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NATIONAL ADVISORY COMMITTEE FOR AEHONAUrICS 

MEMORANQ.llM REPORT 

:for the 

Bureau of Aeronautics, Navy Department 

PO"lER-ON lUND-TUNNEL TESTS OF 'l'RE l/8·SCALE 

MODEL OF THE BREWSTER F2A AIRPLANE HITE 

FULL-SPAN SLcyrTED FLAPS 

By John G. LcnITY 

H1fRODUCTION 

At the request of the ' Bureau of Aeronautics, Navy Department, 
tests were made in the 7- by lO-foot ,.,lnd tunnel of the liB-scale 
model of the Brewster F2A airplane with full-span slotted flaps. 
The object of the tests was to determine the power-on static lateral 
and longitudinal stability of the complete model with a nc,,' "dng 
which ha d 9. full-span slotted flap and a Illain and slot-lip aileron 
for lateral control. 

MODEL 

The l/8-scale model of t ,i1e Brm.,ster F2A airplane was furnished 
by the Brewster Aeronautical Corporat:'Lon and no attempt was mude 
to check -its dimensj, ons. A t h::cee -vie", drawing ' of the complete model 
wi th the original wine is sho"m in fi gure I and of the modified. wi~q, 
in figure 2. The modified wing which has a full "span NACA slotted ' 
flap ,.,as used in t his series of tests . 

The angle of attack of the reference thrust line was determined 
by means of leveling lugs that were fitted into holes previously 
drilled in the fuselage. The stabilizer, elevator , r udder , flap, 
and aileron angles ",'ere set by means of template s furnished with 
the model. 

Power for the model was obtained from a 35 -horsepower 'l>Tater­
cooled induction motor that was mounted within the f uselage contour. 
This motor, designed especially for power-on model tests, has an 
alternator tachometer built into it to measure the x'pm of the 
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propeller.. Power and water leads were run into the model through a 
streamlined fairing which , covered both the leads and the model 
support strut. 

The propeller used in these tests had a diameter 6 percent larger 
than the scale size for the prototype and vT8s probably not geometrically 
similar to the prototype propeller s1nce it consisted of blades 
available at the 7- by 10-foot wJnd tunnel. The blades were mounted 
in an especially designed si:lC-blaa.e hub and. the three-blad.e propeller 
was mad.e by assembling three blades in the hub. 

TESTS AND RESULTS 

Test conditions.- The tests were made in the NACA 7- by 10-foot 
wind tunnel. ,All the tests, except as noted below, were run at a 
dynamic pressure of 16.37 pound.s :per s~uare foot which correspond.s 
to a velocity of about 80 miles per hour under standard. sea-level 
conditions, and. to a test Reynolds number of about 570,000 based 
on the mean aerodynamic chord. of 9.36 inches. The effective Reynolds 
number, Re, was 912,000 based. on a turbulence factor for the 
7- by 10-foot tunnel of 1.6. 

Coefficients.- The results of the tests are given in the form of 
standard. NACA coefficients of forces and. moments based on model wing 
area, wing span, and mean aerodynamic chord. All moments are taken 
about the center-of-gravity location of the complete airplane shown 
on figure 1 (normal fighter , landing Bear retracted). The 
data are referred to the stability a'(es, a system in which the X axis 
is the intersection of tbe plane of symmetry of' the airplane vTi th a 
plane perpenMcular to the plane of symmetry and. parallel with the 
re1ati ve Willd ~i.rection, the Y axis is perpendicular to the plane of 
symmetry, and tre Z axis is in the plane of symmetry and perpendicular 
to the X axis . The coeffidents are defined as follow's : 

CD drat; coefficient (propellers removed) = A.. 
qs 

CD.R resultant-drag coefficient =X 
qs 

Cy lateral-force coefficient =L 
qS 

CL lift coefficient = ~ 
qs 

Cz rolliIlG-moment coefficient about e.g. :::-1.. 
qSb 

t-, 
I -. 

c 
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H 
where 

pitching-moment coefficient about c.g. .... m - --., 
qSc 

yawing-moment coefficient about c.g. =-D­
qSb 

" ' 

X force along X axis; positive when directed backWards 

Y forpe along Y axis; positive when directe'd to right 

L force along Z axis; positive when directed upwards 
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1 rolling moment about X axis; positive when it,' tends to depress 
the right wing 

m pitching moment , abou't Y. axis; positive when it tends to depress 
the tail 

n ; yawing moz.neI:lt ,about Z axis; positive when it tends to retard 
right w'ing 

q ~namlc pressure =- ~pv2 (16. 37 POlUlds- per square foot) 

S wing area (3.265 square feet) 

G mean aerodynamic chord (0.78 f oot) 

b wing span (4.38 feet) 

The followin~ propeller coefficients are used: . . 
T I 

C 
effective model-thrust coefficient = ~ 

qS 
effective propeller-thrust coefficient = T 

py2D2 
advance diameter ratio 

where 

T effective thrust in pounds 

p mass density of air in slugs per cubic foot 

Y airspeed in feet per second 

D propeller diameter (1.36 f eet) 
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n propeller speed in revolutions per second 

rpm propeller speed in revolutions per minute 

Symbols.- Certain symbols are used in the text and figu~es, end 
are defined as follows: 

a. angle of attack of thrust line, degrees 

angle of yaw, degrees'; posi ti ve when nose of model moves to 
right 

angle of stabilizer setting "'ith respect to thrust line, 
, ' degrees; positive with trailing edge down 

elevator deflection (with respect to stabilizer chord), 
degrees; positive when trailing edge of elevator is moved 
do"m 

rudder defle'ction, degrees; positive when trailing edge of 
rudder is moved to left 

flap deflection, degrees; , positive when trailing edge of 
flap is moved down 

aileron deflection, degrees; positi \re when trailing edge of 
aileron is moved down (subscripts R and L denote right 
and left ailerons) 

angle of propeller-blade setting measured at the 75 percent 
radius 

Corrections.- The results have not been corrected for tares 
caused by the model support. 

All the angles of attack, the drag coefficients, and the pitching­
moment coefficients have been corrected for the effects of the tunnel 
walls. The jet-boundary corrections applied were computed as follows: 

Induced drag correction, 

Induced angle-of-attack correction, 00.. 0 
~ 

Pitching-moment-coefficient correction 

S dCm 
6Cm = Daw C" diT CL(57·3) 

(1) 

(2) 



Ali corrections are added to tunnel data. In the aforementioned 
equations: 

o :: 0.115 

0" = 0.065 

C = tunnel cross-sectional area (~·59 square feet) 

dCm ~ change in pitching-moment coefficient per degree change in 
diT stabQizer setting (This slope vTaS furnished by 

bontractor from Ne~ York University power-off data.) 

No jet-bounJaty corrections were applied to the yawing- and 
rolling-moment coefficients. The corrections ~p the rolling- and 
yaWing-moment coefficient are negligible for t~e size of the model 
used. 

Test procedure. - Fropeller cali brati ons '!'lere first made. They 
, cons-~sted of resultant-dl'ag readings at various propeller speeda for 
several blade angles and for both the three- and six-blade propellers. 
The thrust coefficients were then computed from the equation: 

Tc' = CD - C~ 

These propeller characteristics are presented in figure 3. Having these 
data, it was only necessary to vary the propeller speed to obtain the 
desired thrust assuming that the thrust was independent of angle of 
inclination of propeller. The effective thrust coefficients at which 
the tests ",ere made are sho"m in fjgure 3-a. These curves were furnished 
by Mr. Michel, Brewster representative. It should be noted that these 
curves indicate the thrust foY.' constant power for the prototype airplane 
over the speed range. The curves, therefore, represent climbing, 
d1ving, or acceler ated conditions, and there is only one point 011 
each curve that corresponds to steady level flight. 

In making pitch tests, the rpm for each lift coefficient "T88 

determined from figures 3 ffild 3-a. The rpm was set and the angle of 
attack varied until the proper lift coefficient was obtained. After 
the first few runs it was possible to obtain an rprn versus angle 
of attack chart for a gi ven mod.el and power condition. All succeeding 
pitch tests ,.,ere run in this manner. 

The yaw tests were run at consta.l1t value of rpm. From the 
results of the pitch tests and t he cu.r ~;es 3 and 3-a the correct rpm 
for a given angle of attack was obtained for the zero yaw condition. 
This value was then maintained throughout the yaw range. 

/ I 
For convenience in locating results, a resume of the tests 1s 

given in the following table: 

-~--------
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Te~t lover ~No. Prop 
r3 ~f l)e - ~r Type F1gure No. Condition blades Test 

1 -.. -..... ---- 3 20,30 0 0 0 4t:lt 1'hruat 3 

- 0 
Oal1b 

2 Rated 3 30 0 0 0 V-O P1tch It. 6 
3 do 3 30 0 0 0 «"2.50 Yaw 13 
4 do 3 30 0 0 0 a. ': 100 do 5, 1~ 
5 do 3 20 0 0 0 do do , 
6 do 3 30 0 0 -15 do do 15 

7 ~ Rated 3 30 0 0 0 v=o ~itch 6 

8 Wlndmi111ne ~ 30 0 0 0 do do 6 

9 Take-off 3 30 40 0 0 do do 7 

10 Windmi111ns 3 30 40 0 0 do do 7 

11 ~ Rated 3 30 40 0 -15 10 
a. = 114 Yew 16 

12 do 3 30 40 0 0 do do 12, 16 
13 !W1ndmi1ling 3 30 40 0 0 do do 12 

14 -.---------- 6 30 0 0 '0 1jf=<r. trbrust 3 
= 0 Calib 

15 Rated 6 30 0 0 0 \jf = 0 Pitch 4, 8 
16 do 6 30 o +2 0 do do 8 

17 .40 6 30 o -2 0 do do 8 
18 do 6 30 o -4 0 do do 8 

20J do 3 30 40 0 0 do do 7 
20- 1 

3 30 40 0 0 do do 7, 9 2" Rated 

21-E: do 3 30 40 +2 0 do do 9 
22-e do 3 30 40 -2 0 do do 9 

24 Take-off 3 30 40 0 0 ex. ~ -1.76' Yaw 14 

26 Rated 6 30 0 0 0 ex. ~ 10 do 5 
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DISCUSSION 

Blade angle and number of blades.- The effect of the number of 
propeller blades . and propeller-blade angle on the aerodynamic charac-

. teristics .. of the wadel are shown in figures 4 and 5· The curves are 
of value in interpol~tion of the 'results to actual conditions to be 
encountered on the prototype airplane which could not be exactly 
represented on the model. The effect of slipstream rotation as 

. indicated. by these curves is mainly 'on the trim condition and not 
on the stability of the model. . 

Longitudinal stability and contro~. - The eff.ect of the addition 
of the propeller ,to, the model and the application of various amounts 
of pow.er is shown iI?- figure . 6 for ' the model ,'lith the flaps retracted 
and in figure 7 for . the model with the flapc deflected 400 and the 
landing gear extended. With the clean model) flaps retracted) there 
is ' no apparent change in slope of pitching-moment curve with the 
addi ti on of , ~he wi ndmnl~ng pr,opeller, but with the flaps deflected 
there · is ·a sligh~ . decrease in the slope~ : While no attempt was made 
to duplicate th~ idling characteristics of the prototype engine­
propeller installation, the present results are believed to be 
applicable. 

The · application of power 'decreases the slope of the pitching­
moment coefficient curves progressively as the power is increased. 
For the clean model the applicat:l on of rated pOlver decreases the 
slope of the pitching-moment coefficient curve to the condition of 
neutral st.ability at ·the high-speed attitude. With flaps deflected 
the application of rated power ~ecreases the slope of the pitching· 
moment-coefficient curve, dQm/dCL' from about -0.114 for no power, 
no 'propeller; to about -o.oi5 for rated power at a CL of about 0·9· 
These data indicate that the application 'of' full-span flaps to the 
model does not result in longitudinal instability of the model 
with power. .,. 

The addition of the windmilling propeller had the expected effect 
' on the resultant-drag coefficient, that is, the drag was increased 

over the values for, the propeller-off condition. Thi s value, however, 
will vary with changes in blade angle, decreasing as the blade angle 
is increased. 

The addition of the vlindmilling propeller had a negligible effect 
on the elope of the lift-coefficient curve, but gave an apparent 
decrease in angle of attack 'for a given lift coefficient of 0.50 

for clean model and of 20 to 30 with flaps deflected. For both 
conditione of the model, the windmilliPg propeller gave an increase 
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in maximum lift coefficient of approximately 0.25 which was accompanied, 
in the flap-neutral condition, by an increase of 30 in angle of attack 
for maximum lift. The addition of power increases the slope of the 
lift-coefficient curve as the po"rer is lncreased. Sufficient power 
was not available to obtain maximum lift coefficients for the various 
power conditions, but previous tests have shown an increase in maximum. 
lift coefficient with an increa€le in pmTer. 

~ . . 

The effect of small elevator deflections is shown in figure 8 
'for the model "rith flaps 'neutral and in figure 9 for the model with 
flaps deflected. The slight variation' in' resultant-drag coefficient 
in figure 8 between tests 15 and 16 and tests l7and 18 may be the 
result of a slight V'ar1'ation ·,in 'the -blade', fmgle as ' the propeller was 
disassembled bet"Teeri these two series ' of runs; llowever 1 the effect of 
pitching moment 1:s expec'ted to be emall. The pitching-moment coeffi­
cient curves show no 'indication of' tail stall in the lift range tested. 

, . . . .: 
. The elevator angles for trim are given in figure 10 for the 

clean model and i~ figure 11 for the model with flaps deflected. 
The elevator deflections for trim in figure 10 were obtained by 

, interpolation of the pitching-moment data in :figure 8 and 'the values 
of 0e in figure 11 were determined " from extrapolation of the ' 
pitching-moment data of figure 9. These curves indicate that the 
clean model with rated power requires 2° down elev~tor to trim in the 
high-speed 'att'1tude while ' the model with ,flap defl'scted and haJ.,.f­
rated ' power recl.uires about 70 up elevator ' to trim at relatively 
high-lift coefficients. 

An analysis made ' at ' the' Laboratory indic ate E\' the P98Sibility 
that the ' elevator hinge moments may" be so large that the pilot will 
have difficulty handling the ' airplane in the flap-deflected high­
speedconqition because of the large 'up-ele7ator deflections required 
tp tx:im ' the ,airplane., In ' addition, ,because of the large downwash 
ang;Le ,at ,the tail : associated with flap deflection, the elevator 
probably tends to float d.own which means e releti vely large movement 
of the elevator from the position of zero hinge moment. Add.itional 
tests to determine the aD£le of attack of the tail with flaps down 
and p8J.f-rated power "Till 'be made in the 7- by "lO-foot 'Wind tunnel 
as , B,oon ,as the 35-horsepower motor is available for 'tests. In 
addition, tests' ...,ill be mad,e with large elevator deflections to 
determine the elevator deflections for trim with the f lap down. 
It is not considered good practice to extray'olate for the trim 
elevator. angle as was ,d,one for 'preparation of figure 11 because of 
the ,pronounced effect of the elevator defleict ion 'on the 'longitudinal 
Btab~lity of powered models as sho"m in figure ,8. 

Lateral stability. - The, 'eff'e:c-t 'of angle of attack, flap deflec­
tion' and power on the aerodynamic characteristics in yaw of the model 



is given in figures 12 to 14 and the effect of rudder deflection is 
gi ven in figurea 15 and 16 for the clean model and model wi th flap 
deflected and landing gear extended . ; 
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The addition of power to the model with windmilling propeller 
and flap deflected, figure 12 changed the slope of the rolling -mornent­
coefficient curve, del/d",, ' from 0.0013 for propeller vindmilliw3 ' 
to -0.0005 for half-rated power. , The effective dihedral for the 
clean model in both the high-speed ' and high angle-of-attack condition 
is satisfactory; hovTever, there is a decrease in slope of rolling­
moment-coefficient curve with angle of attack (figs. 13 and 15)· 
A comparison of the rolling-moment-coefficient curves of fi gures 14 
and 15 shows that obtaining a given lift coeffi cient by deflecting 
the flaps decreases the slope of the rolling-moment-coefficient 
curve more than obtaining the same lift coefficient by increasing 
the angle of attack. There is, ho",ever, a slight increase in power 
in the flap-deflected condition but it is believed this slight 
increase does not affeQt the slope of ,the, curve to any great extent: 

The rolling-moment instabili ty indicated with pOi-rer and flaps 
deflected has been observed on all powered models tested in the 
7- by 10-foot wind tunnel of airplanes "'ith very low p'C)l;er loadings. 
It has also been observed in flight and it indicates inability to 
"pick up" a wing r,i th the rudder when flying with flaps dOim at 
moderate or large thrust coefficient s. 

The addition of power to the model ,dth flaps deflected shifted 
the trim angle in yaw fl"Om -1. 50 for propeller "Tindmilling to -l~ 
for half power and also increased the slope of the yaw'ing-moment­
coefficient curve. The increase in POVTer also increased the slope 
of the lateral-force coefficient cur;e (fig. 12). 

The deflection of the rudder has no effect on the slope of the 
rolling- or yawing-moment-coefficlent cu:cves but shifts the trim 

10 
angle ~ per degree of rudder deflection f or the flap neutral con-
dition and 10 per degree of rudder deflection for the f lap deflected 
condition. Thus, it would requIre about 150 rudder to trim 'the model 
w'1 th flaps deflected but only about 90 rudder w'i th the flaps neutral. 
The vertical tail shows indication of stall at about 300 yaw for both 
model conditions. Since no attempt was made to represent exactly the 
slipstream rotation of the prototype airplane in the model tests the 
actual rudder deflections may be different on the airplane from those 
sho'Ym for the model. Tests of the powered models have indicated that 
rudder deflections for trim are best determined when the model and 
prototype propellers are operating at the same thrust-torque ratio. 
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No aile:con tests were made with the pm-Tered ·model since it is 
believed that the data presented in reference 1 without power are 
applicable. 

Langley Memorial Aeronautical Laboratory, 
National AQvisory Committee for Aeronautics, 

Langley Field, Va., August 21, 191~1. 
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1. Lo~~y, John G.: · Power~OffWind~Tunnei Tests of the l/8-Scale 
Model of the Brewster F2A Airpiane. NACA MR, June 21, 1941. 
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