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:TAT:O"AL AOVISORY ocumwss FOR AERONAUTICS 

izr,:cR.i:n)U!i REPORT 

for the 

Air Technical Service Command, U.S. Amy Air Forces 

TISTS OF AIT ATTACK-TYPE AIRPLANE I" THE A1I2S Ho- BY fiO-FOOT 

WIND TUX!EL TO IIIPROVS THE HIGH-SPEED IIAUEUVERIHQ 

CONTROL-FORCE CHARACTERISTICS 

3y Gerald II. iicCormack 

SUIHIARY 

'.'lnd-tunnel tests were made of a twin-engine airplane 

to determine modifications ^.-hlch would make the airplane 

3ultatle for ground-support attack operations. It was 

desired to reduce the high-speed elov.-.tor and aileron- 

control forces without either reducing the low-speed control 

forces or impairing the landing characteristics. 

The tent results indicate the following: 

1. The desired high-speed elevator-control forces 

can be obtained by replacing the original, fabric-covered, 

straight-sided elevators with metal-covered bulged-contour 

elevators Incorporating a balance tab. The low-speed 

elevator control forces will remain essentially unchanged; 

however, in order to retain the desirable stalling char- 

acteristics of the original elevator, a tab-gearing that will 

•4S3*. 



2 MR No. A5K16 

return the tob to approximately neutral at high elevator » 

deflections is required. 
2. The desired high-speed aileron-control forces can be 

obtained by replacing the original, fabric-covered, true-con- 

tour ailerons incorporatinj* a 0,575:1 balance tab with metal- 

covered, straight-sided, extended-span ailerons incorporating 

a lfl balance tab.  wrom 5- to 10-perc?nt improvement in the 

low-speed flaps-down control will be effected bv increasing 

the max'.num aileron throw fron 20° up and 15° down to 22° up 

and 17° down. 
3. Approximately 9 miles per hour could be added to the 

top speed by sealing the airplane; about 3 miles per hour could 

be added to the top speed by fairing the nose r.uns and 

removing the lover-periscope deflector; «hen the 500-pound bomb 

racks are in place, about 7 miles per hour could be added to the 

top speed by fairinr; the bomb racks. 

ITWODUCTIOU 

The subject airplane is a high-performance airplane 

which has seen extended service in both the "uropean and 

Pacific' theatres of v'ar. The basic design has proved to be 

highly successful when used as a light-bombardment airplane. 

However, it was desired to extend the ojer-all usefulness 

of the airplane and to utilize it as a ground-support 

attack airplane. Pilots found the airplane exceedingly 

tiring to fly in this latter function where constant and violent 

. 
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maneuvers were renulred. In the opinion of the combat 

pilots, a reduction of from 25 to 5° percent in the high- 

speed maneuvering elevator- and aileron-control forces 

would be reo-aired to make the airplane suitable for ground- 

support attack operations. 

Therefore the airplane was tested in the Ames 1+0— 

by 80-foot wind tunnel to determine the modifications 

necessary to obtain the desired hi^h-spced ele.-ator- and 

aileron-control-force reductions. Also since any Increase 

in top speed would further enhance the usefulness of the 

airplane, tests were made to indicate possible drag 

reductions. 
• 

DESCRIPTION OF AIRPIANE 

The subject airplane is a twin-engine, midwine; 

land monoplane with a tricycle landing gear and is 

powered by two radial air-cooled engines. 

A drawing of the airplane is shown in figure 1, and 

the test airplane mounted in the wind tunnel is shown 

in figure 2. Detailed data of the airplane are given in 

Appendix A. 

Gunnery couipment of the airplane is made up of a 

variety of arrangements of .50-callber machine guns, 

— 
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37-millimeter cannon, ana 75-mlllimeter cannon. The airplane 

tested, hovever, was equipped uith three .50-caliber machine 

guns in each wing and eight .50-caliber machine gune mounted 

in the ncse.  In addition, various combinations of bombs, 

torpedoes, or fuel tanks may be mounted under both wings. 

The propellers "ere removed previous to mounting the 

airplane in the wind tunnel ar.u remained off throughout the 

tests.  Modified oil-cooler inlets, which were wooden duplicates 

of the inlet6 with which future airplanee vere to be equipped, 

were installed in place of the production inlets.  Wing-surface 

irregularities caused by screws and by the leading-ed;_e Joint 

of tae wing armor plate between the fuselage and the nacelles 

were filled with clay and smoothed over. For the wind-tunnel 

tests, the main landing ^ear was removed and specially made 

fittings werje substituted in its place, by means of which the 

aiiplane was mounted to the tunnel support struts. 

All control surfaces tested were equipped vith cantilever- 

beam, electrical strain gages for measurement of hinge moments. 

Electrically driven actuators vere used to vary the control- 

surface deflection, and seleyn transmitter-receiver units were 

used to indicate the control-surface setting. These various 

pieces of equipment were all mounted entirely within the 

airplane. 

• 
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KR :JO. A5K16 5 

TKSTS, RESULTS, AND DISCUSSION 

The teat results are presented in the form of standard 

NACA coefficients. A complete list of all coefficients and 

s-'Tnbols used in the presentation of data within this report 

is given in Appendix B«  All results have been corrected for 

tunnel-wall effects, support tares and interference, and 

stream inclination. The tunnel-wall corrections which were 

applied are described in Appendix C. 

Longitudinal Characteristics 

As previously mentioned, pilots had found it exceedingly 

tiring to fly the airplane functioning as a ground-support 

attack airplane, and had expressed the.opinion thit the 

maneuvering control forces should be reduced 25 to $0  percent. 

This indicated that for the attack center-of-rravity position 

(23 percent *'.A.C.) the elevator-control-force gradient should 

be reduced fron the previous value of 80 pounds per g to at 

least 60 pounds per g and if possible to 35 pounds per g. 

(Reference 1 reouires that the maximum control-force gradient 

be less than 3? pounds per g for the forward center-of-gravity 

position, which is at 20 percent ''..A.C. for this airplane. 

This would reouire that the control-force gradient be 

approximately 3lj. pounds per g for the 23 percent ''.A.C. 

center-of-gravity position.) 

It was imperative that any modifications made in the 
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These gradients have been computed for rated power1 at sea 

level for a gross weight of 32,000 pounds and airspeeds of 

350 and 2k0 rules per hour. An airspeed of 35° miles per 

hour is considered to represent hl.T.h-speed attack conditions, 

whi:.e 2I4.O niles per hour was chosen to represent the lower 

ranpe of maneuver im; soeed (2l|.0 mph also enabled a check to 

be obtained fror-, the previous flipht-tect data). 

To provide a correlation be t-veen the control-force 

gradients computed from the basic vdnd-tunnel data and the 

control-force gradients obtained In pre/ious flight tests, 

data have been taken from flipht tests and plotted in figure 

7 along with the control-force gradients computed from the 

wind-tunnel data for the same flight conditions. It will be 

seen that a very good correlation exists. 

A comparison between the curves for the original elevator 

and tlit bulged elevator reveals that bulging the elevator 

contour reduced the control-force gradient from 80 pounds 

per g to 60 pounds per g, a reduction of 25 percent (35° 

mph, 23 nercent T\A.C. eenter-of-gravity position).  It 

should also be noted that the proportionate reduction in 

control-force gradient obtainable by bulging the elevators 

decreases as tho center-of-gra"ity position moves aft. Thus 

The results of po-r-on tests of a 0.23?5-scale model have been 
used to correct the airplane pitching moments for power effects^ 
The hin^e-moment ilata were not so corrected since they were 
found to be in good agreement with those calculated from power- 
on flight tests.          J 
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a favorable rearward shift In the maneuvering neutral point 

results. 

Ho'-rever, the control-force gradient of 60 pounds per g 

obtained vlth the tested emount of bulge is still too high. 

(As previously mentioned, a control-force gradient of 35 

lb/g is considered desirable r-hen opera+lng at high-speed 

low-level attack conditions vlth the forward center-of-grpvity 

location.) Hence,an analysis has been made in Appendix D to 

determine the possible changes which would further reduce the 

control-force gradients. 

The analysis of Ap .endlx D Indicates that the control- 

force gradient can be reduced to the desired value of 35 

pounds per g by the use of a balance tab in conjunction with 

the tetted amount of bulge.  The balance-tab requirement 1B 

relatively small, a tab effectiveness (öChe/ö6|;) of 0,001 

for an elevator-tab ratio of 1:1 being sufficient.  The 

control-force gradients for the airplane equipped with the 

bulged elevator and the balance teb are shown in figure 7 for 

the previously described flight conditions. These results 

indicate that the bul^e and balance-tab combination will 

Fatlefy the desired elevator-control-force characteristics: 

a control-force gradient of 35 pounds per g will be obtained 

for sttack conditions (£3 percent li.A.C. e.g. position, 350 

mph epocd), and rt the crane time the v.-.ri.tlon of control-force 

'gradient with center-of-gravlty location will be reduced vlth 

the result that a control-force gradient of IS pounds per g 

\ 
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KR No. "5K16 11 

balance ratio such that a positive balance was obtained 

for elevator deflections attained during accelerated- 

flirht maneuvers but that the tab be essentially neutral 

at the elevator deflections reauired to stall the airplane. 

The tab-drive linkage designed to attain those remits is 

indicated diagramnatlcally in figure 9. The resulting 

variation between elevator deflection and balance-tab 

deflection is also shown in figure 9« 

To satisfv the third reauirement to bo met by any 

modifications made to the elevators (that no loss in elevator 

effectiveness during landings could be sustained), additional 

data were obtained to indicate the relative effectiveness of 

the two elevatori - original and bulged - at hi :h deflections. 

These data, presented in figure 10, disclose that although 

for the lower deflections the effectiveness of th& bulged 

elevators is lower than that of the original elevators, the 

peak effectiveness of the bulged elevators is about !| percent 

higher than that of the original elevators. Therefore the 

bulged elevators should Rive somevhat better landing charac- 

teristics than the original elevators. 

Particular attention should be given to the deflection 

at which the elevators stall, which is fron 25° to 27°, 

dependent upon the airplane angle of attack. Obviously then, 

the elevator stops should be set to limit the elevator 

deflection to anproxlmately 25° and not 30°, as ori.inally 

1 • i *t* 
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specified. This, in fact, may have contributed to accidents 

during landings caused by collapse of the nose pear, the nose- 

fear failure probably resulting from excessive impact loads 

due to inability to hold the tail down after tho elevators 

stalled. 

Lateral Characteristics 

• 

To "iake tho airplane suitable for ground-supoort attack 

oper-itions, it was further necorsar-y to reduce the high-speed 

aileron-control forces from 25 to 50 percent. It was required 

that these reductions be achievod without loss in low-speed 

lateral control since, as reported from flight tests, the 

lateral control was marginal during approaches and landings. 

In fact, it was considered very desirable to improve the low- 

speed flaps-down effectiveness bv about 10 percent. 

In the endeavor.to attain the high-speed control-force 

roductions, the original, I'abric-covcrcd, true-contour 

ailerons were modified as follows: (1) tho ailerons were covered 

T"ith metal to minimize surface deformation at high speeds and 

the consequent increase- in control forces; (2) a straight-sided 

contour was incorporated in place of the true contour to 

directlv reduce the control forces; and (5) the balonce-tab 

ratio was to be changed as necessary to utilize the balance 

tabs to tile fullest extent possible in reducing the control 

forces. The aileron span :ir.s  extended to tho wing tip, to 

offset the anticipated loss in effectiveness incurred by use 

. 
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of straight-sided ailerons in place of true-contour ailerons. 

Additional low-speed effectiveness was then to be obtained by 

increasing the aileron travel from the maximum of 20° up and 

15° dem, as orlrinnlly specified, to a maximum of 22° up and 

17 down1. The modifications *iade to the ailerons are shown 

in figure 11. The aileron fearing Is shown in fijure 12. 

For the wind-tunnel tests, the ori-inal aileron was 

mounted in place on the right wing and the rrodified aileron 

on the left wing. The characteristics of the original and 

modified ailerons were then determined at a dynamic pressure 

of 25 pounds per souare foot (V = 100 mph, R = 7,300,000) and 

are shown in figures 13 to 16, inclusive. 

The rolling characteristics of the airplane have been 

computed" from the basic wind-tunnel data and are shown in 

figures 17 and 18.  Ki-rure 17 shows the variation of control 

force with pb/2V in high-speed flight and figure 18 shows 

the over-nil rolling characteristics.  Results of the 

previous flight tests have been plotted on the two 

figures to give a correlation between flight results and 

*The maximum tra»el that the wing and aileron structure will 
permit is 22° up and 17° down. 

'Rolling characteristics have been computed by use of the 
relation pb/2V s ACi/Cj . The value of Ci  was obtained 
for the purposes of this reoort from reference 3» A correc- 
tion for the slope of the lift curve was applied, giving a 
value of Cj_ • 0.5B for this airplane. The value of 
pb/2V obtained was reduced 20 percent to correct for the 
losses in rolling velocity resulting from the dynamic effects 
of wlnrr twist and sideslip.  

• 
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wind-tunnel results. Considerable discrepancy vlll be seen 

to exist between the curves obtained from the flight tests 

and the curves obtained from the wind-tunnel tests. This dls- 

crepency cr,n not be entirely explained at the present time, 

but may be due in part to heavylng-up of control forces 

resulting from frbric deformation.  (This could not be taken 

into account in reducing the wind-tunnel data, aB previously 

explained regarding the elevators.) However, the improvements 

In aileron control henceforth Indicated were adjusted so as 

to be proportional to the flight-test data. 

On the basis of the foregoing remarks, a comparison 

between the curves shown in figure 17 Indicates that the 

modified ailerons with no balance tab will reduce the high- 

speed aileron-control forces about 15 percent below those 

experienced with the original aileron having a 0.375:1 

balance-tab ratio. A comparison of the curves for the flaps- 

down condition in figure IS indicates essentially no change 

in the low-speed flaps-down characteristics (the extended 

aileron span and lack of balance tabs lncrersed the effective- 

ness approximately the same amount that the straight-sided 

contour reduced the aileron effectiveness). These results 

signified thpt additional high-speed aileron-control-force 

reductions would have to be obtained by proper use of the 

balance tabs; further, to overcome the loss In effectiveness 
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due to use of the balance tabs, the low-speed flaps-down 

effectiveness wo'Jld hrve to be increased by lncrepslnp the 

e Heron trrvel. 

Additional data were required to eneble determination 

of the proper balance ratio for the tebs. These date, arc 

6hown In figuresl9 and 20. It Is evident from these figures 

that the br.lance ratio must be United to 1:1, otherwise 

overbalance will result. 

It therefore appeared thr.t an aileron incorporating a 

1:1 balance tab to further reduce control forces, with the 

maximum travel Increased to 22° up and 17° down to provide 

additional effectiveness at low speeds would give the 

desired results. The rolling characteristics have been 

computed for this aileron configuration and are shown in 

figures 17 and 18.  The curves in figure 17 indicate that 

the high-speed aileron-control forces will be reduced 

approximately SO percent by use of the modified ailerons 

vlth o 1:1 balance-tab ratio.  In addition, os shown in 

flpure IS, the increased aileron trnvel will result in a gain 

of from 5 to 10 percent in the low-speed flaps-down lateral 

control. 

Minimum Drag Characteristics 

To determine the improvements that could be obtained 

in the top speed of the c.lrplane, tests were made to indicate 

the drag of eaoh of the various drag-producing items. The 

:,>*«». 
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lose in the top speed of the airplane due to each of the 

items could then be determined. The drag-producing lteme 

have beer* classified into three groups:  (l) lerltege items, 

(2) component protuberances, and (3) adjunct protuberances. 

The leakage items are the joints through which air could 

leak out of the wings, fuselage, or nacelles. The airplane 

vith all leakate items seeled is shovn in figure 21. The 

component protuberances are the protuberances thr.t are com- 

ponent parts of the c.irplane such as the guns, rr.dio loop, 

etc.  Figures 2 and 22 show the rirplane in the service 

configuration vith the component protuborrnces in place. 

The adjunct protuberances pre the removable auxiliary ltem6 

such as the bombs, fuel tanks, etc. The rirplane v;ith the 

various adjunct protuberances in plr.ee is shown in figure 

23. 

Preparatory for mounting in the wind tunnel, the air- 

plane was completely sealed and all protuberances were 

removed. The method of testing was to unseal the airplane 

by sections end evaluate the increment of leakage drag caused 

by each section; next, to add the component protuberances one 

at a time c^nd evaluate the increment of drrg due to each 

protuberance; and finally, to add the adjunct protuberances 

and evaluate the increment of drag due to each. 

The drag results are presented in the form of minimum 

drag polars which were run at a dynamic pressure of ^0  pounds 

per square foot (V • 165 mph, R = 12,200,000). The minimum 

- \ - 
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drag polars for each successive change In configuration 'ire 

shown in figures 2k,  25 and 26. It is to be nnted that the 

tests were run In the order In which thev are presented in 

the figures; therefore, the configuration for each curve Is 

the configuration of the preceding curve plus the item noted 

on the cirve 1. 

A summary of the results obtained from the leakage drag 

tests (fiq. 2U) is presented in the following table.  Shown 

in the table nr" the increments of drnr attributable to each 

Item, and the increase'1 in top speed which could be realized 

if the Item vere sealed. 

xThe exceptions to this are the cuvves for the wing rib 
unsealed and the landing-flap door in place. The tests for 
these curves were not run In the sequence shown in the 
figures; hovever.; the values have been corrected to account 
for the intervening runs so that the proper drag increment 
is indicated. 

^he calculated velocity Increments are based upon the 
reported sec-level high speed of 360 miles per hour. 
A hirrh-speed power-on drag coefficient of 0.0263 w^s 
calculated, based upon the reported hi.Th-speed and 
war-eriergenoy power of 2370 horsepower per engine. The 
assumption was made that the total propulsive efficiency was 
95 percent? 85-percent-propeller propulsive efficiency plus 
an additional 10-percent efficiency due to ,1et thrust F.nd 
Meredith effect.  

*&!£*&' 
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Item 

1. Nose serls removed, including the 
seals around tnc nose at fuse- 
lage station 0 

2. Nose-wheel doo»>s unsealed 

3. CocKplt canoi.„ -..seeled 

14-. Bomb-bay spoiler well unsealed 
5. Bomb-bay floors unsealed 
6. Steps rnd drift meter unsealed 
7. Fuselage rrmor plate unsealed 
&. Fuselrge butt Joints unsealed 
9.  Rear-gunner escape hatch and 

oblique-camera doors unsealed 
10. Wing-fuselrpe fillet unsealed 
11. Cowl and cowl flaps unsealed 
12. Nacelle recess doors unocalcd 
13. Nacelle butt Joints unsealed 
lit-. Main landing-gear doors unsealed 
15. Wing cutt Joints unsealed 
16. Wing-deflection slots unsealed 
17. wing-access plates and gun- 

coiapartfcient plates unsealed 
IS. Wing-gun ejection chutes unsealed 

Summation of frvorablc incre- 
ments.  (Items 1, H, 3, 5 to Ik-, 
17 and IS.) 

at 
Wat 
top speed 

CL=0.19 j  Uph) 
0.0002 

. -- 1 * 

.0002 1 

.0001* _ 

.000c 0 

.0000 0 

.0001 1 
"2 

.0001 i 

.0000 0 

.0002 1 

.0002 1 

.0001 i 

.0000 0 

.0002 1 

.0001 - 

.0002 - 

.0001 1 
8 

. 0003 li 

.001s 9 

From the table it can be &een that the airplane is quite 

well sealed. Although an additional 9 miles per hour can be 

added to the top speed by completely sealing the airplane, 

difficulties associated with sealing will limit the actual 

improvement in top speed that can be gained. 

The drag increments and corresponding losses in top speed 

due to addition of each of the component protuberances (fig. 25) 

/ 
• 
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arc shown In the following table: 

Item 
AV et 

ton speed 
CL--=0.19 ,  '(nph) ^_*j 1   ——r 

ACD 
at 

1. Mose guns (faired) 0.0002 1 
2. Removal of nose-gun fairings .0002 1 
3- Nose louvers -.0002 - 
U. Radio antenna and ir.ast .0000 0 
5- Enclosed loop antenna .0001 * 
6. Upper turret and periscope .0010 5 
7. Lower turret and periscope .0008 t 
g. i.ower-perlscope deflector .000^ 2 

9. Aft air-conditioning scoop and 
exit 

.0001 i 
10. Forward air-conditioning scoop 

r.nd exit 
.0001 i 

li. Modifiertion to Irnding-flr.p doors 
—•                —-— •               -— — — —  ._ _ 

.0001 i 

These results show that the airplane is fairly clean. 

By fairing the nose guns and removing the lower-periscope 

deflector, 3  miles per hour can be added to the top speed 

..of the airplane. The functions of the remainder of the items 

however, require their existence, and hence little can be 

accomplished in the way of improvement. 

The landing-flap doore are the doors which close the gap 

between the lower-surface vlng skin and ehe  landing flaps. 

These doors require an elaborate linkage to move them down 

and out of the way when the landing flaps are being either 

lowered or raised. The linkage caused considerable trouble 

on existing airplanes and it was desired to replace the doors 

and linkage "ith a fixed extension of the lower-surface wing 

-•v. 
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6kln.  Tests vere  therefore made to determine if replacing 

the doors and linkage with a fixed extension of the lover- 

surface *'ing skin would have an appreciable effect on either 

the high-cpeod drag or the maximum lift. 

For the purpose of these tests, a fixed extension of the 

lover-surface wing skin was simulated by trimming the trailing 

edges of the original doors sufficiently to allow the landing 

flaps to be lovered or raised without moving the doors.  As 

shovn in the table, the modification to the landing-flap 

doors caused only a small increment in the high-speed drag 

coefficient and would result in only 1/2-mlle-per-hour loss 

in top speed. Hence, replacing the landing-flap doors and 

linkage with a fixed extension of the lower-surface wing skin 

will be satisfactory as far as the drag is concerned.  The 

effect of the moda.fi.ed floors on the maximum lift will be 

discussed in the next section. 

The results of the tests made to determine the drag char- 

acteristics of the adjunct p-otuber£ nees  (figs. 26(c) and (b)) 

are summarised in the following table: 

-I 
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ACD AV at 
Item , at top speed 

CL-0.19 

1. lk rocket; racks 0.0015 7 
2. lh  rockets and racks .0051 21 

Four 5°0-lb bomb racks .0027 12 
K Four 5°0-lb bombs and racks .00814- 32 

5- Two fuel-tank racks .0006 si 
6.- Two fuel tanks and racks .0027 12 
7. Eight rockets and two fuel 

tanks 
.0056 221 

8. Eight rockets and two 5°°-lb 
bombs 

.0070 27* 

9. Two fuel tanks and two 500-lb 
bombs 

.0078 30 

10. Bon.b-bay doors open .OOglJ- 32 

This table discloses that, with the exception of the 

bomb racks, the various items cause no undue increase in 

drag.  The bomb rr.cks appear to create excessive ürag when 

compared to the fuel—tank rncks.  In spite of the much greater 

size of the fuel-tank racks, the decrease in speed attributable 

to each fuel-tank rack IG c.bout 1-1/4- miles per hour; vhereaeth 

decrease in speed cttributable to each bomb rack is about.3" 

miles per hour.  Thus it rppears thrt' fairing the bomb recks 

will Increase the top speed at least 1-3/1*- milesper hour per 

rrck or 7 miles per hour for all four racks. 

Maximum Lift Characteristics 

In conjunction with the foregoing tests, additional 

tests vere made to determine the effect of various configu- 

rations on the maximum lift characteristics of the airplane. ; 

. s~ • 
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Included were an evaluation of the effects on maximum lift of 

wing leakage, addition of the v;ing guns, opening the cowl flaps, 

opening the oil-cooler doors, the modified doors of the 

landing flaps, the various adjunct protuberances, and various 

flap deflections. 
The results of the maximum lift tests are shown In figure 

27 In the form of lift, drag, and pitchlng-moment curves. 

The date, were obtcined at a dynamic pressure of 25 pounds per 

square foot (V = 100 mph, R = 7,300,030).  It can be seen from 

figure 27 that none of the items affect the maximum lift 

appreciably.  For example,the difference between the maximum 

lift coefficient of the airplane In the clean and sealed con- 

figuration and the maximum lift coefficient of the airplane 

In the service configuration (an increment in the maximum lift 

coefficient of 0.05) will result in only about 1/2-mlle-per- 

hour decrease In the landing speed, . . 

Figure 27 also shows that vhen the modified landing- 

flap doors were in place, no decrease in the maximum lift coef- 

ficient wee experienced; In fact, there was an increase.  (The 

modified landing-flap door6 were previously discussed in 

regard to their effect on minimum drag.) Hence It can be 

concluded that replacing the landing-flap door6 with a fixed 

extension of the lower-surface wing 6kln will have no 

significant aerodynamic effects; it will result in only small 

increases in drag and in maximum lift. 

In figure 2S are presented the lift, drag, and 

• 
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pitching-mo-ient curves for the airplane with various flap 

deflections. The maximum-trim-lift coefficients were com- 

puted from the data of figure 28 and are shown in figure 29 

as a function of flap deflection. It can be seen from figure 

29 that the maximum flap deflection of 52° produces the 

highest trim-lift coefficient obtainable with the existing 

flap system. 

CONCLUSION 

The results of the tests of the airplane reported herein 

may be summarized as follows! 

1< The elev&tor-control-force gradients for high-speed 

maneuvering flight will be reduced about 'jO  percent by 

replacing the original, fabric-covered, straight-sided 

elevators with metal-covered bulged-contour elevators incor- 

porating a balance tab,, In addition to reducing the high- 

speed maneuvering control forces the desired amount, the 

modified elevators will satlsfy'the other critical flight 

conditions as follows;  (a)  the elevator-control-f->rce 

gradients for low-speed maneuvering flight with the rear- 

ward center of gravity will not be reduced from the original 

values; in fact, they will undergo slight favorable increases; 

and (b) the elevator control during landings will be slightly 

increased (about U percent) above the original values. The 

desirable stalling characteristics of the original elevators 

(heavylng-up of the elevator control forces as the stall is 
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approached) may be retained by utilising a tab gearing that 

will return the balance tab to approximately neutral at high 

elevator deflections. 

2. The pileron-oar.rj-cl rorces for high-speed maneuvering 

flight vlll be reduced about 80 percent by replacing the 

original, fabric-covered, true-contour ailerons incorporating 

n 0.375:1 balance tab vlth metal-covered, straight-sided, 

extended-span cllerons Incorporating a 1:1 balance tab.  The 

lateral control during approaches end landings may be increased 

from 5 to 1° percent by increasing the maximum aileron travel 

from 20° up and 15° down to 22° up and 17° down. 

3. Approximately 9 miles per hour could be added to the 

top speed by completely sealing the airplane; however, 

difficulties associated with sealing will limit the actual 

Improvement that can be gained.  Three miles per hour can be 

added to the top speed by frlring the nose guns and removing 

the lover-periscope deflector. When the 500-pound bomb racks 

are in plrce, rbout 7 miles per hour can be added to the top 

speed by fairing the bomb racks. 

Acee Aeronautical Laboratory, 
National Advisory Couulttee for Aeronautics, 

lioffett Field, Calif., 

*i*£^- 
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APPENDIX A 

HBH7WAL DATA ON TIF. T"-'.p-T' AIRPLANE1 

ro";er plant • • • 

The airplane Is powered by two radial l8-ovllnder, double- 

• row, air-cooled engines with water injection,-designated 

as R-2800-79. Pov.er ratings are as follows: 

Condition   bhp • rpm ' 

•Y.'ar emergency 2370 2700 

Military      2000 2"00 

Rated l600 2I4.OO 

Propellers   

Three blades   

Diameter (actual)  

No spinners installed 

«flag 

Area, so ft* »••»••• 

Span, ft   

Aspect ratio   

Tappr ratio  

M^an aerodynamic chord, ft 

• ^v-ecpback . .• 20-percent-ehord line ' straight 

Constant speed, quick feathering 

  6359A-18 

• - 12 ft 7 in. 

1+0.5 

70.0 

9-07 

8.13 

acturer'3 speclrications '»nc 1A11 data are taken from manufacturer'3 specuiuEbiv 
apply to the service airplane before any modifications 

were made.  

£3£^fr 
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?(• 

dlnedral (*<* 
•i»r.t rporotric 

•c.quival^1 5" 

spar), deg •  •  *  '  * 

„  ftt root chord,   der 

inCldfince  at r 

ninfr  section 

Root  .   •   • 
...•••• 

Tip     *   " 

Hoot chord,  ft-  •  *  *   '' 

Tlp  chord,  ft   ' 

wiaps 

Tvpe . 

M-ea 

Effective   spPn 

Actual   span 

U.5 
-1.0 

2 

,     - o.8>(h * 
/e    9-215(a   "" 

6^' 10.67 

>paT.t'.al-span dou'ole- 

(to c 
enter lin«i 

(one  side) 

Aileron« 

Ivpe•   •   * 

Area  (af* 

pn   ft. 

Span,  ft' 

«me area 

yiaxlwnm 

i\,b .C •, 

«3r£?* 

Wing area ar* 

of hing« line 
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Wing area affected, sq ft . . . .  129.96 

Balance crea excluding cut-outs, eq ft ..... 16.61 

Balance area including cut-outs, sq ft  17-67 

Balance ratio (based on area aft hinge line 

excluding cut-outs)  0.6l 

Hinge-line location, percent vlng chord   79 

Aileron tabs 

Type Trim end balrnce 

Span, ft  2.77 

k.A.C. of tab, ft  0.4-2 

Hin^e-llne location, percent aileron chord ... JO 

Area (aft of hinge line) (both sides), sq ft . . 2-3S 

Uaximum travel, deg  ±7 

Balrnce tab ratio ... ..... . . . . . . . . . 0.375:1 

Trim tab on left -side only  . . 

Fuselage •     

Length, ft  W.S75 

Horizontal tall 

Span, ft  .........  22.69 

Pvea  (including fuselage),sq ft   116.1 

Aspect rptio . •••  kA} 

Taper ratio . . .•  0.5 

Lean aerodynamic chord, ft  5 j6 

Dihedral, deg  10. 5S 

Incidence  .  0 

- 
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. 

£S 

tall), ft   

30 >5 

Elevctors 
Type  ....   Sealed overhang balance 

Area (aft of hinge line), sq ft 32.7 

L.A.C., ft 1.79 

Hlnge-llne loctlon (percent chord of horizontal 

tell)   65.^5 

Horizontal surfc.ee nrcr rffc-ctcd, eq ft 93-62 

Brlrncc r.-tlo (bnsed on arer r.ft of hinge line)  . . 0.315 
...    Up 30 ±1/2 

Heslram travel, "eg Down l6 ±1/2 

Elevrtor tab 
Type Trim (no balance tab) 

Span, ft    2>6 

u.A.C. of te.b, ft    0.52 

Hinge-line loc tion (percent elevrtor chord)  . .   25 

Area (aft of hin^e line) (both Bides) sq ft . . .  2.58 

haxltauä trrvel, deg -12, 17 

Control-system dr.ta 
Control-column travel (no load), deg  37.5 

\ihcel travel (no lord), deg  ±130 

Control-column length, in  27 

\Jheel diameter, in  iK 

Pedrl radius, In  12 
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The ! 

drta vith 

°L 
CD 

Cffl 

Cn 

Ol 

Chc 

Chn 

AC; 

CDP 

(»L 
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L 

L1 

D 
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APPENDIX B 

COEFFICIENTS AND SYMBOLS 

ioefflclents and symbols used In the presentation of 

this report are defined n6 follovs: 

lift coefficient  (L/qS) 

drag coefficient (D/qS) 

pltching-noment coefficient  (H/qSc) 

yawing-moment coefficient  (N/qSc) 

rolling-moment coefficient (L'/qSc) 

elevrtor hinge-moment coefficient (He/qSece) 

nlleron hinge-moment coefficient (Hn/qScca) 

increment of rolling-moment coefficient produced 

by a given aileron deflection 
2 

pr.rasite-drrg coefficient [CD - (CL /TTA)] 

rate of change of elevator hinge-moment coefficient 

'•ith elevr.tor deflection [(dChe/d8e)c- ] 

rate of change of elevr.tor hinge-moment coefficient 

vith angle of attack of the horizontal tall 

C(öChe/öat)cL] 
rate of change of elevator hinge-moment coefficient 

vith airplane lift coefficient[(dChc/dCiJg'I 

lift, lb 

rolling moment, ft-lb 

drag, lb 

pitching moment, ft-lb 
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S yawing moment, ft-lb 

He elevrtor hinge-uoment, ft-lb (Positive hinge moment 

tends to deflect elevator downwards.) 

Ha aileron hlrge-moment, ft-lb (Positive hinge moment 

tends to deflect aileron downwardB. ) 

q free-stream dynamic pressure, lt/sq ft 

V airspeed, ft/see or mph 

V^ Indicated airspeed, mph 

or denelt; ratio (p/p0) 

p mass density of air at altitude, 6lugs/cu ft 

p0 mass density of air at sea level, slugs/cu ft 

g standard acceleration of gravity, ft/seca 

p rolling velocity, radians/sec 

pb/2V helix angle of roll generated by wing tips in a roll, 

radians 

S wing area, sc, ft 

b wing span, ft 

c mean aerodynamic chord of *ring, ft 

A aspect ratio of wing (ba/S) 

ly wing loading, lb/sq ft' 

th    distance from center of gravity to hinge line of elevator, 

ft 

n     normal acceleration in g's 

f     clevatac-control force, lb 

Se    area of elevator aft of hinge line, sq ft 

oe    meenaerodynamic chord of elevator aft of hinge line, ft 

S8S55 
^S-^ 
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-a 

i 

£c 

6« 

area of original aileron pft of hinge line, sq ft 

mean aerodynamic chord of aileron aft of hinge line, ft 

angle of attack referred to thrust line, deg 

prigle of attack of horizontal tell,  deg 

elevptor deflection, deg (positive downwards) 

aileron deflection, deg (positive dovmvards) 

K   _f_ I  (QCm/oCL)^ - (oCm/dCL) tall off 
*  Cheq" * '       (öCm/oat)CL~ 

  iw (6<wacL)s 
cheQ (öCai/d6e)CL 

Ka=  
f 

K3 = 2.192 _
f_ iha[(n + l)/nj 

Cheq 

K = K  (dcm/&M;)cL 
*   3 TdCm/o6eyCL 

Subscripts outside of parentheses indicate the factors held 

constant during measurement of the parameter. 

I 

I 
• >- 
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APPENDIX c 

CORRECTI&uS APPLIED TO THE FORCE liEikSURS-EKTS 

Tunnel-wall corrections have been applied to the prose 

force measurements In the folloving manner: 

Acii = I.O52 CL (added to uncorrected values of a) 

AC^r, = .OlglV CT_3 (added tc uncorrecteä values of C^) 

ACKJ = .0^3 CL (added to uncorrected values of Cv) 

AC-. 

973 Ci proßG 

±0.O36CL
s (subtracted from .02^ (CiCL) u u  gross    '  « gross 

unconnected values of Cyj In the second term + is 

used for the left aileron, - is used for the right 

aileron) 

These corrections tahe into account the chape of the tunnel 

cross-section, the lar^e else of the airplane relative to the 

tunnel (  v:lnK P?p? ,  = Z.b&)  pnd the off-center position of 
\,tui.nel vldth      / 

the airplane (the vlng was approx. 6 feet .-hove the horizontal 

center line of the tunnel). The corrections to the rolling: 

and yavlng r.omenJoS '-ere determined by the methods of references 

lv and ••• In there calculations the lording distribution vae 

assumed to be represented by a uniformly loaded aileron super- 

imposed on an elliptically loaded main '-ine;. 
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APPENDIX D 

ANALYSIS OF THE LONGITUDINAL CHARACTERISTICS TO 

DETERMINE THE MODIFICATIONS REQUIRED TO GIVE 

THE DESIRED EuEVATOR-CONTROL-FORCE REDUCTION 

As previously explained in the main text, It was desired 

to reduce the r-tick-force predlent from 80 pounds per g to 

35 pounds per g for high-speed-rttack conditions without 

appreciably reducing the lilnlmum stick-force gradient for 

lov-speed turne vith aft center of gravity. To allow a 

rapid graphical solution to be obtained of the effects of 

changes in the hinge-moment parameters Cha+ 
and "hg on 

the stick-force gradient in steady turning flight the 

following equation was developed: 

atj = (k1+K3)Chato - (Ka+KjCh5o + (K1+K3)äChat - (K3+K4)uCh8 

In the equation, Chat  and Ch-  are the basic values of the 

hinge-:..oment parameters of the original elevators having the 

sealed-overhang balance, and ACh^ and ACh» are the 

changes in the bnslc values which result fron modifications 

ar.de to the elevators. The values of the aerodynamic para- 

meters used in the equation vcre obtained from the power-off 

tests of the airplane as presented In thl6 report1. For a 

AThe exception to this 16 the value of the tail-effectiveness 

parameter (6c»/dcL)K- (Ka/cCL) t„u Qff ^^ ^  obtained 
(cCm/cat)CL 

from the power-off tests of       a O.Zyf^-BQel9 model in the 
LaiiRley l'--foot pressure tuune;.. ,  

&^' 
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specified flight condition, the equation VPG solved to deter- 

mine the various combinations of ^•hat    md ACh& "hich 

would cetii'fy a given sti;K-force gradient. 

For the high-speed attack conditions (350 ^ph airspeed, 

23 percent h.A.C. center-of-grcvity position) the equation 

was solved for stick-force gradients of 60 pounds per g (the 

original stick-force gradient) and 33 pounds per g (the desired 

stick-force gradient). For low-speed turns with oft center of 

gravity (24c ü.ph, 3^ percent 14.*.C. center-of-gravlty location) 

the equation was solved for stick-force gradients of Ik pounds 

per g (the Qlnluuu allowable gradient) and 20 pounds per g 

(this latter value was chosen to allow caking a convenient 

quantitative Interpolation). The variations of ACho- with 

&Chs for the foregoing: flight conditions and stick-force 

gradients are shown in figure 30. It car. he seen that the 

shaded area on the figure defines the Halts within which 

&Cha  and aCn- must he kept in order to satisfy the desired 

stick-force gradients. 

In order to determine the approximate amount of bulge 

required to give the deelred high-speed stick-force gradient, 

the change in the parauetere due to the effect of the tested 

amount of bulge was plotted in figure 30. A straight line 

was drown through the origin and the tett point and extended 

until it crossed the line for the gradient of 35 pounds per g. 

The intersection of these two lines deteralnes the approximate 

amount of dChat and AChg to be supplied by bulging the 
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contour. It can be seen fron figure jo that approximately 

tvlcc the amount of bulge would be required (an Increase In 

tralllng-edge angle of about 12°).  It can aleo be seen from 

the figure that this large amount of bulge vould be 

unsatisfactory as It would result in overbalance of the 

surface (üCjj. is greater than C^ , resulting in a positive 

or overbalanced 0^.).  M large anount of bulge is also 

undesirable because of posclble adverse 1-iach nunber effects. 

A satisfactory solution that can be arrived at from 

figure 30 is to use the tested bulged surface and furnish an 

additional Chg sufficient to bring the parameters within 

the shaded area. This increment of Chg can be obtained by 

use of a boost tab  The required trb effectiveness for a 1:1 

tab ratio can be read directly fron the figure end is -0.0010. 

Thus a gradient of 35 pounds per g will be obtained for the 

high-speed attack conditions and a gradient of IS pounds per 

g will be obtained for low-speed turns with aft center of 

gravity. 

Other solutions to the problem could be made.  For 

example, figure l>0  shows that the limit of 35 pounds per g 

could be obtained by decreasing the bulge and increasing the 

boost tab the necessary amount. However, for low-speed turns 

with aft center of gravity the favorable margin would be 

reduced between the attained gradient and the minimum allow- 

able gradient. 

Therefore, the tested amount of bulge in conbinrtion 

-•     ,', •-. ——— 

'"-- 
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vith a  boost tcb equivalent to a  tab vlth en effectiveness of 

C.CCIC; vith a 1:1 ratio will oe the optl.-uc arrangement. This 

crror^.c-ent will reduce the etic'-; force t;rc.dient to the desired 

velue of 55 pounds per g fcr high-speed attack conditions 

• ithout appreciably reducing the sln.itiun ptick-force gradient 

fcr lov-specd turns "ith eft center of gravity. 
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contour. It can be seen fron figure jo that approximately 

twice the amount of bulge would be required (en incrcabe in 

tralllng-edge angle of ebout 12°).  It can also be seen from 

the figure that this large amount of bulge would be 

unsatisfactory as it would result in overbalance of the 

surface. (üCh„ is greater than Cv^ , resulting in a positive 

or overbalanced Cft.). A large amount of bulge is also 

undesirable becc.uce of possible adverse Mach number effects. 

A satisfactory solution that can be arrived at from 

figure 3u is to use the tested bulged surface and furnish an 

additional Chg sufficient to bring the parameter8 within 

the shaded area. This increment of Chg can be obtained by 

use of a boost tab.  The required trb effectiveness for a 1:1 

tab ratio can be reed directly from the figure rnd is -0.0010. 

Thus a gradient of 35 pounds per g will be obtained for the 

high-speed atteci conditions and a gradient of 1&  pounds per 

g will be obtained for low-speed turns vith aft center of 

gravity. 

Other solutions to the problem could be made.  For 

exa-ple, figure 30 shows thet the limit of 35 pounds per g 

could be obtained by decreasing the bulge and increasing the 

boost tab the necessary amount. However, for low-speed turns 

with aft center of gravity the favorable margin would be 

reduced between the attained gradient and the minimum a.llow- 

able gradient. 

Therefore, the tested amount of bulge in combinrtlon 

W 

tCJ-l  • 
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with a boost tab equivalent to a tab with en effectiveness of 

0.CJ13 with a 1:1 ratio will be the optimum arrangement. This 

crror»£,e-.ent will reduce the etic'.-. force gradient to the desired 

value of ~5 pounds per g for high-speed attack conditions 

' lthout appreciably reducing the minimum stick-force gradient 

for low-speed turns "ith eft center cf gravity. 

I 
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(b) Tbree-querte p front »1— 

Figure 2.- Continued. 

(C) Thr.e-qu.rter r« Tie«. 

Figure 2.- Concluded. 
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