode, P;pFpp mnext,
and Py Pyp the least stable; for o less than 5% the

order 1s reverged.

Directional trim.- The mode of propeller rotation hag

a large effect on directlonal trim and on the general shape
of the yawlng-moment curves for the condition with flaps
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deflected. The smallest changes in trim due to propeller
operation are assocliated with--the- symmotrioal rotation
modes.

Rolling .tabilitz.- The moael with flaps neutrQI in
stable in roll with all rotatlion modes. Mode P1pPpy ~ 1is,
in general, the most stable,  PypPpp  next, and Py yFzyp

the least gtable. With flaps deflected tine model ig astable
only in the low-1lift range with power. .The tail ‘surfaces
are ‘ptabilizing. In the high-1ift range the least loss in
stabllity due to propeller operation is obtained by uge of
mode PP+ the other modes belng approximately.equal

. oyer this range. The greatest stability, however, ower
the lov-1lift range regulted from the use of mode Plezn'

 Lift and effective thrust.- The mode of rotation
P1;Pogp (with the tips of both propellers coming up 'in the

. center) gave ;the highest 11ft and greatest effective thrust;
tre wode of rotation P3gPgp (with both right-haend vropel-

lers) zave & meditvm value of 1ift and effective thrugt; and
the mode of rotation PypPpy . (with the propeller tips go~

ing down in center) gave tue lowesnt 1ift and effective
thrust for a given angle of attack for the model. The spe-
clal effective-thrugt tests (figas. 19 and 20) algo showed
thls effect. Although the torque was not directly deter-
mined, there was no measurable dlfference in tha minimum
current 1lnput to.the.motores (an indication of the torque
for these motors) due to mode of rotation. The effective
tarust-coefficlient data of figure 19 were computed directly
from the meagured power-gn..and power-off dragps of the model
at the given tunnel angleg of . attack; that lg,.the data are
uncorrected foér the. increased induced drag due to.the in-
creaged lift reiulting from the action of the slipstream.
The increase in effective thrust for rotation mode P3yPay
over that for PyRpPgr1 - appears to be due to better wing-
- .nacelle 1nterference for the rotation mode with proneller

" tipa coming up oan the 'inboard .slde of .the nacelle; "that 1ig,
the slipstreem twlat accompanying this mode of rotation
improves the pressure’ recovery over the nacelles. )

Thig 1nterpr&tation is uupported by #ubsequent tests
of a model of another twin-engine.airplane,  in which the
most efficient mode of rotation was found to-be with the )
tipes of both propellers golng down in the center. The dilf-
ference .of model ‘conf Yguration is thoughkt to account for
the difference of 1nterferqnce effects. :
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Becauge of the low gcale of the pregent tests and the
large variation of interference phenomena that may accom-
pany changes of scale, 1t 1ips recommended that the effect
of mode of propeller rotation on propulsive efficiency be
determined at higher Reynolds numbers. The 1i1ft data of
figure 20 include all components of 1lift acting on the wing-
propeller unit. The thrust component in the negative 1ift
direction is apparentlg the greatest component of 1lift for
the runs at ay = -4.8

Power—-off mileron teptpa.~ The effects of alleron de-
flection on the aerodynamic charecteristics of the model
in the landing condition at gzero yaw, power off, are ghown
. 1n figure 21. The alleron rolling~moment effectivensss is
‘not lirear and falls off rapidly with pogitive deflections
greater than about 10°, possibly because of the low scale
of the tegts. The amount of rolling moment due to an ail-
.leron deflection of -20° varies markedly with model attitude.

More recent unpubllghed tests of alleronsg with duplex
flapsg on a large somiaspan wing showed that the allerons
probably would have been more powerful provided, the
balanced split flaps had been located farther below the
wing (lerger gap) and farther .back. The change in 1lift
characteristics due to moving the flap to thlg new position
appeared to be negliglhble. :

CONCLUDING REMARKS

The regults of the pregent ‘Invegtigatlon indicate that
the mode of propeller operation has a conglderable effect
upon laterel and longitudinal stabllity and may have an ef-
fect upon propulsive efficlency. The best mode of rotatilon
from congiderationg of atadllity i1s dependent upon the
flight condition and &lao upon the configuratlon of the
airplane. Oppositely rotating propellers with the tips
coning up in the center apveared to give. the highest pro-
pulgive efficlency for the wing-nacelle arrangement used
in the tests. Because thig effect wag attridbuted to inter-
ference, it should be carefully checked at higher Reynolds
numberg. Only a brief analyels hag thus far been made of
the regults of the present invegtlgatilon.

langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronauticas,
Langley Field, Va.
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TABLE I
SUPPORT STRUT TARES USED IN COMPUTING
THE COEFFICIENTS

[Tares were determined for a model eimilar to the XB-28 model)

Oy ACT, . ACH ACh

(deg)

-10 - -0.004 0.0062 -0.003
-9 -.002 .0062 -.003
-8 -.001 .00566 -.003
-7 .001° .0063 -.004
-6 .002 .0049 -.003,
-5 .003 .0046 -.003
-4 .001 .0043 -.003
-3 -,001 .0039 -.002
-2 -.002 .0037 -.002
-1 -.004 .0033 -.002

0 -.006 .0031 -.002

.5 -.007 .0029 -.002
1 -.008 .0028 -.002
2 -.009 .0025 -.002
3 -.007 .0022 -.002
4 -.005 .0020 -.002
5 ~-.003 .0017 -.003
6 -.002 .0015 -.002
7 -.001 .0012 -.001
8 -.001 « 0010 -.001

10.6 o) 0 0







16 TABLE II FACA
7/ 4
RESUME OF TESTS AND FIGURES
Model description
Propellen . v e
rotation ] Sy S o 1, (deg) | (deg) Power q
Teat| Configuration | Condition ?o$o (deg)| (deg)| (deg)( (deg)| (deg) (v) (v) condition| (1b/sq ft)| Figure
) a8
110 | Wing+fuselage !High-spoedl PygPor, 40.86 o] 5 CRated 16.37 13
: power
1 =i do === - do - ] 40.5 [ 7.8| -do-- 16.37 | 11
112 ! -=- do ---! - do - '40.5! © -5 -do-- 16.37 . 13
cee- dO ===-- . —- : -5 -do-- .
113 i do do i PypPop | 40.5 o | do 16.37 | 13
114 e d0 ==~ - do - ‘ 40.5 o ' 7.8 | -do-- 16.37 | 1l
118 i we= 40 ==~ - do - 40.% o 5 ~30=- 16.37 , 13
116 | ---- do ----- --- do --= Py P 40.5 0 5 -do~= 16.37 | 13
£ 117 ' eme= do =---= i —e= do === = do -  40.5 0 7.8 -do-- 16.37 1
I 118 {ec- d0 -=- - do - 40.5| O i -5 -do-- 16.37 SR
119 --- do --- =~ do - 40.5 0 o) 0 ; 1.5 | -4 -do-~ 16.37 17
120 --- do === = do - 40.% ) 0 0 | 1.5 7.8 <do-- 16.37 15
121 ---do --- =-do- 40.5° O 0 0 1.5 | 4 l -do-~ 16.37 17
-— —— i . - -
122 , do P Pop 0.5] 01 o o { 1.8, 4 I -do 16.37 17
| 123 ~e- 30 === - do - 40.5. O 0 0 | 1.8 | 7.8' -do-- 16.3 15
I 124 -~ doe-- -do- 40.5 ©0 - O 0 | 1.5 l -4.9 i -do-- I 1e.37 17
8 —— —— P ' ' - - - .
125 do PipPor  40:5 0 o o 1.5 1 -4.9 i -do | 16.37 17
126 : == d0 --- - do - 40.5 O 0 ' 0 1.5 i 7.8 -do-- | 16.27 15
127 we= d0 === - do - 40.5 c 0 0 1.5 | 4.8 i -do-- 16.37 17
128 --= do --- - do - 40.% ) bos -do-= . 16.37 9
129 . w-= do --- =~ do - 40.% 0 ' : i 7.8 ‘ ~do-- 16.37 7
13C | --= do === - do - 40.5 0 : | -5 | -do-- ! 16.37 9
x R - . - H - -
131 : do Py Pp  40.5 0 : : | 5 P -do 16.37 9
132 | —e= @0 === =~ do - 4C.E O ; - 7.8 ! -do-- 16.37 7
133 == 30 --= - do - 40,5 O | Dos | -do-- 16.37 9 |
— . ~do-- !
| 134 i do PipPop  40.8 0 0 , | : 5 i | -do 16.37 I 9 |
[ 188t -c-n do ----- -e- do --~ = do - 40,5 0 ! ! b7.8! -do-- ©16.37 1 7
1 136 | ---= do ==--= 1==-do --- - do- 40.5, O -5 | -do-- 16.37 g |
| 137 | Complete model Landing =30 0 o] 1.5 0 No pro- l 4.09 21
t ; cellers |
0138 ¢ --- do --- d_20 0 0 1.8 0 -do-- 4.09 ; 22
139 | --- do --- é-10 0 0 1.5 o | I -do-- 4.09 21
' 140 . -—-- do --- do ¢} s} 1.8 o | -do-~ . 4.09 21
i 141 --- do --- dio 0 G 1.5 o -do-- " 4.09 P21
. 142 [ eew do =--- dz2o 0 0 1.5 o -do-- a.09 21
142 --- @0 === P__P_ 7.1 0 0 0 1.8 5 | €Taxe-off 4.09 i 18
; 1R 2L _ : power
, 144 we- do === - do -  27.1 ) o 0 1.5 6.8 -do-- 4.09 ' 16
| 145 -e- do -== - do - " 27.1; O 0 0 1.5 -5 -do-- 4.09 18
| 146 === do == PypPpy  27.1: O 0 0 1.5 -E -do-- 4.09 18
i 147 - f - do- .27.1 o 0 0 ;1.5 ! 6.8 -do-- 4.09 | 16
—— - do - . 27.1 0 ) 0 1.5 5 -do-- 4.09 18

148

8pefinition of symbols:
P left~-hand motor,

lenge of values indicated when numerical values
€1625 hp. at 25,000 ft.

1R

right-hand propeller

P right-hand motor, right-hand propeller

2R
P1L

left-hand motor,

left-hand propeller

P right-hand motor, left-hand propeller

2L

Values of &, .
R

€2000 hp at sea level.

are omltted.
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’ ’
RESUME OF TESTS AND FIGURES - Continued

Nodel description
a
s . _ Propeller v u
rotgtion B L 8, o, i, (deg)| (deg)| -Power q
Test Configuration | Condition To?o (deg) {(deg)| (deg)| (deg){ (deg) (v) (v) | condition| (1b/sq ft)| Plgure
a
149 Complets model] Landing PP 27.1| o 0 o 1.5 4.9 ®Tale-off| 4.09 18
1R"2R power
150 | =~=-= d0 e-~e-= | a=e do ---| = do- 27.1! o 0 0 1.5 6.8| - do-- 4.09 16
161| -==c do ===a= | === do ===| - do- 27.1 0 0 0 1.5 | -5 - do-- 4.09 18
- 152 | Wing+fuselage | --~ do ---| - do- 27.1 o] -5 - do-- 4.09 14
155 | === dO -=--= === do ---| -do- 27.1} © 6.8 - do-- 4.09 12
154 | ===~ d0 ==eee | ~e= do ===| . do- 27.1| © 5 - do-- 4.09 14
4 . —— —_— C do-- X
185 do PirPor 27.1| © 5 do 4.09 14
156 | --=m aee do ===! ~ do~ 27.1] © 6.8| - do-- 4,09 12
157 | =-=-- == do ===| - do- 27.1] © -5 . -do-- | 4.09 14
158 | ---- --- do === PP 27.1| © ’ -5 i -do-- 1 4.09 14
159 | --e- e=- do ===-| - do~- 27.1| © ! 6.8, - do-- :-gg i2
160 —— a~= do ==-~-| ~ do- o] i 5 | - do-- . 4
181 Wing alone --- do =~el - do- 27.1‘ o} \ .1 1 - do-- 4.09 10
162 | --ec do eo--- -=- do == - do- 27.1 0O | ; 6.8 - do-- 4.09 8
163 | ---- -e- @0 -=-| -do- | 27.1] © | f-s - do-- 4.09 10
164 | ---- -== do ~--| P P, | 27.1] O ‘ i ‘-5 ! [ - do-- ; 4.09 10
165 ! --—= do =---- == do ---i - do- 27.1] © , 6.8 - do-- ' 4.09 8
166 | -—- do ---| - do- 27.1, © | 5 - do-- 4.09 10
7 i —-oc do =---n - - . - do-- .
16 i do do ! P pPon 27.1] © | 5 i ' o . 4.09 0
168 ° ---- --- do ---; =do- | 27.1 O €.8. - do-- 4.g99> 18
169 | ---- --- do ---| - do- 27.1: O -5 | - do-- 4. X
170 ¢ Complete model High-speed| P P, 27.1 0 0 \ 0 1.5 ‘ o} 0.6 ' Thrust . 4.09 ! 5
' . ! call- :
; ! | i | bration
171 -==- d0 ~--~« | Landing . o] o | 0 1.5 4.9 Nolpro- 4.09 18
i pellers
172 | --- do ---! ot o ] 0 | 1.5 | 6.8 | = do-- 4.09 16
173 do ---i o | o ;o0 1.5 |-4.9 . - do-- 4,09 18
174 %ing do === I o | ) - do-- 4.09 i 14
175 | ---< 4 do ~--i i 0 : 6.8 - do-- 4,09 12
176 | ---- do ~-=; 0 : -5 - do-- 4.09 14
b | “uine o SR LTI S B
0 —-=| : ; : . - do-- . i
179 do --- o ! . fes - do-- 4,09 ' 10 |
180 | BWing do ~==i P._P 27.1 o0 ! ; -5 eTake-off'  4.09 - 10 !
© TIR"2R . X | ' power , I
181 | ---e do ----- -=- do --- -do- ' 27.11 0 ; | 6.8 -do-. ! 4.09 ; 8
182 | ---= Ao --=mm ame do ===; - do- ‘ 27.1; © ] : rs | ~do-- |  4.09 0
I ! | | | © Thrust | i
183 . Wing alone High-speed| F__p, © 40.51 © | 0 -4.8  call- 16.37 . {19
1L'2R : ! ' . bration 20
184 | ---- do =---- --- do ---‘ - do-- ( 40.5| © | "o 8.0 - do-- 16.37 1%8 '
185 | ---- 4o =-soe |-o- do -e-l PP ) 40.5] O | | j © | ~1.8 ] -do-- i 16.37 |48
! i | | ' .
186 | ~-=- do --=--= --- do ---J -~ do-- | 40.5{ © ] . 1 L ° i 8.0 | - do-- | 16.37 32

8pefinition of symbols:
PlR left-hand motor, right-hand propeller

PZR right-hand motor, right-hand propeller
PIL left-hand motor, left-hand propeller
P2L right-hand motor, left-hand propeller
bRanga of values indicated when numerical values are omitted.
82000 hp at sea level.
fWithout center-section aplit flaps.
gWith center-section split flaps.
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NACA Fig. 2

Figure 2a.- Three-quarter front view of the 1/10-scale model of the
North American XB-28 airplane.

Figure 2b.- Three-quarter rear view of the 1/10-scale model of the North American
XB-28 alrplane mounted in the 7- by 10-foot wind tunnel. Horizontal tail
He7.5 duplex flaps deflected, landing gear extended, and propellers on.



NACA Fig. 3

Figure 3a.- Three-quarter front view of the wing of the 1/10-scale model of the North

American XB-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex
flaps deflected (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.

Figure 3b.- Three-quarter rear view of the wing of the 1/10-scale model of the North

American XB-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex
flaps extended (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.
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