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WmiWK»!TEL UWEBTiaWIOJ or DEVICES 

FOR 1HH10VIKG THE SSTC3K» CHARACTERISTICS 

o? AIRPLANES 

By Altert L. Erichson 

U 
SUu.ARl' 

A l/6-scale nodal or a pursuit type airplane was tested 
in the l6-foot wind tunnel at the Ar.es Aeronautical Laboratory 
for the purpose of detemininf-, the effect of several devices 
that might be applied to the airplane to iiaprove the high-speed 
pitcV.inc-nonent characteristicc,V Thin investigation was 
initiated because sone difficulties bare been experienced with 
this airplane in recovering fron hVh-speed dives. 

The results indicate that up to a hr.ch nuuber of 0„7^, 
auxiliary flaps at the 3;>-Pcrccnt~chord station on the lower• 
surface of the wing, or a controllable stabiliser, will 
provide adequate control to overcome the lar;jc pitching nonents 
encountered during high-speed dives of the airplane.' 7he 
results also indicate that a change in wing concoui^ at the 
center section will relieve the dlvin; tendency up to a lift 
coefficient of 0,1 and a IJach nuuber of 0.7Ü-. This chance will 
laprovo the divine characteristics end couli be applied to 
airplanes alrsady constrvctcd and in ocrvlce, 

I>TT?.O~JCTIOI: 

Pilots of the airplane tested have had difficulty in 
recovcrinc fror, high-speed dives.    Investigation of the problcn 
by the National Advisory Couulttec for Arronautlcs was bc:-un 
at the Lanolcy henorlal Aeronautical Laboratory,  Lmclcy Field, 
Virginia.    A full-scale airplane war. tceted in the full-scale 
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wind tunr.el, And a l/6-scale nodel of the airplane was tested 
in the f>-foot high-speed v;ind tunnel. Further lnveatlgatlon 
of the l/6-sciOe noc'el v;as carried on In the lc-foot •.:ind 
tunnel at the Ane3 Aeronautical Laboratory. P.esultc of these 
Investigations are reported in references 1, 2, 3» an^ **"• 

A change in the s'nape of the fuselage vas  recommended in 
reference h,  but t'.ie results did not indicate that it would 
overoooe the objectionable pitching nouenta at all lift 
coefficients. Therefore, the ?.odel was returned to the Ar.es 
Aeronautical Laboratory, at the requeat of the National 
Advisory Comnlttee for Aeronautics, to investigate the effect 
of auxiliary flaps, cor.trolir.ble stabiliser, and ohange of wing 
contour u~on the diving characteristicc in an endeavor to 
provide adequate control, 

APPARATUS AND iSBTHGD 

"'ind Junnel and Equipment 

The tests were conducted in the lo-foot '.•:lnd tunr.el at 
the Ar:.es Aeronautical Laboratory. This wind tunnel has a closed 
to3t section, a single closcl-rcturn passage, and is of circular 
cross section throughout. The nodel waa supported on tvo struts 
with links for controlling tho angle of attach in the cane 
nanncr as for the tests reported in reference h.    The forces 
on the nodel wore noasurcd by self-balancing, rcoordlng bean 
scales. 

The results of the tcst3 have been corrected for tunnel- 
wall cffoots by adding the following corrections: 

Ac.  = 0.331  CL  ln degrees 

ACDJ = c.00573 CL» 

Approximate corrections for tare forces and nocents have been 
applied. The pitching noncnts were oornutcd with respect to 
the 25-pcrccnt point on the noon aerodynonlc chord, 3.23 
inches above tho trunnion. 





figures 5, 6, and 7, show that all or the flaos tested produced 
positive lncrei.iei.ts of pitching moment which, In general, 
increased as the' Kach number Increased. 

Qf the flaps tested, those at the 33-pcrcent-chord station 
were the nost effective. The flaps Inboard of the boons 
produced larger lncrer..ents of pltohlng laouent tiian did the 
flaps outboard of the boons. In fact, with flr.ps at the 
33-percent-chord station, the 1-lnch inbocrd flaps had a larger 
effect than the 2-inch flaps outboard of the boons. 

Ac Indicated In figure 6, the 1-ir.ch Inboard flaps had 
little effect on .the pitching, moments, when they, were -set at 
7.5°* but a& the angle was Increased to. 15°, .their effective- 
ncss Increased rapidly, especially at the higher ::ach r.unbcrs. 
Because of this rtthcr rapid Increase In effectiveness, the 
flaps should be operated carefully to provont the development 
of too large accelerations.  

Figure S shows the effect of the inboard flaps on the lift 
coefficient at which the nodcl balanced. At a latch nunber of 
O.725, a 4-5° deflection of the l-l/2-lnch flaps increased the 
lift coefficient for balance by 0.J5» At this I>.ch number, at 
an altitude of 25,COO feet and with a vine: loading of ^  pounds 
per square foot, a lift coefficient of C.fi[? '..'ill produce a 
3«5S pull-out fror, a vertical dlvo. 

She variation of pitohlng-oonont coefficient with lift 
coefficient for the 1-lnch Inboard flr.ps at the 33-pcrccnt- 
chord station, at a '.lach nunber of 0.725» is shown in flguro 9, 
Flguro 10 shows the drag coefficient, angle of attack, and 
pltchlng-nonent coefficient vorsüa lift coefficient for the 
l-l/2-li:ch inboard flaps, set 30°, at the cacc station. s 
Corresponding data for the standard modol vithout flaps arc 
shown In figure 11. These data arc presented for use in 
nahlng additional comparisons if desired. 

The Inboard and outboard flaps had ncrrly the some effect 
on lift coefficient, as nay be seen by oomparlng the results 
given in figure 12 with those of fi;:urc 13« The large 
differences in moment incrcnent previously notod In figure 5 
arc probably accounted for by the larger effect of the Inboard 
flaps on the downwauh at the tail. 

The drag lncrcncnts due to the flr.ps arc Indicated In 
figures l1'- and 15. The flaps were not Intended for use M dive 



brakes, but it ID natural that they should Increase the drag 
at certain lift coefficients. However, at high lift 
coefficients, the nodel actually had a lover drag with the 
1-ir.ch ir.t-oard flaps at the 33_p2rcent-chord station than 
without the flajs, as Is Indicated In figure 16. 

TTlth reference to the question of what loads will occur 
on the flaps and attachments, figure 17 shows the pressure 
that occurred on t!ie l-l/2-inch flaps at the ?3-percent-chord 
station. At a Ifaoh number of 0.7+ and a flap" angle of J^0, 
the maximum difference hotrecn the pressures on the front and 
back faces of the flaps was 1,3 tines the dynamic pressure. 

Altogether, the results Indicate that the auxiliary flaps 
should pro"ide a practical and effective longitudinal control 
to pull ouc of high-speed dives. Vith the elevator free, the 
lift coefficients for trim will differ fror, the balanco lift 
coefficients shown in figure o, but the effectiveness of the 
flaps should not be Impaired. 

Wing-Contour Chances 

The wing-contour cliariges nay be considered flxel devlcos 
that alter the variation of pitching moments with llaoh number 
GO as to improve the high-speed diving characteristics. The 
upper-surface contour change's were tested becau30. in some 
previous tests of the standard model (reference W. the diving 
moments started to decrease at a Ilaoh number of 0,75, *Bd when 
the critical spcod of the center scotion of the wing was 
increased by a change of contour, this tendency disappeared. 
It was therefore reasoned that decreasing the oritioal speed 
at the wing contor section would oaueo the diving moments to 
start decreasing In the same manner at a lower ".lach number. 
The levor-nurface contour changes were tested because it was 
believed that the shock which they cause to form on the lower 
surface of the wing at high ilaoh numbers might have an effeot 
similar to the auxiliary flaps end thereby improve the diving 
characteristics. 

Figure 1C Bhows the variation of pltching-moncnt 
coefficient with liach number at- lift coefficients of 0.1, 
0,2, and 0,4-, due to changes to the contour of the upper 
surface of the wing. She large Inboard upper-curfacc contour 
change (fig. IS, curve C) Is the only one of these changes 
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change vrlch pave the bast pitchlng-cioner.t characteristics 
(tiir.t at tne f2-percent-chord station) causeC the least 
Increase in drag. 

Controllable Stabiliser 

A 2° decrease in stabiliser incidence increased the ••- 
pltchlng-noment coefficient by approximately 0,1 throughout 
the cpoto. rar.fre (fif. 22), :'or the standard airplane, this 
change in pitol.ln~-uof.ient coefficient e'ir?3por:^s to an 
increase in lift coefficient for balance of abo-it 0,2 at a 
ilach r.nmber of 0,7PR.- .-lgui-e ?" also ahofcs that t^e effec- 
tiveness of the elevator, in producing changes in pitching 
nonent, remained essentially oc.iBtam; .'or all Iiaoh numbers 
of the tost for both 0° and -2° stabilizer incidence. 
Although the elevator lc effeotlve in producing changes in 
nonent; these ars too small to overcome the greatly 
increased atabillt;- produeod by a fixed etabilizer when the 
angle of dormvash decreases at the higher ±Iach numbers« 
However, the moment inquired can be prxiucoi by changing the 
stabiliser anrle. Theso results indioate that a controllable 
stabiliser should provide longitudinal control of the airplane 
in dives up to at least a Kach nunbor of CjK. 

COKCLUSIOHB 

For hach numbers up to at least 0,7^, the limit of 
the tests, the results indicate that: 

1, Auxiliary flaps at the 33~pcrccnt-chord station on 
the lover cur face of the wlnL: bco';ocn the booms and fuselage 
will provide longitudinal control in dives. 

2, A ohango to the contour of the lower surface of the 
wlnf botwoon the boons will relieve the diving tendency for 
values of the lift ooofficiontc up to 0.1. This ohango 
amounts to thickening the wing at the [;2-pcrccnt-chord station 
and fairing to the original wing surface. 

3, A controllable stabilizer will provide longitudinal 
control in high-speed dives. 

Amen Aeronautical laboratory, 
Rational Advisory Conalttoc for Aeronautics, 

iioffctt Field, Calif. 
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stabilizer will provide adequate control to overcome the large pitching moments encountered 
during high-speed dives of airplanes. Results also Indicate that changing of wing center contour 
improves diving characteristics. 
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