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NACA ACR No. 5D20  

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE  REPORT 

HIGH-SPEED WIND-TUN1!EL TESTS OF A 0.3-SCALE 1I0DEL 

OF THE P-47D AIRPLANE 

By William T. Hamilton and Lee E. Boddy 

S Ul·I1·{A.R Y 

Presented in this report are the results of high-speed 
,·rind-tunnel tests of a 0.3-scale model of the P-47D airplane. 
Included are the aerodynamic characteristics of the model, 
pressure distributions on the wing and horizontal tnil, ele­
vator hinge moments, and tuft photographs showing the flow 
over the wing and horizontal tail. 

The results indicate that, at level-flight lift COef­
ficients, the P-47D airplane will not exhibit a diving ten­
dency belo~r a Mach n'~mber of 0.78 at an altitude of 20,000 
feet or belo~1 a ~lach number of 0.72 at an altitude of 
40,000 feet. The ~ch number at "hich the lift, drag, and 
pitching-moment coefficients diverged rapidly froe the low­
speod values is about C.15 higher than the critical Hach 
nuoeer. This is an unusually large margin. 

I~'TRODUCT ION 

As the speed of an airplano approaches the spood of 
sound, drastic changes in its aerodynamic characteristics 
gonorally take place. In ordar to approach logically tho 
problems encountored in high-speed flight, it is necossary 
to determino thnso high-spoed charactoristics and tho de­
gree to which they vary from those at low speod. 

This report presents the results of tests of a 0.3-
scale model of the P-47D airplane which woro carriod out in 
the Ames l6-foot wind tunnel in order to obtain information 
ooncerning the high-speed characteristics, es:~ecially the 
longitudinal stability. trim, and control. Referenoe 1 
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presents the results of tests of this same model to deter­
mine the usefulness of dive-recovery flaps under the wing in 
gaining additional longitudinal control. 

The 0.3-scale model of the P-47D airplane was designed 
and built by the Ames Aeronautical Laboratory. The wing, 
fuselage, vortical fin, and horizontal stabilizer were each 
constructed of a steel spar covered \1ith mahogany. The rud­
der and elevator were cast of aluminum and the engine cowl 
was formed from sheet aluminum. The elevator deflection was 
controlled remotely through a unit which incorporated an 
electric motor for power, an ele~tric strain gage for meas­
uring the olovator hinge moments, and a selsyn motor for 
indicating tho elevator anglo. 

Figure 1 is a three-viet., drawing of the mo~.el. T:!e 
~ore important dimensions are as follows: 

~'~iJl£ area, sq ft • • • • 27.000 

~.: inc: s!Jan, fl:; • • • • • • • • • • • 12.233 

_40£1.:1 aerodynamic chord, ft • • • • • • • 2.187 

~-ril1b section • " . • Republic 5-3 

1'Tin'3 thickness at root. porcent chord • • • • 15.0 

:'ling incidenc~ at roo t , dog • • • • 1.00 

l'ii ng incidence at t ip , deg . • • • -2 .. 96 

Horizontal-tail area. sq ft • • • 4.95 

?iorizontal-tail length (c. g. to elevator hinge 
1 ine ) • ft . . • • • • • • • 6.786 

Eorizontal-tail incidence. deg • • · • 2.8 

• The wing and horizontal-tail stations are denot,d by 
thoir distances in inchos alonG thq surface from tho center 
lino of th., model. 

The modol was supported in tho wind tunnel by throo 

 

• • \ • -I' - , 

'. l'···. . " 



, 

•• 

NACA ACR No. 5D20  3 

struts as shol'n in figure 2. Angle-of-attack variation was 
obtained by vertical movement of the rear strut. The forces 
and moments were recorded by self-balancing, recording, beam 
scales. 

S Yl.ffiOLS 

The symbols used in this report are defined as follol's: 

V free-stream volocity, feet per socond 

q free-stream dynamic pressure (~pva), pounds per 

square foot 

l~ Mach number ( V ) 
velocity of sound 

5 wing area, square feet 

li.A.C. mean aerodynamic chord, feet 

lift coeffioient (l!;t,) 

o.rag coefficient ~d;~g ) 
Cm pitching-moment coefficient (PitChing mO',len. ) 

qS 1·I.A.C. 

angle of attack of the fuselage reference line, 
degrees 

angle between the fuselage reference line all~ the 
tunnel cp.nter line, degrees 

elevator deflection, degrells 

elevator-tab deflectiDn, degrees 

angle between the stabilizer and the fuselase refer­
ence line, degrees 

static pressure in free stream, pounds per SPUl'.re 
foot 
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st~tic prossuro on the model surface, pounds per square 
foot 

P ;:>.:cssuro coefficient (~_PB"\ 
q / 

criticnl ~re8~uro coefficiGnt (P at which tho local 
~~locity equals tho loc~l velocity of sound) 

critical 
','~:licll 

:Iach 
P cr 

number (froe-stream Hach number at 
is first reached on the model) 

R'USU1TS 

The r.:oi\ol of the P-47D airplane 1'/aS originally mounted 
on 13-1]erceat-thick shielded struts for tests (fig. 2(a» , 
and 1l1.ter 0;1 r,n improved 5-percent-thick unshielded strut ((I~ liP; 
system (fi~. Z(b». The wing and tail tuft studies, ele-
vator hinee rnoments, and horizontal-tail pressure distri-
bution and effectiven~ss, presented in this report, were 
obtaine~ frou tests with the l2-percent-thick strut system. 
They hav0 be~n checked and found to be essentially unaf-
fectai\ b~ t~e change of mOdel-support system. All other 
data in t~is report were gained from tests with the im-
proved 5-percent-thick strut system. 

T~e I·riad-tunnel dynamic-pressure and ~lach number 
calibr1'.tions, support-strut tares, and mOdel-constriction 
correction I·rer" obtained in the manner described in ref­
erence 2. 

T:le follol'ling corrections w,.re applied to account for 
the effect of the "ing-tunnel ~talls: 

Angle-of-.:".tt::'..c~: correction. 

Drag-coefficient correction 

Pitchins-no:Jent coefficient correction 

1.060 01 (deg) 

0.0185 c1
a 

0.0200 0L 

The ~ltchin~ moments "ere referred to a center-of-
~ gravity locntion 1.650 inches below the fuselage reference 

line a,,~ above the 27.5 percent point of the mean aerody­
namic chord. 
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DIS"CUSSI01T 

General Characteristics 

The lift, drag, and pitching-moment characteristics of 
the P-47D airplane model are sho~rn in figures 3 to 7. The 
lift changed only slightly with speed except that a sharp 
decrease in slope occurred at a successively lower lift 
coefficient for each higher Mach number. Up to a liach num­
ber of 0.65 the lift-curve slope increased only half as 

~uch as predicted by Glauert1s relation 1 

jl_l~a 
e.nc!. u:p to 

a Bach number of 0.815. the limit of the tests. the angle 
of attack for zero lift changed only slightly. 

The drag coefficient remained essentially constant 
"lith speed up to a Mach number of 0.60, then ste.rtecl in­
creasing slowly at the low lift coefficients and more rap­
idly at the high lift coefficients, and finally increased 
ra~idly at all lift coefficients. 

The variation of pitching-moment coefficient 'Tith !'!ach 
n\tnber ~las similar to that discussed in reference 3, Above 
the critical Mach number for each lift coefficient, the 
static longitudinal stability increased to three or four 
times the low-speed value. It should be noted that for 
lift coefficients of 0.1 or Isss, and through the range of 
Bach numbers included in the tests, the change in t~e lift 
coefficient for balance l1as small. The pitching-r.1oment 
coefficients for the model without the tail indicated nega­
tive stability up to a Mach number of 0.69; then the stability 
increased until, at a Mach number of 0.815, it "ms essen­
tially neutral. This increase of stability at hiGh speed, 
dus to the wing and fuselage alone, was equal to one-~alf 
the stability increase of the complete model. 

Wing 

The wing pressure distribution ~ms meaaured nt t'10 
stations, 10.80 (figs. 8 to 15) and 30.00 inches from the 
center of the span (figs. 16 to 23). Station 10.80 11as 
just outboard of the wing fillet and had slightly greater 
neGative pressure coefficients than station 30.00 until 
"lell past the critical Mach number. 
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As Boon as the peak-pressure coefficient ceased to 
increase with speed, the pressure coefficients at station 
30.00 became more negative than those at station 10.80. 
The pressur~ variation over the' upper surface of t :le \fing 
at constant angle of attack remained similar to that at 
10"1 speed until the critical Mach number was exceeded by 
15 to 20 percent, after mich the paak-pressure coefficient 
became less negative and separation of t he flo~1 occurred 

6 

at the higher angles of attack. The pressure variation 
chc.nged in a like manner over the lower surface of t;"e ,dng 
except for the formation of hlln pressure peaks above t:le 
critical-preesure coefficient at high speeds anI.', u·a.,ative 
anGles of attack. 

The tuft photographs for the upper surface of t:le "Iing 
(figs. 24 to 26) indicated no areas of rough flov f~r lift 
coefficients belo"r 0.7 and a Mach number of 0.59, 01' P.t a 
1·1!'. ch number of 0.73 for 1 ift coeff ic ient s near zer 0 • The 
first area of rough flow to appear was a narrow bRnd at 
('.bout 30 percent of the chord, and it extended. outllc.rd from 
t:16 "ring root about one-third of the s emispan. This baud 
of rough flow appeared at about 0.72 lift coefficient and 
0.59 :1ach number, and was found at lo~rer lift coefficiants 
and higher 1·;ach numbers up to about 0.24 lift coefficient 
n.t 0.73 Mach number. The flow aft of this band ,·ras uec.rly 
as smooth as that ahee.d of it (fig. 26). From the pressure 
distribution at station 10.80 (figs. ll(a), 12(0.), c.nd 
13(0.»), it is apparent that this band was always at a ~oint 
Hhere the pressure coefficient sud.denly dropped fro:: (\ : .. uch 
:liGher negatIve value to a point belo~r the critic~.l vo.lue 
an~ then decreased over the rest of the chord about t~e 
sage as at low speeds. This band of rough flow is ~"nrent­
ly ce.used by a compression shock, which does not cn'.lse sep­
!'.ration, as there is smooth flow and a complete );>1'9S8Ure 
recovery aft or the shock. This pressure recover<" ;:01' ;;a.ch 
nuubers \~ell above the critical 8.nd even above t;lr.t at ,·rllioh 
a shock was ~rell developed partially accounts for the ~.elay 
of compressibility effects on the characteristics of tais 
r~odel. l1hen the angla of atte.cli: or LIach number "ras further 
iDCr~ased above the value at which the band of rou~~ ;:low 
ap11eared, the flow aft of this band also becaI:!e rou,;:-. r>.;td 
B~peared to be stalled, and the pressure recovery uns uot 
C om:,?let e • 

Tail 

Figure 27 shows the variation of stabilizer 8ffective-
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ncss with ~!ach number and lift coefficient, and figt.re 28 
shot1s the variation of pitching-moment coefficient tdth ele­
vator angle, Mach number, and lift coefficient. Increasing 
the !-iach number had only a slight effect on the increment of 
pitching-moment coefficient resulting from a given incre~ent 
of slevator angle, except at high speeds and high lift coef­
ficients. It decreased 25 percent at 0.6 lift coefficient 
as the Mach number t1aS increased from 0.64 to 0.68. The in­
crease in static longitudinal stability renders the airplane 
more difficult to control, even though the elevator r~tainB 
its ability to change the pitching moment at hibh s~eeds. 

The variation of elevator hinge-moment coefficient ttith 
elevator angle is sho~ln in figures 29 to 34. The slopo of 
the hinge-momant curves increased from about -0.004 at 0.29 
'·Iach number to about -·0.003 at 0.73 Uach number. V~,rying 
the angle of attack had eesentially no effect on the hinee­
~oment coefficients until high speeds and high lift COeffi­
cients ~lere reached. Difficulty was encountered in weD.sur­
ing the hinge moments at Mach numbers above 0.70 due to th& 
violent buffeting of the horizontal tail by the ·.rine; wnl:e 
I\t ~ngles of attack of 3 0 or more. 

The chord.ise pressure diet~ibution over tbe horizontal 
tail is presented in figures 35 to 58 for stations 10.00 and 
20.325. The peak-pressure coefficients were mucb lass nega­
tive than the corresponding peak-pressure coefficients on 
tbe tdng, indicating a higher critical llach number :oor the 
tail. The chorc'·.-ise variation of pressure coefficient main­
tained approximately the same pattern at high an~ lot/ ,~ch 
numbers but changed with angle of attack. A smr.3.1 negative 
pressure peak near th~ nose of the upper surface at station 
20.325 formed at the high angles of attack; this peak waa 
also observed at 50 angle of attack and 0.73 Mach ll=ber at 
station 10.00. 

The tuft photographs for the horizontal tail (figs. 59 
to 61) show no change \dth ~!ach number or angle of Bttacl~ 
e:~cept when the tail is in the ~lake of the win,: "t hibh 
s:Jeeds. As stated before, this occurred at about 0.70 ;·:ach 
number and 3 0 angle of attack. 'Ilhen the tail t'/as in the 
t"in,; wake, it shook violently - moving up and (lot:n as ouch 
as an inch at the tips - and the tufts (fig. 61) indic8ted 
that the flow over the upper and lower surfaces 'Ter'3 e::­
tre~ely rough. It would seem that the t~il was not stulled, 
since the pitching-moment curves shol. no decrease i:1 stc.­
bility for these conditions. 
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Limiting Conditions 

Figure 62 shows a summary of the limiting ::aci1 n.nmbers 
for the P-47D airplane as indicated by the tests of t~e 
a ,S-scale model. Also sholm in this figure are the lift 
D~~fficients required for level flight with a .in~ loading 
of 45 pounds per square foot. Curves (a), (b), .:l1l(1 (c) 
indicats that local velocities above the speed o~' sound 
"rere present on the P-47D airplane l1·odel at lif'. coeffi.., 
cients that correspond to level flight for all ~iach nu:;)bers 
Il.t an altitude of 40 ,000 feet, and for lelach numbers ."bove 
0.57 at sea level, and 0.60 at 30,000 feet. It will be 
notl3d that the Mach number at which t,he critical pressure 
coefficient on the 11ing ~'as reached (curves (b) aut', (c» 
11<"'.S exceeded by about 0.C18 before the peak-pressl:.re coeffi­
cients on the wing started decreasing (curve (d», nnl. by 
t •• Jout 0.15 before the sharp increase of static lor..:;itttdinal 
8t::>.bi11ty I~as encountered (curve (h». T'1is if! an u",usually 
lc.r.:;e difference. The changes in the general c~E'.r~.cteriE­
tics of the model occurred in the following ord",.·: (1) the 
t'.v.G rise (curve (f», (2) the increase of 10ngituc.i:1al 
strbility (curve (h», and (3) the decrease in the slo~e of 
tae 11ft curve (curve (g». Thl3 Mach number at ,"!ooich the 
tufts first indicated that a shock wave had formed (curve 
(e» was between the Mach number at l1hich the peak-)ressure 
coefficient on the wing decreased (curve (d» and th.t at 
uhich the general aerodynamic character ist ics chauGed 
(curves (fl, (g), and (h». 

The diving tendElncy, encountered with any furt:1er 
iucrease of speed (curve (k» is, to the pilot, the most 
important of the limiti~g conditions indicated l.y the curves 
in figure 62. This tendAncy appears at level-fliGht lift 
coefficients and with the 'levators fixed at Bach nurJbera 
rn~ging from 0.78 at 20,000 feet altitude (554 mph) to 0.72 
fl.t 40,000 feet altitude (478 mph). The use of dive-recovery 
fl~ps on the wing for additional longitudinal control at 
11ibh Mach numbers is discussed in reference 1. 

Figure 63 sho'~s the gliding velocity, !.Iach num'oar, and 
elevator angle required for balance with zero elevl'.tor-tnb 
~oflectlon for the P-47D airplane as calculated fran the 
~odel test results nnd from an extrapolation of the drug 
d~tll. (fig. 5). All glides ~lere calculated on the assu:1p­
tions of a starting speed of 250 miles per hour, nil initial 
nltitude of 40,000 feet, zero propeller thrust, ll.n' a ~ing 
loading of 45 pounds per square foot. It is of int~rest 
to Dote that for 2.11 threl') angles of glide, the DI'.xi11um 
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'·il'.ch number attained ,~as above that at ',hich the dra,,; coeffi­
cient started its rapid increase. In the vertical dive, the 
predicted m~ximum Mach number is 0.85 at 26,000 feet alti­
tude, !'Thile the predicted maximum speed is 617 mi Ie s per 
hour at sea level. The predicted elevator e.ngle I' re(:uired 
for balance, in the 150 and 30 0 dives varies only about 6 0 ; 
this is not considered excessive. In the vertical dive, the 
ll'.ck of elevator characteristics for j.jach numbers I".bove 0.78 
prohibited the prediction of the elevator Illl gle for balance 
over most of the dive. Calculat10ns based on the hiGh-speed 
data should be treated with reserve, owing to the extrapola­
tion of the drag coefficients. 

1, The P-47D airplane should not encounter P. i:ivinr; 
tondency below an altitude of 20,000 feet and a l:c.ch number 
of 0.78. 

2. The critbal Mach number is exceeded by ,-,.bout 0.08 
bofore the pee.k-pressure coefficient on the l'ling starts to 
become less negative. 

, 3. The critic81 :'ach number is exceeded by l'.bout 0.15 
before the sharp increase in static longitudinal stability 
is encountered. This margin is unusually large. 

4. The unusually large difference behTeen the critical 
::!'.ch number and the Hach number at which the aero(l~'n"mic 
c:'laracterist ics change mar)~edly is apparently due to the 
fl'ct that separation did not immediately follow formation 
of the shock. As the !<iach number or angle of i'.tt~.c:: further 
increased, the shock became more severe and separation 
occurred. 

5. On the basis of extrapolation of test dnt~ ~~C: the 
l".ssuc.:T.;tion of Z'lro propeller thrust, the ti8.ximul.l ;;,'.c:, aUll­

bor attainable in a vortical dive is O.8E at 2S,OOO feet 
l'ltitude, and the terminal velocity is 617 miles per hour 
nt sel'. level. 

Anes Aeronautical Laboratory. 
Hational Advisory Cora;nittee for Aeronautics, 

Moffett Field, Calif. 
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Lower surfaoe, au. _2.50 Upf)er surface, au • ~a.5° 

Lower surface, au • +.50 UJ)lIer eurface. au • +.50 

Lower surface, au. +50 

figure 59.- Tuft stud1es of flow over the hor1zontal ta1l of 
the P-47D airplane model. Mach number, .291 • 

 



• 

I # 

rll. 60 . 

 

Lower surface, au.. -2.50 U'VPer eurface, Clu • -2. SO 

Lo"er surface. au. ..60 

Lower surface, au - +6° U~~er Burface, Qu • +60 

flgure 60.- Tuft Btudles of flow over the horlcontal tall of 
the P-47D airplane model. Mach number, .691. 
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BACA ~R Bo . SD20 )'ig. 61 

Lower surface. au. -2.So UppBr surfaee. au • _2.So 

Lower Burface, au. +.So Upper surface, au • +.So 

Lower Burface, au - +So Uppe% Burface, au - +So 

J'igure 61.- Tuft stud1eB of flow over the hor1zontal tall of 
tho P-47D airplane model. Mach number, .731. 
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