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

By Ise E. Beddy eand Walter C, Willlams

SUMMARY

The results of numercus unrslated tests of dive—recovery flaps
are collected in this report and presented in a form sultable for
use in the preliminery design of dive-recovery flap installations,
Since the dats were obtalned for asirplene models of gulte widely
varying configurations, and are limited largsly to & Mach mumber of
0.80, 1% is 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.

IRTRODUCTION

Conslderable difficulty has been experienced with many

modern conventional 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 a small split flap movnted on the lower surfaece of the

airplane wing. A typical installation on a wind—tunnel model is

shown in figure 1, and an experimental 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 1gh3.
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 Memorial Aeronsutical Leboratory with a North American
XP-51 airplane. Mcre recently the Ames 16-foot high—speed wind
tunnel has tested dive—recovery flaps on e number of airplane models
In conjJunction with more general Ilnvestigations.

- It is the purpose of this report to collect all the available

- RESTRICTED
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data on the subject and present them in a form which will serve as

a gulde for the preliminery design of dive-recovery flapa. By
necessity, many factors pertaining largely to airplame configuration
have heen ignored. Consequently, a filght—test procedure 1ls rscom—
mended. It is believed that the date presented herein, 1f used in
conjunctlion with the recommended flight—test procedure, wlll faclili-~
tate the developement of eatisfactory dive-recovery-flap lnetallations
for most conventional airplanes. ' -

SYMBOIS

The following symbols are used in this report:

General

v free--stream velocity, feet ﬁer second
p free—-sgtream mass density, slugs per cubic foot
o} free—stream dynamic pressure (%ﬁvz), pounds per square foot
M Mach number(/ 'l - )

\velocity of sound
AM increase of Mach number over that for lift divergence
P progsure cos_:fic jont

[(local gtatic prassur§)~(ffee;éffeaﬁ étafiéupféssure)]
- q ) J

Por critical pressure coefficient (P at which the local velocity
equals the local velocity of sound)

g acceleration of gravity, feet per second per second
Faa dacroase of total pressure from freo-stream total pressure,
pounds por square foot
Alrplane or Model Dimennions

s wing aresa, square foeet
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Sr total flep area, squarce feot
b wing spen, feet
by total £lep span, fect
be elevator span, feet
M.A.C. wing moan asrodynemic chord, feet
Cw average wing chord at the Tlap, feoet
cf average flap chord, fect
ca2 mocn~-sguare olovetor chord, square feet
x longitudinal distance from the wing leading odge, feet
Coefficients
crL, 1ift coefficient <1—q*§ﬁ>
- Cm pitching-moment coefficiont @imgﬂﬁjﬁ“f“)
Ny increase of plitching-moment coefficlent for conmtant 1ift
= cocfflicient dus to the flaps
MACmyy  incroose of wing pitching-moment coefficient for comstent 1ift
coefficlont duo to the flaps
XCp increase of dreg coefficient duc to the flaops <increa.z§ of drag
Che elevator hinge—moment coefficient ‘“Mgﬁ_%gg___:oﬁ.ﬁ)
Angles
o alrplene or model angle of attack, degroes
Oy uncorrected engle of attack, degroes
Dot increasc of angle of attack for constant 1ift coefficlent

due to the fleps, degroes
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at airplene or model tail angle of attack, degrves
Ja's 28 increase of tell angle of attack at constant 1ift

cocfficlont dus to the flaps, degroes

[+ flap doflection, degreces
(%Y olovator dofloction, degroos
ABoq increaso of olovator floating angle due to theo flaps,

degroos

RESULTS
Souyrcoe of Data

The wind~btummol data colleocted in this report arc the rcsults
of numerous unrelatod toste conducted in tho Ames l6—foot high-speed
wind tunnel from Octobor 1942 to Junc 1945, Soveral improvoments
off the model support system wore mada during this porlod, partic—
ularly with repard to increcasing its critical Mach mumber and
reducing 1ts interference at high Msch numbora, Although all the
data have been recently corrected for tarcs, comstrliction, and flow
inclination due to the support systom wccording to lacest knowlodge,
scme discrepancles may bo prosent becausc of tho verylng intorforonco
of different support systems and difforent flap positions rolativoe
to the supports.

Tho flight date erc the resulta of tosts conducted by tho
Langley Laboratory.

Progentation of Rosults

Baglc deta.— Thu offoct of dive-rocovery flaps on the lift and
piteching-moment characteristics of the models tostod in tho wind
tunncl 1s shown in figuros 3 to 14, Included in oach figurc is a
half plan viow of tho model as well as pertinont goomctrical 1aforma-
tion on tho Tlap instellation. Additional informatlon concorning
tho bohavior of the flape may bo gained from figuros 15 and 16,
which show tho offect of typlcal installntlons on the wing chordwise
prossurc distribution and on the wing weke ot tho horlzonmtal taill
piano. Tho drag coefficlent due to all the flops tosted 1s sumna—
rizod in figuro 17 for the purposc of detormining thelr offsct on the
velocity of the alrplanc. It ghould be noted that tho dreg
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coefficicnt of each installation was divided by the ratlo of
projected flap frontal erea to wing area in order to account for
difforont flap sizes on the various models.

Flap offcctivoness.— Although the purpose of the dive—recovery
flaps on & particular airplanc is to Increase its trim 1ift coeffl-
cient, it is most convenient to consider flap offectivencss as the
increase of pitching-mamont coefficient &t a givon 1ift coefficlent.
By so doing, the effoct of conter—of gravity position is eliminatod.
Furthermorc, in order to reduce tho data to & form sultabls for
gonoral application, it is necessary to consider not tho total
pitching momont incroment but the individusl contributing factors.
Thesc arc (1) the offect on the wing pitching-moment cheracteristics,
and (2) tho effoct on the tail 1ift (or pitching momont due to the
tail). Tho socond factor mey bo attributod meinly to a change of
tail anglo of attack and a change of olovator floating angle. {The
rosults indicatec that changos of tail officlency are small and may
be ncglectod.) Thoreforc the total pitching-moment coefflcient duo
to the flaps may be roprasonted by the following equation:

. ANom = Aomyy + Loug <§‘E’f>m + ABgg <§%§)mt

In turn, the change of tail angle of attack may be attributed to a
change of airplenc anglo of attack for a glven 1ift coefficient and
to a chango of downwash at the tell due to the altorod spenwlss
distribution of 1ift with tho flaps deficcted. Both are depcndont
upon the lift developod by the flaps. Hence, the change of tell
onglo of otteck may be representcd by the product of (1) the change
of airplanc anglo of atieck for = givon 1ift coofficiont, which is
largoly & function of tho silzc and chordwisc location of tho flaps,
end. {2) tho retio of change of tail angle of atteck to chengo of
eirplanc anglo of attack, which is mainly a functiom of spanwiso
location of tho flaps. Thoreforo,

o0m = Mmg + m(é%)(%m + hBeg @%‘ﬁ)% (1)

Also, if the clevator characteristics arc linear within the range
being considerod, and 1t is assumod that the change of clevator

- floating angle is attributeblc mainly to the change of tall angle
of attack,
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It should be remombered that the changse of tell anglo of atitack
considered hore is an averago along the span of tho talrl, and oqua-—
tion (2) ie applicable only if ‘the tall characteristics are essen—
t1ally constant along tho span.

Valueg of AOmy,, O, ond Axy/fo were computed for oach flap
installation tested and aroc given in figuros 18 to 21, slnce all
other fectors in the forogoing equation are charoctoristics of tho
particular airplane and not of the flaps. 6Sinco most of the flaps wore
tostod at soveral deflections, plots were first mede of Ao agoinst
the ratlic of projocted flep frontal area to wing area 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 arca and mean
aorodynamic chord (such as the example in fig. 18). An average
linear variation throughout the usable range was assumed as Indlcated
by the daosghed lines in the oxample; the slope of theass lincs was
then takon a8 tho effectiveness of the flaps and plotted against
Match numbor in figure 19, Vealues are shown for 1lift cocfficlonts of
0.00 and 0.40, corrosponding to typical conditions for a vertical
divo and for modorate recovory from a high—specd dive. In flgure 20
the offectivoness is shown as a function of chordwilse location of the
flaps for congtant valuecs of Mach number relatlve to the Mach
number of 1ift divergence, Howover, 1t should be remembered that
the resulie are for models having quite varied configurations, and
the effects shown mey not be dus entirely to chordwise locatlon.
Complote data for fleps at various chordwise positions on the same
model are evallablc only for the YP-80A model, and the curves shown
in flgure 20 are faired through the data obtained for this model.
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FPigureo 21 shows a front view of each installation tested and the
corresponding valucs of Aat/Ax. (Plots wore first mede of Aatfla
whlch rovealed no approcisble variation with flap deflection.)
Figuros 22 and 23 show typlesal offects of flaps on the elovator
characteristics. Figure 24 presents the results of flight tosts
made with a emall airfoil mounted in the high-spocd—flow rogion of
the airplnno wing in ordor to obtain qualitetive informotion .
concorning tho cffcctivencss of dive—rocovery flaps at Moch numbers
neoar 1.0.

Although it is realized that meny secondary fcctors (such as
airfoil section, wing aspect ratio, and support intsrference). influ—
once the effoctivoness, 1t 1s imposegible to complotely determine
thelr megnitude from the data at hond. For this rcasom, it is
dosirable that cech now installeotion be carcfully flight—tecsted before -
final approval, Figurce 25 shows the rosults of such & tost.

DISCUSSION
General Bohavior of Dive-Recovery Flaps

Flap defloction.—~ All the flaps teosted were well forward of
- the wing trailing edgs and exhiblted the gencral cheracterlstics of
spoilers. For low Mach numbors the smell doflecticns were relatively
inoffoctive ard in some casos had reoversed effoctivoncss. For high
Mech numbers, howover, tho roversal tonded to discppoar, and for
practical purposcs the effectiveness may bo assumod to vary linearly
with tho projocted flap frontal erea. (See fig. 18.)

Mach numbeir.— In generel, tho effectiveness of the flaps

increesed conslderably with increasing Mach mumber to well past tho
Mach number of 1lift divergonce. (See fig. 19.) As shown in the
typicel prossurc distribution (fig. 15) tho pressure recovory eft
of the flop was less campleto at high Mach numbors, causing =
congidoerable incromont of negative pressure ovor o large portion of
the upper wing svrface. Also, the uppur—surface shock moved aft
whon the Tflaps wure defleocted. Both of these effecta contributed
to the flap offoctivencss, Howover, thoro is evidonco that the
effoctlvonoss will docroase sharply shovo somo Mach number botweon
thet for 1ift divergoncc and o Mach number of 1.0. (Soe fig. 24.)
Moroovor, it is bolieoved that the Maoch number et which the flap

- offectivonoss decreasos will more closely approsch the Mach numbar
of 1ift divorgecnce as the letber approaches a valus of 1.0. It is
Important, then, that axtreme caution be oXorcised in testing dive—

- rocovery fleps on airplancs having a very high Moch nmumber of 1lift
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divergonco.

It will bo notod that tho ilncromont of wing pitching-momont
coofficlont due to the flaps becemo moko nogative as tho Mach nwnbor
incrensed. (Seo fig. 19.) This is due to the fact that the increasc
of Mach numbor ceused an incrodse of flap offoctiveness which was
applied largely to tho wing oft of the position of tho uppor-surfcoce
shock. In order to provent sorious changes of tall loads and o
docrovago of the totel flap offectivenoss, it is dosirable thet tho
chango of wing pitchlng-moment coefficient be as small as possiblo.

Location on tho wlng.— In presonting tho rosults it wes assumed
that the factors Au end ACmy are predaminantly affected by tho
8izc and chordwisce location of the flape on the wing, whils tho
factor dat/am is largoly a function of tho spanwlse location of
tho flaps. This assumption is based on simple thoory and should bo
valid oxcopt for casus where three—dimonsional offoects arc largo
(such as for fleps moar the wing tip), or for instellations which
are greetly affected by interferonce of fuselage, nacolloa, etc.
Mcreover, it should be noted that most of tho wings tostod woro
oasentially unswept and the values of ACyy, given in this roport
will not necessarily be correct for wings with considorcbls sweop.
A swopt-back wing with flaps inboard of tho moan aorodynzmic chord
probcbly would oxhIbit more positive valucs of OCm,. Also, the
effectivonoss of the flaps probably would be less on highly swupt
wings duc to the croas flow.

In gonoral, the flops locatod well forward on the chord of tho
wing wero more satisfactory than those nearer the trailing edge.
(Soo fig. 20.) The forword flaps produced a grector docroasc of
anglo of attack for constent lift coefficient, and also causod
smaller nogetive shifts of tho wing pltching-momont coefficlent.
Lergc negativo shifts of the wing pitching-moment ccofficicent
should be avolded slnce thoy not only weduce tho total effectlivonoss
of the flaps but may causc serious incroascs of tail loads., Howovoer,
thero 1s a practical limit to the forwerd location of the fleps.
The range of positive 1lift coofficlonts for which the forward flaops
wore effectlivae wos considorebly =smallor than that for the roarward
flaps. (See fig., 5.) Also, the flaps in. tho mors recrward positions
mainteined their offectivencss to a slightly bhighor Mech numbor then
¢id thoso nocaror the loading odge, especilally at tho highor 1ift
cocefficients. Apparontly the flow behiind the flops which ware woll
ahoad of the lowor-surface minimum—presgurc point had a strong tond—
oncy to return to the wing surface. For this roason, dlve—rocovery
flaps on airplanes requiring a high 1lift coofficilont for dive rocov—
ory should bo locatod farthor aft than thoss on alrplonnos requiring
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a lower 1ift coofficlont. It appears that tho optizum chordwise
flep location for airplanes requiring approximntoly 0.40 1ift coeffi—
c¢isnt is about onc—third of the wing chord back of the leading odge..

Tho change of tall engle of abteck /A 1s shown in figuro 21
for all the flepes tested. Values of Axg/Aa varled fram cbout 0.8

for a model with tho flaps completely outbozrd of the teil to about
2.0 for a twin—fusclage model with the flops ontirely in front of the
teil. Typicel veluoas for fleps partially in front of tho tail wero
betwecn 0.9 =nd 1.,2.

Wing soction.— No comprehensive reosulits are availoble which
will show thoe offocts of wing scction on the behavior of dive—
rocovory flaps. It has aslrecady boen montioned that the chordwisc
position of the upper—surface sheck night affoct tho wing pitching—
noment coefficient duo to the flaps, cnd that the chordwisc position
of the lower-surfece minimuwm—pressure point probably affects tho
behavior of flepe located ncar tho wing leasding edge. Within tho
range used on airplancs at present, wing-thickness ratlo must be
accounted for Iinasmuch as it affects the Mach mumber of 1lift
divergence. o

-k h igtics.~ In developing oguction (2) of the
- section cntitled "Resulte,” it was essumod that the changs of
clevator floating angle due tc the flnpas arose from the change of
teil angle of attack. This cesunption 1s substantiated by the
- rosults shown in fignres 22 end 23. The dive—-recovery flaps did

not groatly change the elevator floating zngle of tho modol whose
clevator hingo noments wore essontielly unaffected by changes of
tail angle of ettack {or airplane 1ift cocfficient). However, ao
lexrge ckange of elevator floating snglo was notcd for the model the
elevotor hingo nmaments of which varied considerebly with tail angle
of attack., At a Moch numbor of 0.70, tho elevator hingo momonts
with the fleps deflocted apposred to be about the sams for s lift
coofficiont of 0.40 as they wore with the flaps rotracted for & 1ift
coefficiont of about -0.1. Thies indicates that tho fleps doersased
tho tail angle of attack about 3.5° (wsing a measurod value of 7.0°
for Ja4/dCL). The lift and pitching-noment results (Figs. 11, 19,
and 21) indicate a decroesc of tall angle of cttack of 3.1° and 3.6°
at 1lift coofficients of 0,00 and 0.40, rospoctively. In view of tho
sbeence of Informetion for a wider range of modola, the results arc
conclusive cnough to Justify the assurmpiion.

It 1s significant that tho flaps did not chonge the elovator
effectivonoss of the two modsls for which date are availablo. As a
- result, it can be assumod that the horizontal—tail effectivencss
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would not be soeriously affocted, snd flep-retracted values of
(3Cm/d80)qy, and (Cm/Sat)e mey be used in the oquations
for total pltching-moment coefficient due to the flaps.

Structural and Moechanical Considerstioms

Flop loads.— Limited prossuro=distributiomn neasurorionts have
boen mado on typical dive-rocovery flaps which indicate a trapezoidel
chordwise loading with a maximum loading at tho hinge linc. For
practical design purposes a uniform chordwiso loading mey bo uscd.
Bxcept for aniall doflections where the pressurcs might be reversed,
the normel~force coefficient may be acssumed to voary lincarly with
flop defloction to a volue of 1.1 for a deflection of h5°.

Rato of flop defloction.— The flap actuating mechanism skould
be supplied with sufficlent power to deflect the flaps rapidly. The
ratos of flap defloction for succossful installations tested in
£1light have boen such thet full flap doflection was reached im 1 to 1%
seconds. BSlower retes of deflection result in dangorous response
lag snd & conscquent greator loss of altitudo during rocovery fronm
a dive. In addition, tho adverso offocts of the flops for small
deflectlons are acceontuatod. :

Buffeting.— It has boan shown that the most effoctive spanwisc
location for dilve-recovory flaps is directly in front of tho hori-—
zontal tail. Although no conclusive data axo availablo on tho
nattor, there may be some danger of teil buffeting with flope In
this locetion. Thorofore, o compronisc spanwiso locatlon 1s
rocormondod that pleces the flaps in front of only the outboard
portions of the tail, especially on airplancs which do not have a
particularly high teil position with rospsct to tho wing., Also,
isolated cases of wing buffeting heve been roporicd with divo—
rocovery flaps deflectod, wherein the landing fleps vibratod through
o. comparatively small amplitude. It is bolieved that this was duo
to a small amount of pley in the landing—flap rostreint mechanisnm.

Recommended Design Procoduro

It has been shown that the effectivoness of divo-rocovery flaps
in incroasing the pliching-momont coefficiont of cp alrplanc 1a
maintained past tho Mach numbor of 1ift divorgence for the alrplano.
However, the trim 1lift coefficient and resultant accolerstlion ero
less at Mach numbors above that for 1ift é&ilvergonce boccuse of the
increasod stetic longltudinal stobility. (Seo fig. 25.) -Honco, a
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successful dive-recovery flap instellation is one which will effect
sufficient {but not excessive) recovery of the airplane from a dive
t¢ any Mach number and altitude, which the airplanse is capable of
attaining, without causing undue stress on any part of the alrcraft
gstructure. The following procedure for the preliminary design of
dive—recovery flaps for a particular alrplane is offered:

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

2. Compute or estimate the elevator—£ree pitching-moment
characteristics of the airplane with the normsl center—of-gravity
posltion for the above Mach number, From those characteristics
determine the pitching-moment—coefficlent increment necessary to
trim the airplane at the 1ift coefficient of step 1.

3. Select a flap location on the wing which is structurally
suiteble for the airplane (around 30 or 4C percent of the chord and
partially in front of the horizontal tall if possible).

b, Assume the flap size for a comparable installation from
~ figures 3 to 1k,

5. Compute valuos for A, ACm,, and AayfAa from figures
; 20 and 21 Tor the flap slze assumed and a deflection of 30°. (This
will allow some adjustment of the effectlveness during flight tests
if necessary.)

6. Compute ACm wusing the equations developed in the section
entitled "Results." If the elevator characteristics are linear
within the renge being considered, squation {2) may be used; other—
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 does not agree with that
of step 2, repeat the procedure with & different flap slze.

Once the flap size is established, it would be wise to campute
the acceleration avallasble from the flaps for &1l Mach numbers and
- altitudes which the airplane is capable of attaining, for both the
mast forward and the moet rearward cenmter—of—gravity position. Also,
tho tall loads with the flaps deflected should be checked if it
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appeoars that the flap location chosen will result in an approciable

value of Alp..

Recammonded Flight—Test Procedure

In viow of preoviously mentioned deficiencies of the avallable
data, it is doeirable that each new dive-recovery-flap installation
be carefully flight~tested befors finel approval. A gtop--by-—stop
procodurce is rocommended which consists of trimming tho alrplanc
for a given spood and doflecting the flaps. Tho stick-froe condl-—
tlon should be simulated and tho olovator comirol used only to
prevent excossive accolerations. Moasuremcnte should be mode of the
Mach numbor and altitudo at which tho flaps sre deflected and of the
maximum a2ccoloration obtalned during the rosulting maneuver.

Runs should be mads throughout the specd range, but it 1s
desirasble that the firest runs be made et comparatively low Mach
numbors end high altitude in order to avoid oxcessive accoloratioms.
A running record should be kept so that the flap effectivencss at
the highor Mach numbors may be enticipated.

Particular care should bo exerclsed in obtaining data above
the Mach number of 1lift divergence for the airplene. The desiroed
Mach number should bo approachod gradually at the minimum diving
anglc necessary to attein that Mach number at the altitude belng
used. As a result, the meximum Mach numbor of any particular run
will be only slightly greater than the Mach numbor for which data
have alrosdy boen obteined. Following the above procautions will
rosult in cbtaining the necessary information with a mexlmm
dogree of safety.

CONCLUSIONS

An analysis of the data colloctod in this report indicates
the following:

1. In order to obtain maximum effectiveness, as well as to
avoid tall buffeting and large increasos of tail loads, divo-—
rocovery flaps should be located about one~thlrd of the wing chord
from tho leading cdge with part of the flap in front of the out—
board portion of tho horizontel tail.

2. All the flaps tesgtod wore effective ebove the Mach numbor
of 1ift divergence for the alvplane.
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3. The flap offectivengse probebly will becoms negligible at
some Mach number between that of 1ift divergence for the sirplsne
and a Mach number of 1.0,

4, All new dive-recovery-flap instsllations should be carefully
flight-tested, especially those intonded for use on airplanes with
& very high Mach number of 1ift divergence.

Ames Aeromeautical Leboratory,
National Advisory Committee for Asronautics,
Moffstt FPield, Calif.
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(b) Flap fully retracted.

Figure 2.- Dive-recovery flap located on left wing of the
XP-b1 airplane.
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