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NATIONAL ADVISORY COMMITrEE FOR AERONAUTICS 

MEMORANTJUM R,.":l'ORT 

for. the· 

Bureau of Aer onauti_oa" Navy Department 

POWER-OFF WIND-TUNNEL TESTS OF THE lIB-SCALE 

MODEL OF THE BREWSTEH F2A AIRPLANE 

· By John G. Lowry 

INTRODUCTION 

At the request of the Bureau of Ae."onautics, Navy Deportment, 
tests were made in the 7- by lO-foot wind tunnel of the 178·8cale 
model of the Brewster F2A airplane. The object of the tests was to 
determine t he pmfer-off static lateral and longitudinal stability and 
contr ol of the oomplete lllodel. 

MODF.L 

The 1/8-scale model of the Brewster F2A airplane was furnished 
by the Brewster Aeronautical Corporation and no attempt was made to 
check its dimensions . . A three-view drawing of the complete model 
wi th the original "ling is sho"m in figure 1 and. a three-view drawing 
of the modif i ed wing is shown in f igure l{ a}. The modified wing haa 
a full-span NACA slotted flap and both plain and slot-lip ailerons. 

The angle of attack of the reference line was determined by 
means of leveling lugs that were f~.tted into holes previously drilled 
in the fuselage. The stabilizer, elevator, rudder, f lap, and aileron 
angles were set by mean.'3 of tem:ple·ts furn:!.shed with the model. 

TESTS AND RESULTS 

Test cond1t10ns.- The teats were made in the NACA 7- by lO·foot 
wind tunnel. All the tests were run at a dynamic ' pressure of 
16·37 :pounds per square foot which corresponds 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 
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chord of 9·36 inches. The effective Reynolds number, ReI was 91~,OOO 
based on a turbQlence factor ror the 7- by lO-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 locat ion of the complete airplane shown 
on figure 1 (normal fighter landing gear retracted). The data are 
referred to the stability axes, a system in which the X axis is 
the intersection of the plane of symmetry of the airplane with a 
plane perpendicular to the plane of symmetry and parallel with the 
relative wind direction, the Y axis is perpendicular to the plane of 
symmetry, and the Z axis is in the plane of $ymmetry and perpendicular 
to the X axis. The coefficients are defined as ' foll ows : 

where 

X drag coefficient = --
.: qS 

lateral-force coeffi.cient . = J... 
qS 

lift coefficient ; ~ 
qS 

rolling-moment coefficient about e.g. = __ l_ 
qSb 

pitching-moment coefficient about c.g. =-ill­
qSc 

yawing-moment coefficient about e.g. =_n... 
qSb 

X force along X axis; positive when directed bac~yards 

Y force along Y axis; positive when directed to right 

L force along Z axis; pooitive when directed upwards 

l rolling moment about X axis ; positive when it tends to depress 
the right wing 

m pitching moment about Y axis, positi v·e when it tends to 
depress the tail 

n yawine moment . about Z axis; positive when it tends to retard 
right ,.,ring 
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q dynamic pressure - lpv2 - 2 . (16·37 pounds per square foot) 

S . wing area (3.265 square feet) 

c "mean aerodynamic chf)rd (0·78 foot) 

b wing s pan (1~. 38 feet) 

Symbols. - Certain symbols are used in the text and figures and 
are defined as follows: 

angle · of attack of thrust line, degrees 

angle of yaw, degrees; pos :1.tive ",hen nose of model moves to 
right 

angle of st~bj,lizer setting with respect to thrust l:Lne, 
degrees; "pos iti vc vl1th tralling edge clown 

elevator deflection ( wi th :cesp0ct to stabilizer chord), 
degr ees; positive when trailing. edge. o~ elevator i s mov~d 
down 

rudder deflection, P.-egrees; positive ·~.,hen trailip..g euge of 
rudder is moved to left 

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

plain aile:r.on deflection, d.egrees ; positi \'e 'fhen trailing 
edge of a:i.l oJ"on 18 moved clown (subscripts R and L 
denote r i ght and left l::dlerons ) 

slot -lip aileron def'lect j on, degr ees; positive when trailing 
edge of aileron is moved a.own (subscripts F. and L 
denote r ight and lef t aJ lerons) 

Correcti ons· - The results have not 'been corrected. for tares 
caused by the model 8uPJ:.,ort . 

All the angles of attack, the drag coeff icients, and the pitching­
moment coeff icients have been corrected f or t he effects of the tunnel 
wp;lls. The jet-boundary corrections applied were computed as follows! 
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Induced drag correction, ' DeDi = ° 8 CL
2 

Induced ang1e-of-attack 'correction, 

Pitching-moment-coefficient correction 

S dCm ( ) 
1::£ = 0 - -- CL ~17· 3 

m 8w C diT 

All corrections are added to tunnel data. In the above equations: 

o = 0.115· 

08w = 0.065 

C = tunnel cross-sectional area (69·59 square feet) 

= change in pitching-moment coefficient per degree change 
in stabilizer setting. (This slope w'as furnished by 
contractor from New York University data4 

No jet-boundary corrections were applied to , the ymTing- and 
rolling-moment coefficients. The corrections to the ro11ing- and 
yawing-moment coefficients are negligible for the size of the model 
used. 

.' .. For convenience in locat ing test results, a resume of the tests 
and of the figures in which the results are presented is given. in 
the following table: 

----~-
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TAB'LE L 

Test Model Se Sr Sf Aileron Aileron Type Figure 
No, Designation oe f- def, Tes t No. 

(plain J (slot-Ii P J 

Complete Mode 1 
1 wit.h 0 0 0 0 None 

'" 
• 0 Pi Lch 2,6 

Original Wing 
} full 

2 00 0 0 0 do 
'" • 0 00 6 

3 do 0 0 0 ~ full do 

'" 
• 0 do 6 

4 do 0 0 0 full do '" • 0 do 6 

5 do 0 0 30 0 do 

'" 
• 0 do 2 , '7 

6 do 0 0 30 l. full do 

'" 
• 0 do 7 

2 

7 do 0 0 30 ;l. full do 
'" • 0 do 7 

4 

8 do 0 0 30 full do '" • 0 do 7 

9 do 0 0 60 0 do ~ · 0 do 2 , 8 

10 do 0 0 60 
1. full do 

'" 
0 do 8 

2 · 
11 do 0 0 60 ~ full do 

'" 
• 0 do 8 

12 do 0 0 60 f,ull do 
'" • 0 do 8 

Complete Model 
13 with 0 0 0 0 0 

'" • 0 do 3 , 9 

Modiiied Wing 

14 dO 0 0 0 ~ full 0 
'" · 0 do 9 

15 do 0 0 0 ~ full 0 
'" • 0 do 9 

16 do 0 0 0 full 0 
'" • 0 do 9 

17 do 0 0 10 0 0 
'" • 0 do 3,10 

18 do 0 0 10 1. full 
2 

0 
'" • 0 do 10 

19 do 0 0 10 ~ full 
4 

0 

'" 
• 0 do 10 

20 do 0 0 10 full 0 

'" 
• 0 do 10 

21 do 0 0 20 0 0 '" • 0 do 3,11,15 

22 do 0 0 20 1 full 0 

'" 
• 0 do 11 

2 

23 do 0 0 20 ~ full 0 '" • 0 do 11 
4 

24 do 0 0 20 full 0 

'" 
• 0 do 11 

25 do 0 9 20 0 } full '" • 0 do 15 

26 do 0 0 20 0 } full '" • 0 do 15 

27 do 0 0 20 0 full 
'" • 0 do 15 

28 do 0 0 30 0 0 

'" • 0 - do 3 , 4 ,12),6 

29 do 0 0 30 0 ~ full '" • 0 do 16 

30 do 0 0 30 0 ~ full 

'" 
• 0 do 16 

NATlO' ~l AOVlSOR 
COMM(TTEE FOR AERONA TICS 
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TABLE I - Concluded . 

' -r- ~' 

Test Model Se Se Sf Aller-on Aileron 
No. Designation deL deL 

I p lain I I slot-lip ) 

Complete model 
~ full 31 with 0 0 30 0 

Modi Oed wing 
32 do 0 0 30 0 ~ full 

4 

33 do 0 0 30 0 full 

34 do 0 0 30 ~ full 0 

35 do 0 0 30 full 0 

36 do 0 0 40 0 0 

37 do 0 0 40 0 } full 

38 do 0 0 40 0 t full 

39 do 0 0 40 0 full 

40 d o 0 0 40 1. full 0 
2 

41 do 0 0 40 full 0 

42 do 0 0 50 0 0 

43 do 0 0 50 0 } full 

44 do 0 0 50 0 1.. full 
4 

45 do 0 0 50 0 } full 

46 do 0 0 50 0 t full 

47 do 0 0 50 0 full 

48 do 0 0 50 } full 0 

49 do 0 0 50 full 0 

50 do - 15 0 50 0 0 

51 do - 30 0 50 0 0 

52 do - 15 0 30 0 0 

53 do -30 0 30 0 0 

54 do 0 0 50 0 0 

55 do 0 -10 50 0 0 

56 do 0 - 15 50 0 0 

57 do 0 -20 50 0 0 

58 do 0 0 10 0 0 

59 do 0 - 15 10 0 0 

60 do 0 -1 0 10 0 0 

61 do 0 -20 10 0 0 

Type 
Test 

.p • 0 Pl tch 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

.p • 0 do 

'" • 0 do 

'" • 0 do 

'" • 0 do 

'" 
• 0 do 

.p · 0 do 

.p • 0 do 

'" • 0 do 

a · 100 yaw 

0. · 10 0 do 

0. · 100 do 

a • 100 do 

a · 100 do 

a · 100 do 

0. · 100 do 

0. • 100 do 

NATION 
COMMITIEE 

Figure 
No. 

16 

16 

16 

12 

12 

3 .13 .17 

17 

17 

17 

l~ 

13 

3.5.14,18 

18 

18 

18 

18 

18 

14 

14 

5 

5 

4 

4 

20 

20 

20 

20 

19 

19 

19 

19 
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The aerodynamic characteristics o.? the complete model with both 
the original and modified wing with various flap deflections are given 
in figures 2 and 3. The modified wing with the full-span slotted 
flap increased the maximum lift coefficient about 0.40 above the 
value for the original wing. The full-span slotted flap failed to 
give an increase in lift for flap deflections about 400

; this} howover, 
may be caused by the small scale of the modol and may not be true on 
a larger model or the airplane. The increase of diving moment 
(negative pitching-moment coefficient) with flap deflection is very 
pronounced with the full-span flaps} whereas there is little change 
in pitching-moment coeffiCient with f l ap deflection on the original 
wing. From tM data of figures ~. and ), it would require about 40 

up elevator to trim the diving moment due to flap deflection on the 
modified wing. Figures 4 and 5 show that the elevator appears to 
give sufficient control and shows no evidence of tail stall in the 
lift range tested. The change in slope of the moment curves, with 
the full-span flap deflected 500 , at a lift coefficient of about 1.3 
1s quite large and i6 undesirable because it indicates lower stability 
for low-speed night where the addition o.t power is also destabilizing. 

The rolltng- and yawing-moment coefficients for the model with 
the original wing are given in figures 6, 7, and 8 and for the model 
with the modified wing in figures 9 to 14. The plain ailerons on the 
modified wing give apprOXimately the same rolling-moment coefficient 
as the glain ailerons on the original wing for flap deflections lees 
than 20 , but the plain ailerons on the modified wing give a very 
substantial increase in adverse yawing-moment coefficient. At high 
flap deflections the effectiveness of the pl ain ailerons on the 
modified wing drops off as has been shown in previous tests. 

The rolliIlfl- and yawing-moment coefficients for the slot-lip. 
ailerons on the modified wing are sh01m in figures 1 :;> to 18. The 
slot-lip ailerons are much more effective than the plain ailerons and 
become more effective as the flap is deflected. The ratio Cn/ Cl 
for the slot-lip ailerons is more favorable for most cases than the 
ratio for the plain ailerons on the origlnal wing . It should be 
noted, however, that there is 1i ttle change in ya~"ing-moment coeffi­
cient with slot-lip aileron deflection in most cases. 

The effect of rudder deflection on t he aerodynamic characteristics 
in yaw of the complete model with the modifted wing are given in 
figures 19 and 20. The deflection of the rudder has little effect 
on the lateral or directional stability. The slope of the yawing­
moment curve decreases near zero yaw but still appears to be within 
the limits set as satisfactory by Commander Diehl 1n his book 
"Engineering Aerodynamics. tI 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics} 

Langley Field, Va., June 21,1941. 
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