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RESRARCRMEMORANDUM 

LIFT, DRAG, AND RINGR MOMENTS AT SUPERSONIC SPEEDS OF 

AN ALL-MOVABIZ TRIANGUIAR WING AND BODY COKBIRATION 

By William C. Drake 

SUMMARY 

This report presents hinge-moment data for a wing-body combination 
at Mach numbers of 1.46 and 1.99; in addition, lift and drag results 
are also presented at the lower Mach number. The model tested con- 
sisted of an aspect ratio 4, triangular, all-MOVZible wing with an 
8-percent-thick .double-wedge section mounted on a pointed cylindrical 
body of fineness ratio g-l/3- At the lower Mach number, the test data 
cover an angle-of-attack range from about -6O to about 15O with wing 
deflections rangtig from -5* to l6O; at the hfgher Mach nrrmber, the 
respective ranges are from about o -5 to about 28O and o" to 160, 
Results of systematic tests made to determ2ne the effects of Reynolds 
number, fixing transition on the body nose, and wing-body gap width are 
also presented. 

The results contained in this report show that the triangular, all- 
Y movable wing has a relatfve effectiveness (defined as the ratio of 

experimental lfft to theoretical lift) ranging from 63 to 98 percent. 
For equal angles, the lift and drag rise due to wing deflection are less 
than those due to model angle of attack. Stice the maxirmun center-of- 
pressure shift was found to be only about 3 percent of the mean aero- 
dynamic chord, the control can be fairly closely balanced over a large 
range of angles of attack and deflection at a Mach number of 1.46. The 
effects of the variations of Reynolds number and gap and of fixing 
transition on the body nose are shown to be negligible or small. 

Comparisons are made between experiment and theory. The theories 
used are discussed and shown to be adequate within the ranges of angles 
of-attack and deflections for which the theories are applicable. 
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INTRODUCTION 

In a review of the literature for tie preparation of reference 1, 
it was found that there were relatively little experimental supersonic 
data currently available op hinge moments of all-movable wings. It is 
the Purpose of this report to present data for a body in combination 
with a triangular wing at Mach numbers of 1.&.6 and 1.99 and to compare 
the results with available theory. 
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SYMBOLS 

plan-form area of body, eq in. 

foredrag coefficient, total drag - base drag 
@B 

foredrag coefficient when a = O" and 8 = O" 

hinge-moment coefficient, hinge mament 
ss$ 

rate of change of hinge-moment coefficient with angle of attack, 
kh 
ba. r per deg 

lift coefficient, uft 
@B 

rate of change of lift coefficient with angle of attack, &L 
per deg i§c' 

mean aerodynamic chord, 2 cr, in. 
3 

section drag coefficient for an -finite cylinder 

root chord of wing (at body juncture), in. 

body diameter, in. 

wfng-body gap width (at 6 = o"), in. 

c 
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RN lift-ratio parameters for body nose, body in presence of wing, 

%W) 
and wing in presence of body 

kB(W) 
(See ref. I for complete definitions.) 

KWb) 
*(B) 

. M Mach number 

Q 
Y 
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B(W) 

exp 
H rr 

mfn 
Y 

dynamic pressure, ,lb/sq in. 

Reynolds number, baaed on body length 

body cross-section area, sq in. 

distance from leading edge of wing-body juncture to center of 
pressure of wing panel in fraction of wing root chord 

distance from leading edge of wing-body juncture to hinge line 
in fraction of root chord 

distance of center'of pressure of the wfng panel from the hinge 
line in fraction of mean aerodynamic chord 

angle of attack, deg 

angle of attack for minTmum drag, deg 

wing deflectTon angle, deg 

relative effectiveness of the wing in lift, fCL)em 
(CL1 the0 

correction to cd, for finite iength . 

Subscripts 

body (exclusive of nose) Fn presence of wing 

expertient 

hinge line 

miniMuM 
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N nose 

nom nominal 

theo theory 

W wing alone 

W(B) wing in presence of body 

a a variable, 6 constant 

6 6 variable, a constant 

NACA RM,A53F22 

Coefficients used without subscripts refer to the wing-body com- 
bination. 

Ffgure 1 shows the positive sense of all coefficients, angles, and .A 
directious. 

THEORETICAL CONSIDERATIONS 

Lift 

In reference.1 it was shown that the total lift of a body-wtig 
combination is 

i 

CL- 'N + KB(W> + %(B) + kw(~) j= La ] s\(c x (1) J 

Equation (1) can.be separated fnto its component parts: lift due to 
a&e of attack 

ML" + KB(W) + %(B) (6 constant) 

and lift due to wing deflection 

EL = 
c kB(W) + bw(B) ] 6 @h)w = %(B) 6 t&) w b conatant) 

(2) 

(3) . 

” 
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Reference 1 stated that experTmental values of (CL)~ should be 
used when available in preference to the value from linear theory. The 
experimental value of (CL), at M = 1.50 for a geometrically similar 
wing (ref. 2) was corrected to a Mach number of 1.46 and utilized in the 
calculationa; its value ie tabulated in table I. The value of (Ck), 
from linear theory is about 15 percent higher than the experimental 
value. Alao listed in table I are the various lift-ratio parameters 
(obtained from fig. 1 of ref. 1) required for equations (l), (2), or (3). 

Drag due to Uft is calculated from 

crl = CD0 +-$-J 
-I[ 

%7(B)" + kw(B)" (aG + &) + 
3 

KN($)}(cI,x+(t$k~I$~ 
+ kR(w)" 1 cs + 

where, for the wing-body combination teated, 

(4) 

cQfn = &- 55 - [ J (5512 +%S ( >I GT (51 

These equations were taken from reference 3 and converted to the notation 
of this report. The theory assumea that there is no leading-edge suction 
on the wing and that the resultant force on the body nose acts at a rear- 
ward inclination of u/2 from the vertical in accordance with slender- 
body theory. The final term of equation (4) accounta for the effect of 
body crossflow on min5mum drag but does not affect the drag rise; it 
was shown in reference 3 that inclusion of this term resulted in better 
agreement between theory end experfment. According to equation (4) the 
drag curve is a parabola; hence, the rate of drag rise 

(CD - CD&J / (a - "&h12 LB the same at all deflectiOnB. E3perzi.menta.l 
values of CD0 from the current tests are used in eqU&tiOn (4) BfnCe the 
theory determines drag rise only. The various quantities requfred for 
substitution in equation (4) are listed in table I. 
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Hinge Moment and Wing Center of Preeaure 
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In reference 1 the following equation wan advanced for the hinge 
moment of a wing in the presence of a cylindrical body: 

Equation (6) can be separated.into its component parts: hinge moment 
due to angle of attack 

Ach = - ~(B)[(~~(B~~(~~](~)(C~~ (s constant) (7) 

and hinge moment due to wing deflection 

Ach = -1CW(B)[(~)w(B)~(~)H](~~La)W8 (a conBtant) (8) 

It W&B pointed out in reference 1 that if &he theoretical values of 
x x - 

0 
and - 

" W(B)a 0 cr W(B)6 
were used in the foregoing equations, accurate 

values of the hinge-moment coefficient were usually not obtalned. An 
empirical modification was suggested to improve the method: Instead of 

the BUbEltitUtiOn of 

chart (fig. 4 of ref. 

(gktBJa and(.%-)w,B,6 as read from the deBfgn 

1) directly into equations (7) and (8), the chart 
values should.first be revised by adding the difference between the 
experimental and theoretical center:of-preseure poeitio~s of the wing 
alone; that is, -- 



NACA RM A5322 7 
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For the purposee‘of this report, the values of experimental wing-alone 
center of preaBure were obtained from the data of reference 2 and con- 
verted to the notation used herein. The values are given in table I 
along with the various other parameters required for the preceding 
equations. 

EXPERIMENTAL CONSIDERATIONS 

Apparatue 

Wind tunnel.- The teats were performed in the Amee supersonic wind 
tunnel No. lwhich h&s a test section ncsminally 1 foot wide by 3 feet 
deep. Thie wind tunnel is a continuous-operation, closed-circuit tunnel 
ti which both the Mach number and the Reynolds number can be varied. 
During force tests, the humidity of the tunnel air ia kept sufficiently 
low so that the effecte of condensation of water vapor in the Buperaonic 
nozzle are negligible. 

. 
Balance system,- A four-component, strati-gage type of balance 

Bystem, ahown in figure 2(a), was Used to measure the aerodynamic forces. 
The hinge moments were measured by meana of a strain-gage beam enclosed 
within the body of the model. Two different typeB of balance Bupport 
were used in the present investigation. For the M = 1.46 tests, the 
model and balance q&em rotated about a horfzontal axfs behind the bal- 
ance (Bee ffg, 2(a)); the maxkrum possible angle range with this support 
was only about -6O to +6O. The support employed for the M = 1.99 tests 
rotated the model-balance system approximately about the midpoint of the 
model body; an angular range of about -20° to +20° WaB possible-with this 
support. 

Model.- The model Used Fn this investigation COIISiBted of a body 
and ax-movable wing which were fabricated from Bteel. Dimensional 
data are given in figure 2(b) and table II, and the model is shown 
mounted in the tunnel in figure 2(c). AB can be Been in figure 2(a), the 
shafts of each wing panel (these panels are independent of each other) 
were supported by ball bearinga in the aides of the body, and their ends 
were clamped together and held by friction in one end of the gage beam. 
The other end of the gage beam wa8 restrained by the body structure, 
Deflection anglee were Bet by means of jigs whfch slipped over the body 
and had angular cuts that fitted against one surface of each wing panel. 
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Sting.- The modelwae supported on the end of a tapered sting 
which wa8 attached-to the balance beam. Axe8 Of the model and sting were 
coincident. For the M = 1.46 teats, two etings were Used in order to 
extend the angle-of-attack range of the model. one BtiIlg had itB aXi 

coincident with that of the balance and WELB Used for testing at anglee 
of attsck between almu% *60. The other .ating had its axis at approxi- 
mately 7O relative to that of the balance; hence, the angle of attack. 
could be varied from about lo to around 14O. For the tests at M = 1.99, 
only the 70 sting was used. 

8 
-. 

The portion of the s-tin@; between the base of the model apd the end 
of the balance wa8 surrounded by a shroud, the purpose of which wa8 to 
ehield that part of the sting from the air. stream. There was a gap of 
approximately l/32 inch (in the no-load condition) between the base of 
the model and the nose of the shroud to allow for drag-g8ge deflection. 

TeBtB and Methods 

At a Mach number of 1.46 lift, drag, and hinge-moment data were 
obtained for ranges of anglee of attack, wing deflection, Reynolds num- 
ber, and wing-body g8p. Moat of the teetf3 were run tith natural tran- 
sition of the boundary layer; for a few conditions, however, traneition 
U&B fixed on the nose of the body. Only hinge-moment, data were obtained 
at M = 1.99. All tests were run at zero yaw and zero bank. The scope 
of the test program ia shown in detail in table III. 

Angles of attack were determfned from photographa which ahowed the 
position of the model relative to a wire-grfd system affixed to the tunnel. 
For-those runs listed 88 "tranaltion fixed" In table III, two O.OlO-inch- w 
diameter wires were attached to the model about l/4 inch and 3/8 inch 
(2- 8nd &-percent body length) from the body nose. 

The drag data are preaented in terms of foredrag, that is, total 
drag minus base drag, and all further references to drag in this report 
mean foredrag unlees stated Othe??WiBe. Base drag was calculated from 
base-preeaure measurements made con&rrently with the force measurements. 
The base pressure wae measured by an orifice which wa8 located in the 
sting in the gap between the baee of body and the noBe of the ehroud. 

Precision of the Results 

Calculations were made to determine the precision of the data pre- 
Bented in this report. In addition, a considerable number of check runa 
(21 percent) were made to ascertain the reli8bility of the instrumentation - 
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and testing technfque used. A BtUdy of the data Bhowed that the precfsfon 
calculations and check rant tidfcated errors of approximately the Barne 
order of magnitude. The precision of the data ie summarized fn the fol- 
low- table: 

Item Precision 

M 
CL ::-:t . 
CD Go.02 
'h TO.002 
a TO.10 
Q To.003 in. 

, Model dimensions +I2 In. 

No corrections to the data for the effects of nonuniformitiee (Btream 
8ngleB and pressure-gradiente) ti the test afr stream were requfred. 

Some comments concerning the wing settings are in order. The jigs 
used in Betting the wings were machined to the nominal deflection anglee 
within close tolerances. However, there was 8 ByBtem8tic error in the 
settings; the left wing angle wa8 always greater, and the right Wang 
always less, than the nornIna angle by about l/&O on the average. Even 
though 8 differential angle existed, the precision of the average deflec- 
tion angle of the two win 

Q 
panel6 relative to the nom23231 angles given in 

this report is about fO.l . 

. RESULTS AND DISCUSSION 

The lift, drag, and hinge-moment data obtained et M = 1.46 and 
R = 5.7 million with the small wing-body gap and transftfon neturel are 
contained ti figure 3. Figure 4 presents the hinge-moment data obtained 
at M = l.gp.- 

Lift 

Effects Of a and 6.- AB sham in figure 3, the lift cUrveB for 
all deflections are eesentially linear et moderate anglee of attack. If 
the lift data of figure 3 are replotted against the total angle of attack 
of the wing a + 6, then 8n upper limit of linearity is found to exist; 
it is approxim8tely 8O for all the angle combinations of these tests. 
Above this angle there ie 8 gradual decrease in lift curve slope with 
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increasing angle of attack and increasing deflection, the deCreaBe due 
to S being greaterthan that due to 9. -@XimUm lift- wa.~ not reached 
in these tests, even at a + 6 w 31°. 

Comparisons with theory.- Theoretical lift is plotted in figure 3 
along with the experimental data. In the angle-of-attack range where-the 
experimental lift curves are linear, It is seen that the prediction of 
lift-curve slope (eq. (2)) is good at small valueB.of a + 6. Beyond the * 
linear range of the experfmental data, where the limita of the theory have 
been exceeded, the slope prediction is poor. The CL displacement -- c 
between the experimental and theoretical lift curvee, to be noted in the 
linear range of the experimental data, exists because-the theory for the 
lift-curve slope due to deflection (eq. (3)) is not as accurate as the 
theory for the lift-curve slope due to angle of attack (eq. (2)) - th$e 
fact was alBo shown in figure 8 of reference 1. 

Relative effectiveneBB.- The relative effectiveness of the wing 
in lift, 'I, -Is defined, for the-purposes-of this report, &B the ratio of 
experimental lift to theoretical lift for the wing-body combination. In 
the region Of zero lift, BlOpeB were Used in Computing q, and the eqeri- 
mental curve for 6 = O" WIXB shifted to pass through the.origin. Fig- 
ure 5 shows the variation of q for the all-movable, triangular wing- 
body combination. The relative effectiveness of this type of control is 
seen to be good throughout the angular range teeted. The decreaee in 51 
due to angle of attack is independent of wing deflection and amounts to 
about lO.percent at a = 15O. -The decreaee due to deflectfon is con- 
siderably greater and approximately linear, within the accuracy of the 
meaeurements, At low values of a + 6, the effectiveness is 98 percent; 
at a+6 = 31° it is 63 percent. 

Effects of Reynolds number, fixing transition, and wing-body gap 
width.- Systematic testa were made to ascertain the effects of Reynolds 
Y?iiZGr, fixing transition, and gap width on the aerodynamic character- 
iBtiCS. Presented in figure 6 are typical results from the teBtB that 
were conducted (table 111). Ffgures 6(a), 6(b), and 6(c), respectively, 
show that Reynolds number, fixing transition, and gap had little or ti 
effect on the lift data throughout the angular range teqted. Variationa 
in CL of the order of fO.l were considered small. The gap data pre- 
sented in reference 1 for four values of gap wfdth at only one Reynolde 
number end at zero deflection also showed little effect on lift. 

Drag 

. 

Effects of a and 6.- Drag coefficfent is plotted against angle of 
attack for various wing deflections in figure 3, where it can be seen that ~ 
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the curves are essentially of parabolic shape. If the drag data of 
figure 3 are crose-plotted against 6 for constant OG and compared with 
the comparable data of figure 3 (see fig. 7 for typical results), it is 
apparent that the variation of CD - CDmin with 6 fe only about half 

as much as the variation with a; this difference is predicted by theory. 
The ticrease in Chrl due to deflection $8 small as shown by the data 

l (fft3. 

16’. 
SDldl 

given 

3) up to 6 = 80 and by the trends of the curves for 6 = 12O and 
The slight asymmetry of the drag curves ia believed to be due to 
stream effects. 

Comparison8 with theory,- The theoretical variation of drag, as 
by equation (41, is plotted in figures 3 and 8 for comparison with 

the experimental data. Where the range of the data fe such that the drag 
curves of figure 3 can be superimposed 'at Chin and s,, the drag rise 
with increasing angle of attack, and consequently with lift; ia found to 
be Fndependentof deflection 88 predicted by theory (see eq. (4) and 
fig. 8 for sample results). For equal values of lift, the drag rise ie 
the same for any combination of a + 6. The deviation that appears in 
the high angle-of-attack range of figure 8 ie to be expected since the 
lift curves are nonlfnear above a + 6 W 8O. In figure 3, at small 
deflections, theory gives a good prediction of the drag coefficfent 
throughout the angle-of:@ttack range, As S Increases, theory overpre- , 
dicta the magnitude of the drag. Although it may appear that the devi- 
ation, shown in figure 3, between theory and experiment is due entirely 
to the inaccurate prediction of the drag rise, in reality the inaccuracies 
in predicting Chin and sin contribute a major part of the deviation 
(this is clearly shown ti fig. 8). 

Effects of Reynolds number, ftifng transition, and wing-body gap 
" width.- The systematic tests made to determine the effect8 of Reynolds 

number, transition, and gap (table III)2 as discuseed earlier in connec- 
tion with lift, also included drag. Typical results are presented in 
figure 9. It KBB found that the effects of Reynolds number, transition, 
and gap were small or negligible. Variation8 in CD of the order of 
XL 05 were considered small. 

Hinge Moment and Wing Center of Pressure 

The hinge-moment data obtained at M= 1.46 are presented In figure 3, 
and they are discussed in the following paragraphs. 

Effects of a'and 6.- Because the magnitude of the hinge moments is 
rather low, they have been plotted to a moderately large scale in figure 3. 
At 6 = O", ch is approximately zero throughout the angle-of-attack range. 
Positive deflection ha8 the effect of lowering the over-all level of the 
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hinge-moment curves, Ch becoming increasingly negative with increasing 
deflection. For.all deflections tested, except 6 = O", the hinge-moment 
variation with angle of attack is nonlinear. 

Wing center of pressure.- As the aerodynamic effects are not com- 
pletely specified by the hinge-moment coefficient alone, wing center-of- 
pressure position has been plotted in figure 10, wherein the center of 
pressure has been computed from the relation 

. 

Ch 01) 

The value of q for the wing-body combLnation (fig. 5) was used; this 
involved the assumption that the relative effectiveness of the exposed 
wing panels in the presence of the body is approximcltely the same as 
that of the wing-body combination. 

The good balance characteristics of a trfangular, all-movable wing 
control at M = 1.46 throughout the angular range are indicated by 
figure 10. At 6 = O",. the particular control arrangement tested is 
balanced at all angles of attack. For all a >l-1/2O, the wing center 
of pressure moves aft with increasing deflection, but, even at B = 16O, 
it is within about 3-percent c of the hinge line. At any constant 6, 
the center-of-pressure shift is not more than about 2-percent c at 
positive angles of attack. 

Comparisons with theory.- For direct comparison, the theoretical 
hinge moment given by equation (6) has been plotted Fn figure 3, and the 
theoretical center-of-pressure positions gfven by equations (9) and (10) 
have been plotted in figure 10. With regard to hinge moment, the agree- 
ment between theory and experiment in figure 3 is satfsfactory in the low 
and moderate angle-oftattack range, where the theory is applicable, at 
all deflections tested. In the high a range, especially at the higher 
deflections where the experimental curves become decidedly nonlinear, the 
theory fails to predict the magnitude of the hinge moment. 

1 

With reference now to figure 10, it is seen that the modified theo- 
retical prediction of the center-of-pressure position due to angle of 
attack at 6=0 o is almost within l-percent 5. of that obtained by 
experiment, which is within the accuracy limits of both experiment and 
theory. Theory gives a rearward shift in the center of pressure due to * 
deflection at a = 0' of about 2-l/2-percent c which fs almost exactly 
equal to the shift.found by experiment. Also shown in figure 10 are the 
unmodffied theoretical center-of-pressure positions given directly by the = 
chart of reference 1. The values are about 6-percent z aft of the 
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values given by experiment; thus, the modification to the theory used 
herein is justified for this particular wing-body combination, 

Effects of Reynolds number, flxing tr ansition, and wing-body gap 
width.- The tests (table III), discussed earlier, made to determtie the 
effects of Reynolds number, fZxing transition, and gap on lift also 
included hinge moment. A study of the results (sample show-n ti fig. ll) 
revealed that the effects of Reynolds number and fixing transition were 
small or negligible. v&rf&tfOn8 ti ch of the order of S.01 are con- 
sidered small. Some.effect of gap is shown in the vicinity of am 8O; 

,-the effect is not considered large, however, since the magnitude of the 
hinge moment is small due to the close bala&e of the control. 

Effects of Mach number.- Hinge-moment data at M = 1.99 are pre- 
sented in fi@;ure 4. It is to be noted that the hinge-moment curves have 
the same general shape at all deflections: The curves are nearly linear 
(average slope % w -O.OCXZ/deg) up to a total angle a + 8 of about !Zy", 
at larger total angles they are also essentially linear at a greatly 
fncreased slope (average C&a -O.O23/deg). This Increased slope appears 
to be due to a rearward shift of the center of pressure. The trend of the 
theoretl_cal hinge moment at M = 1.99 is, in general, sfmilar to that com- 
puted at M = 1.46; consequently, the results are not plotted in figure 4. 

Experimental hinge-moment data at Mach numbers of 1.46 and 1.99 are 
compared directly-in figure 12 for deflections of O" and 160. Mach num- 
ber is seen to have little or no effect on C!h &tangles of attack below 
6O. The trends of the curves are noticeably different at higher angles 
of attack, 

The followLng conclusions have been reached from a study of the 
results of systematic tests of a triangular all-movable wing and body 
configuration: 

1. The relative effectiveness, defTned as the ratio of experimental 
lift to theoretical lift, was between 63 and $3 percent throughout the 
angle-of-attack and deflection range tested. The theoryofNACARMAPM9 
was adequate for the predictfon of the lfft variation fn the low a + 6 
range to which it applies. 

2. For equal values of lift, the drag rise was the same for any 
combination of a +6; however, for equal angles the drag rfse due to 
deflection was only about half that due to angle of attack. The increase 
in minimum drag due to deflection was small. The theory of HACA RM A52I30 
was adequate for the prediction of drag only at small angles of attack and 
small deflections. 
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3. The VFng as a control can be fairly closely balanced over a 
large a, and 6 range since the maximum center-of-pressure shift was only 
about 3 percent of the mean aerodynamic chord at positive angles of attick 
at M =1,46. .-The-method of NACA RM ApIX29 for predicting hinge moment 
and center of pressure, as modifted herein,. gave fairly good agreement 
with experiment at OL + 8 less than about 20° at M = 1.46. 

4. Reynolds number variation, fixing transition at the body nose, 
and wing-body-gap width variation, over the range of variables tested, 
had little or no effect on lift, drag, or hinge moment at M = 1.46. The 
effects of Mach number on hinge moment were nil at low angles of attack. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, CalFf., June 22, 1953 
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TABIX I.- VALUES OFPERT~PARh@IBBATM=l.46 

(WW (calculated from ref. 2) ........ 0.291 
KN (ref. 1) .................. o.l20 
l$gw) (ref. 1) .............. F . 0.275 
KW<~) (ref. I) ................ 1.165 
IQ(W) (ref. 1) ................ 0.221 
+tB) (ref. 1) ................ 0.944 
CL (eq.(2)) ................. 0.454 
CQ (eq. (3)) .................. 0.339 

(ref. 4) 
y'(ref. 4) 

................................... 1.2 
0.605 

(calculated from ref. 2) ..... 0.620 

(ref. 1) .......... 0.650 

(ref. 1) .......... 0.668 

.............. 0.667 

.............. 0.6~ 

.............. 0.0041 

.............. -0.0041 
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TABLE II.- MODEL DI?@NSION.AL DATA 

[The dimensions given below are design values; maximum 
deviations are not more than 3~0 ..02 5 inch.] 

Body 

Length ........................ lo.%0 in. 
Maximumdiameter. ............ :. ..... 1.125 in. 
Fineness ratio ... .- ...... .- ....... . .. 9.333 
Base (and maximum cross-section) area ...... 0.994 sq in. 
Plan-form area .................. IO.473 sq in. 
Volume ....................... :- 8.83 cu ti. 
Noselength ...... . .............. 3.188 in. 
Nose shape ......... 30' cone with an ogivaltrans- 

ition section (tangent to cone 
and cylindrical afterbody) 

Wing 

Span(nogap) ................... 5.625 in. 
Area 

Exposed panels joined together ......... .5.&Z? sq in. 
Total. (leading edge and trailing 

edge extended to body axis) ........ '-7.912 sq in. 
Maximum chord 

At body juncture ................ 2.250 in. 
At body axis (leading edgeeand 

trailing edge extended) .... i ..... *.-; 2.812 in. 
Mean aerodynamic chord (exposed panels) ...... 1.500 in. 
Thickness ratio .................... 0.08 
Sweepback of leading edge ................ 45O 
Aspect ratio (exposed panels joined together) ...... 4 
Airfoil section ..................... ..-.- ... .: Symmetrical 

double wedge 

Miscellaneous 

Reference moment center (aft of nose) ........ 5.2% in. 
Wing-body gap 

Normal ...................... o.ol6 ill. 
Extended (for these tests) ........... 0.062 in. 

. 
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!I!ABI;E III.- SCOPE OF 'EIE TEST PROGRAM 

M 
I.w 

V 

1.95 

R x 10 -6 

1.3 
1.3 
2.8 

I 

2:; 
5*7 

I 
5=8 

-6 to 6 
1to 13 

-6 to 13 

-6 to 13 
0 to 13 

-6 to 6 

1 to 13 
-6 to 13 

-6 to 13 
0 to 13 

-6 to 6 
-6 to 6 
-5 to 25 

-5t5 

-5,05)2, 
5,8&%16 

098 

-5%5 

-5T15 

-5,:,2, 
5,9,=)& 
0,595 

-5c5 
0 

0,518, 
12,16 

da 
~0.013 
0.057 
0.013 

0.057 
0.057 
0.013 
o-057 
0.013 
o-057 
0.013 

0.057 
0.057 
0.013 
0.03 
O-013 

Fixed 
Fixed 
Natural 

I 
Fixed 
Fixed 
Natural 

lmcludes deflectim due to bending of eupport system under 1-a. 
*All data are presented in terms of these nominal values. 

-537 
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\ . 

ffelcme wind 

Figwe I. - Fbslive sense of o/I coef&iem$ ong18sa and dkecfiom 



(a) Scbemetlc diagram of model and strain-gage balancf? system. 

Figure 2. - &de1 and behce aptem. 

, I . 9 ‘1 I 



L t 

4 

ww- 
10; w 

(b) Drawing of th@ model 

Figure 2.- Conflnued 



Model on O" sting; 6 = O", balance at O" 

Model on 70 sting; 6 = 160, balance at O" 

(c) Ewtallation of m0ael in tunnel. 
Figure 2.- concluded. 

NACA RM A53F22 
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I 
4-2 W’ 
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Angle of uttuc&,a, disg 
/b) S~Z2" 

F&we 3- i22hw8d 
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8 . 

Angle of affrrck, a, o&g 
Ic) S=5” 
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t i i i i i i 

-6 -4 -2 ‘0 2 4 6 8 10 f2 14 16 
Angle of offack, a, deg 

(d) 8 = 8’ 
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7 
$72 
-\ 
k -6 -4 -2 0 2 4 6 8 f0 f2 f4 f6 

Angie of attack, a, deg 

fe) S ~12’ 
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I - u 0 Expefhent I / 
w 

6 -- Theory / , , , 

.8 

-6 -4 -2 0 2 4 6 -8 10. . /2 /4 /6 
Angfe of attack, 0; dg 

(f) S=/6” 
Figure 3- Contimed 

L 

* 

. 

. 



NACA RMA53222 29 

y- 
-8 -6 -4 -2 0 2 4 6 8 IO /2 # 

Angle of uffuck, aI oi9g 

471 a~+’ 
Fi@fe3.- Cmduded 



-3 
-4 0 4 8 12 16 20 24 28 

Angle of &tuck, 8, deg 
Rgure 4- Vatiation of htnge-mommt coefficient with ang/8 of ottock. M= 1.99, R--5.8 x I@, g/d = 

, 
, . 1 I t , 



. I 

/.6 

d2 c 

-6 -4 -2 0 

-- -- 

. 

I I 

qr/ - 

2 4 6 8 

Angle Of tlffcld, a, ia& 
. 



8 

6 

_ 

-% -4 0 4 8 12 f6-8 -4 0 4 8 
Angle of attack a, d?# 

-8 -4 0 4 8 I2 I6 

(a) Effect of ReynoW numb (b) EffMt af tmnsih. 

Fm 6 - Efkct on lift of Rqynofds number, fixing tronsilian, and wing-k&y #a. M = t.46. 

, 

‘I 

1 I . r 

. I 



4 4 

i.6 

I I I I I I I I 
-6 -4 2 4 6 8 i0 I2 14 /6 

0, or wing deflectioq S, deg. 

I I 

I I I I c, vs 69, 0 = 0’ -t-in/t I-/l 

R@re Z- Comparison of vatiaiion of drag coefficient With ongtb of attack and wifh 
wing deflection. M= 144 I?= 57x /Lyg/d= *o/3. 

w 
W 
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A0 
R 0. 

32-o 5.7x Job 
r) 

B- 

.8 

On 
-8 -4 0 4 8 JP J6 ‘-8 -4 0 4 8 ‘-B -4 0 4 8 J2 16 

+47@ of athd, a, o&g 

(0) E.mt of iikyw& tllfak (b) Ekt d ihmsJM. (c) EfW of gap. 

f&n19 9.- Eftkt oa OLog of Repadds tmbq fMhg ttwdmp md n+bo@ pp. MM6. 



Unmodlffed theory, tzf I 

Q variable,’ 8=0” 
./2 \ ! 

8 vafl&fe, u=P 
* 
fh 

I PC .08 
\,I-.- -- 

a 
s ‘* --m-m 
8 
9 .04 \ \ \ 
9, s‘ -- \ - 
8 

-m--w 

z 0 \ 

x 
--m-m 

L - 8 variable, Q =O” 
%04- I 
s - a 

vufiabfe, 
8=0” 

0 I 
Modified theory, this report -.08 7 

-6 -4 -2 0 2 4 6 8 lo 12 I4 
Angle of attack, a, deg 

figure IO. - Voriai/o of mhg ce&w of presswe wit.. angle of attack. M = 1.46, R = 5.7 x Itit 2 
g/d= .Of3. M 

i 

‘ , 

I 

a t 

.I 
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.I 

0 

-.I 

-.2 

(a) Effecf of Reyiwfds number. 

g/d=.O/3 
&57x f0” 

-6 4 -2 0 2 4 6 8 IO f2 14 f6 



1 I 
-8 -4 0 4 8 12 16 20 24 28 8 

.&g/e of ohbck, II, deg 
Figure J2. - Effecfs on hirqt?-mome nt coefficient of hkrch mm&w R&7x 10: g/d =.0/3. 
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