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INTRODUGTION
Durlng the serviee teste on the YP=38 airplane. a ’
;violeut tall shaking accompanied by a strong diving tendency
'.‘wag encountered in dives at speeds correspondlng; to Mach
_mﬂlbers of about 0.68 and above. At the request of the
Army Alr Corps, Materiel Division, an investigation has been
conducted on the ¥P~38 alrplane in the NACA full-scale wind
tunnel to determine the cause of this tall buffeting and Aiving
;-tendency of the airplane end to inve stigate airplane modifica=
';tione» to eliminate these undesirable characteristics. The

| led to the bellef that the effeots were due o compressibility
%»and the tests consisted principelly of pressurs measurements
in order to e‘atimaté the oritical speed for the original and
;T'modifled errangements.  lMeasurements were also Emade to deter-
'. mlne the position of the wing and fuselage wake with reapeot

- the tall for the dive attitude of the alrplane.
I, Dt Gt )
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AIRPLANE AND TEST APPARATUS

y The YP=38 airplane is a single~place, twin-engine, low-
;‘g monoplane with a 52-foot spén and. a wing aree of 327.5

;-:!, are feet. The gross weie;hf of the aifplane is 14,500

b0 ds. The ll.5-foot-diameter, three-blade Curtiss constant-
propellers are driven through a 2:1 gear ratio by‘mison
1710»27 engines supercharged to a critical altitude of 25,000
’eet. :
| The NAUA full-soale wind tunnel and the balances used for
;ﬂ?kheae teste are described in reference 2. The method of mount=-
 ing the sirplane in the tunnel Jet is showm in figure 1. The
Taj)paratus uged for the wake=-gurvey measurements is desecribed in
'jreference e Surface} pressure mneasurements were made by

L meang of 1/16~inch statié-pfessure tubes mounted about 1/16

inch from the surface.

- RESULTS AND DISCUSSION

The resulte of the pressure~disgtribution measurements on
the YP=-38 airplane in 1ts original and modified conditions are
summarized in table I and sample pressure-dlstribution charts
ére ghown in figures 2 and 3%, The values of the peak negative
; preésures end their locatlon are given from the test results
and estimates are made of the critical Mach number gnd eritical
| gpeed at 20,000 fset. The estimates of the eriticsl Mach
number are based on extrapolation of the pressure measurements
. made at low speeds (fig. 4) by the method of von Karman
(reference 4)., ‘The values of the eritical speed estinated by

__thig method have in general asgreed with experiment. However,
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in which the shape of the pressure-distrihttion curve is

f.,n emely pesked at the forward part of the body.

The measurements show that the largest negative pressures

' in the wing-fuselage fillét, on the peak of the canopy,

nd on the wing between the fuselage and the booms. It 1is
stimated in the dive condition (Cp = 0.15) that the local

, sed of sound will be reached in the ving~-fuselage fillet at a
eed of 404 miles per hour at 20,000 feet a2ltitude. At speeds
‘ om 10 to 20 miles per hour above this, the entire region be-
tween the booms will reach the critical speed and be subject to
the accompanying compreasibillty separation,

" When the critical speed of a wing is reached and ghock

; 6cura on the upper wing surface, the flow separation which re-
1tz is accompanied by a decrease in the wihg 11ft; é sharp’

| neresase in the wing drag, and a strong diving tendency. In
11ght the pilot recognizes the phenomenon by the inereased

i oughness of the airplane ride and by the necessity for applying
jlarge gtick forces t0 avolid further nosing over. The diving
\_;tendency is contributed to both by the 1ncreage in negative
-'moment of the wing and the decrease in 11ift. In order to in-
vcrease the angle of attack of the airplane %o compensate for
'.-the decrease in 1if%t the pilot must exert a heavy pull on the

; gtick, In the case of the P=38 airplene the required stick
force was so high that it was necessary to use the elevator tab

9'111 the dive recovery.
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m | large drag increase resplting from flow seperation at
~;ébove the eritical effects a correspondingly large'1n~

Eé in the wake width and intensity since a correlation exists
B@n the weke width and the drag. If tids wake, which high=-
gchlieren photographs have shovm 0 possessan oscillating
:%n, passes over the tall surfaces it results in violent tall
??%ing due in pert to the changing angle of flow resulting
i?the ogscillation and in part to the fluctuations in velocity
éhe wakeAvortioas.

}i The Joint occurrence of tail buffeting and the diving ten-
;fy on the P=38 airplane'appears to be satisfactorily explained
.$'analysis of the meazsurements as an effect produced by attain=-
ﬂt of critical speed over the entire section of the airplane be=-
f;n the bocms, which rssults in a shafp inereasge in the airplane
iing moment and buffeting of the tall due to .the ving wake.

e methodsof alleviating the difficulties which were possible
ithe full-seale-tunnel tests resolved themselves into investiga~-
jong of meanes for increasing the critical speed and for loweringl

e weke at the tail.

fodification to Incréése the Critical SPéed
Uing., = The modlflcations that were applied to. the section
S‘the;wing between the booms to reduce the peak'prassﬁre and
B incrense the oritioal epeed consigted of 0.10c and  0.20¢
eadingweége axtensions (figs. 5 and 6) and a glove of NACA
66=115 gection (figs. 7 and 8). The pressure distribﬁtions in |
?he critical refions for thesge modificntiong are compﬁred in

ifioures 9, 10, and 11 with those of the oripginal sirplane, from
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fch 1% mey be summarized (table I and fig. %) that the maximum
grease in critical speed of 64 miles per hour is effected by
0.20c leading edge. The increases with the 0.10c leading-
extenzion and NACA 66-115 glove under comporable test con-
ong were 34 and U8 miles per hour, respectively. ‘The 0.20¢
ng-edge extension also had the largest unfavorable effect

| the static stability of the airplane (figure12) which corre-
to 2 forward shift of approximately 9 percent in the
rodynamic center. 4

Te counteract the undesirgble forward shift of the center
"‘pressure resulting from the addition of the 0.20¢ leading-
‘_a extension recommendations have been made (reference H) that
Prestone and oil radiator installations be located in the

f*f ended leading edge (fig. 13). The shift in the center of
ity accomponying tids modificatlon balances the change in
ter of pressure, so that the static stzbility is not affected
10, 14). '
v The relocation of the Prestone radiator in the 0.20¢ leading
serves the double purpose of increasing the eritical speed
reducing the dreg (reference 6). o

aead of the maximum thickness of the wing ond oan teper out into

he ususl wing section in a spanwise distonce of about O, 30.



pL- = The revisions applied to the ofiginal canepy
15, 16, and 17) were designed to incresse the radlus of
re over the canopy pesk and elimlnate the larger negetive
res occurring there. The second canopy revision which

d the longest nose length and the largest radius of curva-
f educed the pressure from =0.92q, to -0.68% (fig. 18)
_hponding to en increase in critical speed of 44 miles per
'at 20,000 feet altitude. Lengthening the fuselage about
and fairing 1ntp .thie revised ecanopy did not further
the pesak pressures but provided scomevhat more gradual pres-
; recovery in the region in which separation might occur at
Mach numbersa, The second revisgion of the cagnopy is an
‘1en".: conmeanion modification for the O. 20¢ leading-edge -
"sion gince their critical speeds are about the same, 1. e.;

d 468 miles per hour, respectively.

: Wing Wake Deflection

fAs a posslible solution for overcoming the tall-buffeting
cies, it has been suggested that the wing flaps be lowered
:8 the dive. It was hoped that this would serve the double
ae of reducing the négamve pressurés on the wing and of
oting the weke of the fuselage ranc'i wing below the hoﬂzontal
r surfaces. Tests were made with the flaps dei’lécted ong~=
.,' one~third, and one-half of full deflection, corresponding
1a.p angles of 7°50°!, 14°20', ana 18035', respectively. Fig'-

19, 20, ond 21 indicate that there was a general tendency
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wake to move downwsrd with flep deflection; however, the
spread so that there was only a slight beneficial effe'ot.A
‘-scale»c-tunn‘el neasurements indicate that the horizontal
elightly above the edge of the wake. Near the critical
en the weke wldens, the %all will be immersed.

1y & small reduction of the negative pressures on the wing
3ffected 'by means of flap deflection, as shown in figure 22.
fairplane 1ift coefficlient of 0.15 the minimum pressures
Tbtamed with approximately one~third full flap deflection,
ch case the negative pressures in the fuselege fillet were
;ﬁ;ﬁ,ji .from =1.07q, %o -0;92%. A larger reduction than this

ld probably have been‘ef,fected. were 1t not for the fact that
‘,_ga gle=of=-attack reduction ‘required to obtaln the 1ift coef-

of 0.15 with flap deflected tended to unload the outer
‘bns of the wing and correspondingly increase the operating
;‘T:coefﬁc‘ient of the wing center section. / - '

:.In order to determine the change in alrplane trim due %o

:: deriection., mesgsurements of the pitching moment were made
,..’she wing flep deflected one-sixth, one-third, and one-half

g 23). In order to estimate the elsvator defleotion required
ance thie change in trim, measuremente of the elevator
‘;etlveness-were made aznd are gilven in fipgure 24. From these
2 1t may be caloulated that the elevator deflection required
trin the airplane for 'a chenge in flap angle of 18°35' 1e

3,6°. The additional stick force required to deflect the
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ator 3.6° 111 depend on the initlal elevator setting for the
:,,p condition. Measuremente of pressures over the tail

ace and tall-surface fillets are given in figures 25, 26,

27. It will be noted that with the elevator deflected 4
v_;' nega’civé presaure value of =0,6q vwas measured on the . - -
l surface of the stébilizer. This corregponds to a critical
of 475 miles per hour, which is higher than that expeoted
the best wing-fuselage fillet and canopy modifications,

ficel speeds for all sections of the tall and tall fillets are
,er for the case of the undeflected elevator. Serious dif-
pulties due to the direct effect of the attainment of oritical
ged on the tall are therefore not predicted from the full=-scale=-
el teste on the originsl sirplane; however, if the wing and
vopy modifications are made or if flaps are used for deflecting
i-lake in the dive, further consideration should be given to
ucing the pressures on the tall,

? Incidental o the study of the flow at the tall of the YP-'}S
. plene, measurezﬁents of the downwash were made ahead of the
bilizer for the case of the original wing and the NACA 66-115

‘ ig glove in the dive condition. ~ The average downwash across

e tall span was 1.2° for the origilnal wing and 1.8° for the
6=115 wing glove.
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SUMIARY OF RESULTS | |
: * The buffeting and diving tendency of the YP=38 airplane i
§‘to compressibility effects on the wing center sectlion :
jnopy which produce a decrease in the sirplane 1ift, an |
,}ee'in the airplane diving moment, and a strong.waie over
tedl.
f%. The critical speed at which the compressibility effects
jﬁvimportant may be delayed from 50 to 60 miles per hour by
Ii;ng the wing leading edge about 0.20¢, by rounding over the
py pesk, and refairing the boom fillets. The moment changes
t0 the leading-edge modiflcation can be counteracted by
iating the Prestone and oil radistors in the extended leading

' 3, Deflecting the wing flaps in the dive will slightly
ove the tell buffeting but will increase the elevator deflec= |

g required for trim. - - )‘

‘14. Raising the tail above the wake will eliminate the tail
feting but will not decrease the dlving tendency,

4 ;

' 5. Reduction of stick forces in the dive pull-out may

;isitate an cuxliliary elevator balaneing device.
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Figure 6. - Modified P-38 airplane with 0.10c leading-edge extension
and second canopy revision.
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