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NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

EESEARCH MEMORANDUM
A SUMMARY AND ANATYSIS OF DATA ON DIVE-RECOVERY FLAPS

By Ise E. Beddy and Walter C, Willlams

SUMMARY

The results of numercus unrelated tests of dive—recovery flaps
are collected in this report and presented in a form sulitable for
uge in the preliminery design of dive-recovery flap installations.
Since the dats wers obtalned for sirplene models of guite widely
varying configurations, and are limited largely to & Mach nwber of
0.80, it 1s recommended that each new installation be carefully
flight—tested. before £inal approval. A flight—test procedure is
outlined which will insure 2 maximum degree of safety.

IRTRODUCTIOR

Considerable difficulty has been experienced with many
modern conventionel slrplanes in recovering from high-speed dives.
As a result, varlous corrective devices have been Investigated,
the most successful of which has been the dive-recovery flap. This
device is & small split flap movnted on the lower surfece of the
airplane wing. A typlcal installaticn on a wind—~tunnel model is
shown In figure 1, and an experimentzl installation on an a.irplane
for flight tests is shown in figure 2.

Dive—recovery flaps were tested first in the Ames 16~Foot high—
speed. wind tunnel in October 1942, and were first tested in flight
by the Lockheed Aircraft Corporation from December 1942 to April 19hk3.
Subsequent flight tests were mede by the Army Alr Forces and the :
Republic Aviation Corporation with a Republic P-47 airplane and by
the Langley Msmorial Aeronsutical Lsboratory with a North American
XP-51 alrplane. Mcre recently the Ames 16-foot high—speed wind
tunnel has tested dive—xrecovery flaps on & number of airpleane models
In conjunction with more general Investigations.

It is the purpose of thie report to collect all the avallable
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data on the subject and present them in a form which will serve as

a guide for the preliminasry design of dlve-recovery flaps. By
necessity, many factors pertaining largely to airplane configuration
have been ignored. Consequently, a flight—test procedure 1s recom—
mended. It 1s belleved that the data preosented herein, if used in
conjunction with the recommended flight—test procedure, will facili-—
tate the developement of gatisfactory dive—recoveryhflap inestallations
for most conventional airplanes.

SYMBOIS

The following symbols ere used in this report:

General
v fres—stream velocity, feet éer second
p free—gtream mass density, slugs per cubic foot
q free—stream dynamic pressure (#5¥2), pounds per squars foot
¥ Maok muiber (velocityvof s'ou:id.)

AM Increese of Mach number over that for 1lift divergence
P

progaure coefficiont

[(local gtatic prassure)~(fvee—stream static pressure)]
- q . -

Por critical pressure cosfficient (P at which the local velocity
equals the locael veloclty of mound)

e acceleration of gravity, feet per second per second
OH docrogase of totsl pressure fram freo-stream total pressure,
pounds por square foot
Alrplane or Model Dimensions

s wing ares, square foeet
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M.A.C.

total flep area, square feot

wing spen, feot

total £lep span, feet

elevator span, feet

wing nmcan asrodynemic chord, feet
average wing chord at the £lap, feet
averago flap chord, fect

mocn—square olovebor chord, square feet

longitudinal distance from the wing leading odge, feeot

Coefficients

1ift coofficient (%)

/
pitching-moment coefficicnt pitchénﬁ onéent>
q - L d L ]

increase of piiching-moment coefficient for conmbant 1ift
coofficient dus to the flaps

incroase of wing pliching-moment coefficient for constent 1ift
coafficlont due to the Llaps

increaso of dreg coefficient duc to the flops (increa.z; BISCERR

P
elevator hinge—moment coefficient (2levabor hingo momont
q co2 beg

Anglaes
alrploene or model angle of attack, degrues

‘uncorrected engle of attack, degroes

Increase of angle of attack for constant 1ift coefficient
due to the fleps, degrees
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ot alrplene cox model taill angle of atbtack, degroes

Ja's 21 increase of tell anglo of attack at constant 1ift
cocfficiont duwa to tho flaps, degroes

&p flap doflection, degreos
(SN olovator dofloction, dogroes
A8 increaso of olovator floatinz angle dus to tho flaps,

degroos

RESULTS
Sourco of Data

The wind~bumnol data collocted in this rovort arc the rcsults
of numerous unrolatod tosts conducted in tho Ames 16~oot high-speed
wind tunnel from Octobor 1942 to Juno 1945. Soveral improvoments
of’ the model support system wore mada during this poriod, partic—
ularly with regard to incrcasing its critical Mach numbcr and
reducing 1ts interference at high Mach nimbors. Although 2ll the
data have been recently corrected for taros, constriction, and flow
inclination due to the support systom uccording to latoest knowleodge,
acme discrepancles may bo prosent bocauso of tho verying intorforonco
of different support systoms and difforent flap positions rolative
to the supports,

The flight date erc the results of tosts conductcd by tho
Langley Laboratory.

Progeontation of Rosulte

Baglc dsta.— Thu offoct of divo—rocovory flaps on the 1lift and
pitching—moment characteristics of the modols tostod in tho wind
tunnol is shown in figuros 3 to 14, Included in oach figuro is a
half plan viow of tho modol as well as pertinont goomctrical informa-—
tion on tho Tlep instellation, Additional information conoarning
tho bohavior of the flaps may bo gained from figuros 15 and 16,
which show tho offect of typlcal installations on the wing chordwise
prossurc distribution and on the wing weke ot tho horlzontel tall
plano. Tho drag coofficiont duo to all the flaps tosted 1s sumna—
rizod in figuro 17 for tho purposc of detormining thelr effsct on the
velocity of the alrplanc, It should be noted that tho dreg
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coefflicient of cach installzation was divided by the ratio of
projected flap frontal area to wing area in order to account for
difforont flap sizes on the varicus models.

Flap effectivoness.— Although the purpose of the dive—recovery
flaps on & particular salrplanc is to increase its trim 1ift coeffil-
cient, it is meost convenient te consider flap offectivencss as the
increase of pitching-moment coefficient &t a givon 1ift ceefficlent.
By so doing, the effoct of conbter—of gravity position 1s eliminatod.
Furthoermerc, in order to reducc tho date Lo a form sultabls feor
gonoral applicetion, it is necessary to consider not tho tetal
pitching mament incroment hut the individusl contributing factors.
Thosa aro {1} the offect on the wing pitching-moment characteristics,
and (2) the offoct on the tail 1ift (or pitching momont dus to the
tail). Tho socond factor mey bo attributod meinly to a change of
tail anglo of atieck and a change of olevetor floating angle. {(The
rosults indlicateo that changes of tail officlency are small and may
be neglected.) Therefore the total pitching-moment coefflcient due
te the flaps may be reprosonted by the following equation:

ACm = OCmy + o Gﬁ%}m + MBog (%%;)%

In turn, the change of tail apngle of attack may be attributed to a
change of airplane angle of attack for a glven 1ift covefficient and
to a change of downwaslh at the tall dus to the altored spanwlss
distribution of 1ift with tho flaps defiscted. Both are dependont
upon tho 1lift developod by the £laps. Heonco, the change of tall
onglo of atteck may be reprosentcd by the product of (1) the change
of airplone anglo of atteck for o givon 1ift coocfficient, which is
lergoly a function of the slze and chordwise locatlon of tho flaps,
end. {2) tho ratio of change of tall angle of attoack to chengo of
eirplene anglo of attack, which is mainly a function of spanwilso
location of thc flaps. Thereforo,

S0m = Xmyg  + m(é%)(%m + ABeg (%)mt (1)

Alse, 1if the slevator characteristics arc linear within the range
being considercd, and it is assumod that the change of elevator
floating apngle is attributablc mainiy to the change of tall angle
of attack,
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It should be remombored that the changs of teil angle of atitack
considored hore is an avorage 2long the span of tho tarl, and oqua—
tion (2) is applicable only if the tail characteristics are essen—
tially constant along the span.

Valueg of AOmy,, O, ond Axy/f were computed for oach flap
installation tested and are given in figuros 18 to 21, since all
other fectors in the forogoing equeation are charoctoristics of tho
particular alrplane and not of tho flaps. Sincoc most of tho flaps wora
tostod at soveral dsfloctlons, plots wore flrst meds of X0 agoinst
the ratlic of projocted flsp frontal area to wing arca and of Ame
againat tho ratio of the product of the projected flap fromtal arca
and wing chord at tho flap to the product of wing arce and mean
aerodynaemic chord (such as the exumple in fig. 18). An averago
linear variation throughout the usable range was assumed as indicated
by the dasghed lines in the oxample; the slope of these lines was
then takon a8 tho effectiveness of the flaps and plotted against
Math numbor in figure 19, Velues are shown for 1ift coocfficlonts of
0.00 and 0.40, corrosponding to typical conditions for a vertical
divo and for modorate recovery from a high—apecd dive., In figure 20
the offoctivoness is shown as a function of chordwlse locatlon of the
flapg for constant values of Mach number relative to the Mach
nunber of 1ift divergence, Howover, 1t should be remembered that
the resulis are Tor models having qulte varied configurations, and
the effects shown mey not be dus entirely to chordwise location,
Complote data for flaps at various chordwlse positions on the same
model are avallable only for the YP-80A model, and the curves shown
In figure 20 are falrced through the data obtained for this model.
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Figuro 21 showe & front view of each installation tested and the
corresponding valucs of Aay/Ax. (Plots wore first meds of Aat/ffa
which rovealed no approcisble variation with flap deflection.)
Figureos 22 and 23 show typical offects of flaps on the elovator
charaectoristics., Figure 24 presents the results of flight tests
made with a small airfoil mounted in the high-specd—flow rogion cof
the airplono wing in ordor to obtain qualitetive Informotion .
concorning tho cffoctivences of dive—rocovory flaps at Mzch numbers
noar 1.0,

Although it is realized that meny secondary fectors (such as
airfoil section, wing aspect ratio, znd support intsrferenco). infiu—
once the effoctivoness, it 1s imposalble to complotely determine
thelr magnitude frar tho data at hond. For this rcascm, it is
dosirable ‘that coch now installotion be carcfully flighi—tecsted before -
£inal approval., Figurc 25 shows the rosults of such & tost.

DISCUSSION
Goneral Bohavlior of Dive-Rocovery Flaps

Flap deflgction.~ ALl the flaps teosted were well forward of
the wing trailing odgo and oxhiblted the goneral cherncteristics of
gpoilers. For low Mach numbors tho smell doflecticns wore rolativoly
inoffoctive ard in some cosos had reoversed cffoctivences., For high
Mzch numbers, however, tho roversel tondod to discppoar, and for
practical purposos the effectiveness may bo assumod to vary linearly
with thc projocted flap frontal erca. (See f£ig. 18.)

Mach number.— In generel, tho offoctiveness of the flaps
increcsed considerasbly with Increasling Mach mumber to well past tho
Mach number of 1ift divergonce. (Seo £ig. 19.) A4Ae shown in the
typicel prossuro distribution (fig. 15) tho pressure recovery eft
of tho flap was less camploto at high Mach nuwbers, causlng =
consldoerablo incromont of nogative prossuro ovor e large portion of
the upper wing svrfasce. Also, the uppcr—surfaco shock moved aft
whon the flaps wure deflsctsd. Both of those offects contributed
to the flap offoctivencss., Howover, thoro is eovidonco that the
offoectivonoss will docroase sharply abovo somo Mach number botweoon
thet for 1ift divergoncc and o Mach number of 1.0. (Soo fig. 2k.)
Moroovor, it is bolleved that the Mach number et which the flap
offcectivonoss decreases will more closely approszch the Mach numbar
of 11ft divorgcnce as the letter epproaches a valus of 1.0, It 1e
important, thon, that extreme caution boe oxorcised in testing dive—
rocovery flaps on airplanos having a very bigh Maoch mumber of 1ift



8 NACA RM No. ATFO9

divorgonco.

It will bo notod that tho incromont of wing pitching-momont
coofficlont due to the flaps bocame moro nogatlive as tho Mach nwunbor
increcsod. (Seo fig. 19.) This is due to the fact that the incressa
of Mach numbor ceused an incredse of flap offoctivoness which was
cppliocd largely to tho wing oft of tho position of tho uppor-suricco
shock. In ordor to provent sorious chengos of tall loads and o
docruvaso of the totel flap offectliveonces, it is dosirablo that tho
chango of wing pltching-moment coofficiont bo as small as posasiblo.

Location on_tho wing.— In presonting tho rosults i1t wes assumed
that the factors A% end Almy are predouminantly affected by tho
8lzo and chordwiso location of tho flape on the wing, whilze tho
factor Aat/Ax is largoly a function of tho spanwiso location of
tho flaps. Thig assumption is based on simplo thoory and should bo
valid oxcopt for casos whore three—dimensional offects aro largo
(such as for fleps noar the wing tip)}, or for instellations which
are greatly affected by interferonce of fuselage, naccllos, otc.
Mcreover, it should be noted that most of tho winge toatod woro
essentially unswept and tho values of Alyy &lven in this roport
will not nocessarily be correct for wings with coneldorcble sweup.
A swopt-back wing with flaps inboard of th¢ moan aorodyncomic chord
probebly would oxhIbit mora positive values of OCm,. Also, the
effoctivonoea of tho flaps probably would be less on highly aswupt
wings duc to the croas f£low.

In gonoral, the flops locatod well forward on the chord of tho
wing were moro satisfactory then those nearor tho trailing odge.
(Soo fig. 20.) Theo forword flaps produced a grector decroaso of
angle of attack for comstent lift coefficisnt, and also causod
smaller nogativo shifts of tho wing pltching-momont coefficilent.
Lerge negativo shifts of the wing pitching-momont ccofflcient .
ghould be avolded since thoy not only reduce tho totel effectivencss
of the flaps but may csuge ssrioue incraasce of tail loads. Howover,
thoro 18 a practical limit to tho forword location of the fleps.
The range of positive lift coofficlonts for whilch tho forward flops
wore offectiva was considorebly smallor than that for tho roarward
flaps. (Soe fig. 5.) Also, tho flaps in.tho mors recrward positions
nmainteined thoir offectivenosa to a slightly hiighor Mech numbor thon
did thoso noaxor the leading odge, especilally at tho highor 1lift
coefflicients. Apparontly the flow belhiind tho flcocps whieh woro woll
ahoad of the lowor—surface minimum—presgurc polnt hed a strong tond—
oncy to roturn to tho wing surface. For thils roason, dlve-rocovery
flaps on airplancs rcquiring a high 1ift coofficiont for dive rocov—
ory should bo located ferthor aft than thoso om alrplnnos requiring
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a Jower 1ift coofficiont. It appears that the optimum chordwise
flep location for airplanes roquiring epproximatoly 0.40 1ift coeffi-
clsnt is about ono—third of the wing chord back of the leading eodge..

The change of tall engle of atteck /A% 1s shown in figuro 21
for all the fleps tested. Values of Aog/AM varied fram cbout 0.8

for s model with tho flaps completoly outboard of the teil to about
2.0 for a twin-fusclage niodsl with the flaps ontirely in front of the
tail. Typicel valuos for fleps partially in front of tho tail wero
betweon 0.9 cnd 1.2.

Wing soctiocn.— No couprehensive rosults are availaoble whick
will show tho offoctg of wing soction on the behavior of divo—
rocovery flaps. IT has alrocady boen montioned that the chordwlso
position of the upper-—surfacc sheck night affoct tho wing piltching—
noment coefficiont due to the flaps, cnd that the chordwiso position
of the lowor—surfece minlmum—-pressure point prcbably effects tho
behavior of fispe located necar tho wing leading odge. Within tho
rango used on oirplanes at present, wing-thickness ratlo muast be
accounted for inasmuch ag 1t affects the Mach number of 1lift
divergence. o

b h igtics.—~ In developing oguction (2} of the
section ontitled "Results,” it wes essumed that the change of
clevator floating ongle dus toc the flaps arose from the change of
teil anglo of ottzck. Thfs cssumption is substantiated by the
rosults shown in flguros 22 end 23. The dive—rscovery flaps 4did
not groatly chango the elevator flocating cngle of the model whose
olevator hinge noments wore essontielly unaffectod dby changos of
tail angle of ettack {or eirplane 1ift cocfficilent). However, e
lzrge ckango of elevaitor floating =znglo was notecd for the model the
elevotor hingo naments of which varied considerably with tail angle
of atbzack. At a Mach numbor of 0.70, the elevator hinge nomsents
with the fleps defloctod apposred to be about the sams for a 1ift
coefficiont of 0.40 as they wore with the fleps rotracted for & 1ift
coefficiont of gbout —0.1. This indicates that tho fleps decreased
tho tail anglc of attack about 3.5° (using a moasured value of T7.0°
for Jat/dCE). The 1ift and pitching-noment results (figs. 11, 19,
and 21) indicate o decreeso of tall angle of attack of 3,1° and 3.6°
at 1ift coofficients of 0,00 and 0.40, rospoctively. In view of the
abgence of Informelbion for & wider range of modola, the rosulis aro
conclueive cnough to Justify the asgumption.

It i1 significant that the f£laps 4id not chonge the elovator
offectivoncss of the two models for which date ere availablo. As a
result, it cen be assumod that the horizontal~tail effactivenoss
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would not bec serlouslty affected, end flesp—retracted values of
(6Cm/380)ay, ond (3Cm/Sat)e mey be used in the oquotions
for total pltching-momont cocfficient due to tho flaps.

Structural and Mochenical Considorstioms

Flap loads.— Limited prossuro=dlstribution noasurcrionts have
boon mado on typical divo-rocovery flaps which indicate a trapezoldal
chordwise loading with o maxioun loading at tho hinge lino. For
practical design purposcs a uniform chordwiso loading may bo uscd.
Bxcept for suall doflections where the pressurcs night be roversed,
the normel-forco coeffilcient may bo assumed to vory linoarly with
flop defloction to a value of 1.l for d deflection of 45°.

Ratg of flop dofloction.— The flap actuating mechanism skould
be supplled with sufficient power to deflect the flaps rapidly. The
ratos of flap defloction for succossful installations tested in
flight have boon such that full flap deflection was reaciied in 1 to 1%
soconds. Blower retes of deflection result in dangorous responso
lag and & consogucent greator loss of altitude durirng rocovory fronm
a dive. In addition, the adverso effocts of the fleops for emall
doflections are accontuated.

Buffeting.— It has boen shown that the most effoctive spanwisc
location for dive-recovory flaps is directly in fromt of tho hoxri-
zontal tail. Although no conclusive data are availablo on tho
natter, there mey be some dangor of teil buffoting with flops in
this location. Thoroforo, o compranmisc spanwiso locatlon is
rocoarmondoed that plecos tho flaps in front of only tho outboard
portions of tho tail, espocially on airplancs which de not have a
particularly high teil position with rospect to the wing. Also,
isoclated cases of wing buffoting heve been roported with divo—
rocovery flaps deflectod, wheroln the landing flaps vibrated through
o. comparativoly small amplitude. It ip bolleved that this was due
to a small amount of pley in the landing—flap rostreint mechanism.

Rccommended Deeglign Procodurco

It has beon shown that the effectivoness of divo-rocovery flaps
in incroasing the pitching-momont coofficiont of en alrplanc ls
maintained past tho Mach numbor of 1ift divergence for the slrplanc.
Howover, the trim 1ift coofficiont and resultent accelexration aro
less at Mach numbors above that for 1Lift divergonco bocause of the
increasod static lomgitudinal stebility. (Seo fig. 25.) -Honco, a
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successful dive—recovery flap installation is one which will effect
sufficient (but not excessive) recovery of the airplane from a dive
to any Mach number and altitude, whichk the alrplene is capable of
attaining, without causing undue stress on any part of the aircraft
structure., The following procedure for the preliminary design of
dive—recovery flaps for a particular alrplane is offered:

1. Establish the Mach mumber, altitude, and 1ift coefficient
at which the recovery is desired. (The drag due to the flaps may
be noglectad since appreciable changes of drag affect the veloclity
only slightly ebove the Mach number of 1ift divergence.)

2. Compute or estimate the elevator—<ree pitching-moment
characteristics of the airplane with the normasl center—of-—gravity
position for the gbove Mach number., From those characteristics
determine the pitching-moment-—ccefficlent increment necessary to
trim the airplane at the 1lift coefficient of step 1.

3. Select a flap location on the wing which is structurally
suitable for the airplane (around 30 or 40 percent of the chord and
partially in front of the horizontal tail if possible).

L, Assume the flap size for a comparable installation from
figures 3 to 1.

5. Compute valuos for oA, Alp,, and Aat/Ax Ffrom Flgures
20 apnd 21 Tor the flap size adsumed and a deflection of 30°. (This
will allow same adjustment of the effectiveness during flight tests
if nscessary.) :

6. Compute ACm wusing the equations developed in the section
entitled "Results." If the elevator characteristics are linear
within the renge being considered, equation (2) may be used; cther—
wisc, the change of elevator flcating angle should be determined
directly from the elevator characteristics and equation (1) should
be used.

7. If the ACm compubted in step 6 doea not agree with that
of sbep 2, repeat the procedure with a different flap size.

Once the flsp size is established, it would he wise to cumpute
the acceleration avallable from the flaps for all Mach numbers and
altitudes which the airplane ie capable of attaining, for both the

naost forward and the moet reasrward center—ocf—gravity position., Also,

the tail loads with the flaps doflected should be checked if it
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appears that the flap location chosen will resuli in an approcisble

vaiuo of Aﬂmw.

Recamonded Flight—Test Procedure

In viow of previocusly mentioned doficiencies of the avallabio
data, it is deeirable that each new dlve—recevery-flap installation
be carefully flight—tested boeforoe flnal approval. A stop-by-—stop
procodurc is rocommended which comslasts of trimming tho airplanoc
for a glven spoed and doflecting the flaps. Tho stick-Lrce condi-
tlon should be simulated and the clevator control used only te
prevent excesslve accolerations. Moosuremente should boe moade of the
Moch numbor and altitude ot which tho flaps are deflected and of the
maximum accoloretion obtalned during tho rosulting mancuver.

Runs should be mads throughout the speed range, dbut it is
dosirable that the flrst runs be made at comporatively low Mach
mumbors and high altitude in order to avold exceselve accoleratioms.
& running record should be kept so that the flap effectivences at
the highor Mach numbors may be entlcipated.

Particular carse should be exercised in obtaining data above
tho Mach number of 1ift divergence for the airpleone. The desirod
Mach number should be approachod graduaily at the minimum diving
angle necessary to attein that Mach number at the altitude belng
used. As a result, the meximum Mach number of any partlcular run
will be only slightly grester than the Mach number for which data
have alrecedy boon cbteined. Following the ahove precautions will
result in obtaining ths necessary infermation with s maximm
dogroe of safety.

CONCLUSIONS

An analysis of the daia colloctod in this report indlcates
the following:

1. In order +to cbtain maximum offectiveness, as well as to
avold tall buffeting and large increascs of tail loads, divo-
recovery flaps should be located about one—third of the wing chord
from the leading cdge with part of the flap in front of the out—
board peortion of tho horizontel tail,

2. All tho flaps testod were effective ebove the Mach numbor
of 1ift divergence for the alrplanec,
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3. The flap offectivensss probebly will becoms negligidble at
some Mach number between that of 1ift divergeunce for the asirplane
and a Mach number of 1.0,

4, A1l new dive-recovery-flep instellations should be carefully
flight-tested, especially those intonded for use on airplanes with
a very high Mach number of 1ift divergence.

Ames Asroneutical Isboratory,
Netional Advisory Committee for Asronautics,
Moffett ¥Field, Calif.



Figure 1,~ Typical dive-recovery-flap installation on a
wind-tunnel model,
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(a) Flap deflected 30°.

(b) Flap fully retracted.

Figure 2.- Dive-recovery flap located on left wing of the
XP-51 airplane.
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