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NATIONAL ADVISORY OOMMITTEE FOR ABRONAUTIOS
ADVANCE CONTIDENTIAL REPOR?T

A STUDY OF THE APPLICATION OF DATA ON VARIOUS TIPNS

OF FLAP T0 THE DESIGN OF FIGHTER BRAXES

By Paul E. Purser
SUMMARY

An approximate method of applying the available data
on various types of flaps in the deelgn of fighter brakes
18 preeented together with mseveral examples of its use,
The examples preeented herein show the computed results
of the aprlication of various arrangements of perforated -
doudle~split flaps and combinations of upper-surface per-
forated split flaps and an NACA slotted flap for use as
brakes on a fighter airplane. The computed effeots of
flap tyre, size, location, and deflection as well as the
effects of gltitude and injitianl velocities on the bdraking
characterietics are gshown in the exanplee.

INTRODUCTION

A need has arisen for devices that will tenporarily
redude ths velooity of attacking fighter aireraft in order
that the pllot will have mors time for firing. Two of the
desiradle characteristios that a fighter drake should have
ares (1) enough increase in drag cosfficient to decelerate
the pirplane within a reansonable time after the brakes
are applied; and (2) enough inorease in 1ift coefficient
to maintain level flight as the velocity is rsduoced, with
as emall changes as possible in angls of attack and cone~
trol position, :

In view of this need for fightsr brakes, the NACA
has undertaken an investigation to determine the appli-
sadility of various existing typee of flep and to develop
methods of applying data on thess flaps in the design of
fighter brakes.
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NETEODS OF COMPUTATIONS:

© The rollminary requirements for brakes on a fighter
airplane (fig. 1) were: (1) -indioated velooity to be
reduced from 400 to 300 miles per hour in 4 seoconds, (2)
Prakes to oooupy the same span as the existing flaps, (3)
average acceleration to be ahout 1.5g. The airplane
geometrio characteristica used in. the ocomputations were:!

8 ving area, 260 square feet
» wing. spnn, ‘38.0 feeot

° wing uoan aorodyn;mio ohord, 7. Ol foot

b, flap lpnn,-O 26b (not 1nc1ud1ng fu-elugo)

Ce averaga flup ohord C. 2080
w grose veight. 7063 pounds

The of!eoti of the flaps vere au-unod no% to Ye oon~
tinuous through the fuselage.

Tor the preliminary inveetigation in wiilch the per--
forated double~split flaps were used, an arditrary flap
motion was aoaumedl the upper and 10'tr flaps deflect
equally to.40%:4n 1 ‘eesdnd, then to a. zaxinmum ' GC° in
ths next 3 -seconis,” and then back t0 3110 131 the next
seccond., . Angle’o? attack @, f(tor coajsant :11fi), lift
ocwrfiolent Cp, drag ooefficient Cp, and piliching-

moment ooeffisient Cyy eccelevntion a, ‘and indioated

veloeclity V' were then deterzir:d from the data in ref~
erernoe 1 by a gtep-dy~step metr.i ae in reference 3,
using half-second intervals and the fullowing relatione ~
shipe:

Ohange in true velosity V;'per unit time ¢,
LT
t Cr,

Ohange in indicated velooity V' per unit time §,




n‘-‘—’--a.}ﬂn‘
% oL
where
g gravicy (32.2 £t /2ec? or 21.% mph/sec)

4 ra%17 of dengity at altitude to sea-~level donltty
P/P, J

" Indicated velocity V!, mnmiles per hour

¥ A0p
V‘(” =V - o.8) - [a (0.8)(212,9) —og:'l]

at .Oa level .

at \

V)= V(e - 0.5)" (10 98 'bﬂ)

a% 35,000 Zeet

. - R
Ty ® T e - o.g) - !-(3.67)(10.9.5) —5%?-]

oy = L . 7C63

54 36(:(7'\8 ( )

L SRR
add q ie dynamic pressure /lﬂva‘. The effects 0f

4

changee in thrust during deceleration were nogl.oted in
order to sinplify the computations, .

In the cases where the angle of attack was nmaintained
at a oonstant value, the flaps were azsumed to operate
differentially in such a wanner that the larger defleoc~
tion of the lower flap supplied the 1lift coefficient ned-
essary to maintain the constant angle of attack and the

m.- ww, amu-q, gy
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drag and deceleraticn charaoteristice remained the eame
ae those ¢f the arrangement with equal up-and-down de-
flections,

Yor the inveetigation of the use ¢f the elctted flap,
an arbitrary acceleration curve was mesumed; the acceler=—
ation ingreased uniformly from zesro t6 1.0g in 1 second,
remained constant at 1,0g fer 3.5 seconds, and decreased
to zero in the next seoond. From thies acceleration curve
and the initial velocity and altitude, 1t wae poseidle to
compute the curvee of velocity, lift coas"ficlent, and drag
gcefficient against time. From theee bYasic relationshipe,
the data in references 1 to 3, and the data presented in
figure 2, it vas poesible to compute the characteristice
¢f the various combinations of split flaps aad slotted
flaps, Figure 2, based on unpudlished data, presents
eotirated oharscteristics of the fighter wing with a
elctted flap,

It must be rememtered that, in the use of data from
references 1 and 2, curves for the coefficient izcremente
were drawn through pointe at flap deflecticns of 0°, 30°,
and 60°, with no intermediate points. Although thene
data are considered reliable and are sufficieant for use
in determining the oapadilities of a system, it is reoom~
mended that more data at interrediate flap deflectione be
obtained for use in epeoific designs.

DISOUSSION

Perforated Doudle~Split Flaps

The ocomputed characteristios of the airplane equipped
with various arrmngemcnts of perforated doutle~split flaps
are shown in figsurvres 3(a) to 5. The effeots of altitude
and differcntial operation of the flaps are ehown 1in fig-
ure 3(a) for the flaps locnted at 0,792c. The effec:s of
inoreased altitude are to inrcrense the .:1ximum nccelera-
tion ard to decrease the irdic:. cd-velocity reiluction,
With differentianl operatiorn of ihe flap: the ohanges in
the wing pitching~-moment coefficients and an;sle of attack
during deceleration can be miniwvizsd rnd in scumr cases
¢can be eliminated., Figure 2(®) shows that for the eame
flaps a change ir initial indicated veloclty from 400 to
300 miles per hour decreased both the maximum acosleration
and the indicated~velocity reduction by adout 40 perosnt,
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Moving bPoth the flaps forward to the 0,60c line inoreased
both the maximum acceleration and the indicated-vslooity
reduction by about 10 percent (fig. 4). Figure 5 shows
thes computed oharaotsristioe of the airplane with the
upper flap Jocated at 0,7920 and the lower flap located
at 0.4C¢; this arrangement produced the samo acceleration
and indicated~velooity reduoticm as the arrangement having
both flaps at 0.793e¢ Lut precducad a muoh larger change in
wing pitching-moment coefficient., Data in references 1
and 2 irdicate, however, that there would be lese wake
effoct on the tall of the fighter airplane under coneid-
eration if the e%agegered flaps were used, Ths estimated
wake locatione are indicated in figure &.

Combination of Slotted and Split Flaps

The cocputed characteristice of the airplane equipped
with a slotted flay and three sizes of perforated upper-
surface split flap locnted at 0.80c are shown in figures
7 to 9, Prom trhese figures it can be essn that the flap~
dsflection system and the size of the upper-surface flap
can be go designed that the effects of tns flaps on angle
of attack and wing pitching-noment coefficieat will Ye
minimized.

A more corplete determination of the effects of any
of the flap arrangements on the longitudinal stadility and
sontrol ehould s made by wind-tunnel teets of a complete
model of any propnosed installatior. Past experience has
shown that, in aay brake iratallatior utilizing split
flaps, the area of the flap should be reduced dy at least
26 percent by perforations in order to9 reduce tail buffet-
ing.

Operating Forces

A large amount of data hae been pudlished on the
hinge~moment and {0ad characteristics of various split
and slotted flaps, but comparatively littie is xnown about
the effects of perforationa or of various wmethods of op-
eration on the forcee required to deflect u«rlit flaps.
The results of some experiments on various methois of op~
erating split flaps have been reportedl in reference 1 but
the sffecte of large anounts of perforation were apparently
not oonsidered. In view of the rapid flap operation re-
quired at uigh velooitiee in the use of fighter brakes,




1t 1e¢ recormended that additional research be undertaken
to detoerming the sffects of perforations and methods of

operation on-the loads and the operattns Ioroc- of bruko
fl.’lo o .

CONCLUDING RRUARKS

An approximate method for ths applioation of data on
varioune types of flap to the design of fighter brakes has
been presented together with several examples of its ap-
Plication. The examples presented show the oomputed ef-
feots of flap type, size, looation, and defleotion as well
as the effeots 0f al%tituds and initlial velocity on the
braking sharaoteristios of a fighter airplane. The results
of the study indicated the desirability of obtaining more
conplete data on the various types of flap and also the
desiradbility of wind~-tunnel testa for detasrmining the ef-
feots of the brake flaps on the longitudinal stability and
control oharaeteriutio- of the airplane,

In view of the oomparatively rapid flap oporntion re-
quired at high velocities in tae use of fightsr brakss,
it appears that additional rsssarch on flap loade and op-
erating forces is neceseary.

Langley Hemorial Aeranantionl Ladboratory, .
National Advisory Committee !or Aaronnutio-. .
Langley Tield, Va. .
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Figure /.- Three- view dra wing of the fighter aripime
assumed in the computations.
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