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SUMMARY

Longitudinal and lateral stability moasursments have been made
in a low speed tunnel on a delta wing of 90° apex angle with three
different taper ratios. The tests included measurements with ground,
the effect of a body, and measurements of elevon power.

was 0,86 for all taper ratios tut was reduced to a trimmed

value of 0.65 with a static margin of 0.10¢, due %o the large loss of
1ift caused by the elevons, 4 tip etall starts on the wings at a = 8°
to 12° dopending on the taper ratio; this has comparatively little
effect on pitching moments but a large effect on both rolling and yawing
moments, n,. and =&, both decreasing after the tip stall. C.4.T,
tosts suggest that there is an appreciable favourable scale effcot on
the tip stall, Ground offects are small and can be estimated suffic-
iently acouratoly using exizting theoretical work on unswept wings.
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1 Introduction

A sories of tunncl tests has been made on a wing of delta plan form
to investigate its low speed characteristics. Some results have already
been desoribed braieflyt: in a preliminary note. This report 'discusscs
these in more detall* and in addition gives further results from some
later investigations on the same model.

2 Description of model

The model consisted basically of a wing of triangular shape having
an apex angle of $0° and, aspect ratio 4. This gives an angle of sweep-
back of 36.8° along the quarter chord line. The ving tips were removable
in twoc stages so that aspect ralios of 3 and 2.3l could be obtained
(Pig.1)}. 1In each case clevons were fitted which were of constant chord
equal to 9.4% of the centre line chord ¢ of the wing. In the conditlon
where the aspect ratio of the wing was 3, the rear portion of the wing
containing the clevons was removable, and could be replaced by sections
containing eithor of two sets of tapered elevons which were 20% or 15%
of the local wing chord rcspectively. All elevon hinge gaps were kept
scaled throughout. Relevant data arce given in Table I. The wing was
also tested in conjunction with a symmetrical body of circular cross
scetion and & triangular sheped fin shown in Fig.l.

The tests were made in the R.A.E. No.2 113" x 83' tummel during
December 1946 and carly 1947 at a turnel speed of 200 ft/scc., giving
Reynolds numbers of 2.7, 2.4, 2.1 x 10° based on thc mean chords for the
three aspect ratios. The tcsts included measurements of 1aft, drag and
prtching moments with variocus clevon angles, some tests with a ground
plate 1n the tunnel, and yawing and rolling moments duc to sideslip and
to elevons.

Further measurements o downwash behind the waing and of the effect
of split flaps and nose {laps have been made and are reported in Ref.2.

Normal tumnel constraint corrections to incidence and drag have been
applied to the tests without ground asg for an unswept wing. With ground it
was thought that th¢e corrections would be very small and therefore none

have been applied.

3 Discussion of results

3.1 Laft

The values of Cf for the three plan forms with zero elevon angles
arc plotted against incidence in Pig.2. A decrease in aspect ratio causes
a slight decrease in 1ift curve slope, but has 1little effect on CLmax .

Tac value of 0.86 for Cr,.,. 1s low, and tuft observations showed that a

tip stall started et a= 8° to 12° depending on the aspect ratiec. Fag.h
shows a typreal sct of surfacc tufts for the wing of aspect ratio 3.
There was considerably lems outflow than on a wing with a swept back
trailing edgc, so the carly tip stall may be associated with the high
local 1lif't losding and low Heynolds number at the tips. In fact assuming
a two dimensional Op of 0.8 for this wing section at low R and

allcowing for the theorctical 1ift digtribution from Ref.3, the tip of thao
4 = 3 wing would be cxpected to stall at an overall Cp of about 0.6 i.e.
10.5¢ incidence, 1n fair agrecment with the tuft photographs in Fig. 4.

¥ Revisced gtrubt corrcetions have been applisd to the drag and pitching
moment resulte and there are slight differences in the results given
here as compared wilh Ref.l.

-3 -



The body has little effect on O . or lift slope (Fig.3).

Ground gives an appreciable increasse in both, though the stall was not
actually reached in the tests with ground (Fig.2). The change in incidence
due to ground at a given O, is compared in Fig.5 with the estimated

value frem Rel.h4 for a wing without swecpback. Thoe agrecment is good
enough up to the region wherc the tip stall starts (¢ = 0.6), and shows
that this simple method of calculating ground cffeet is adequate for

deltq shapes.

3.2 Drag
The rapid rise in drag when the tip stalis is shovm in Fig. 6 where
the effective profile drag {defined as Cp ~ %%‘ CL2 ) 13 plotted againsi

Cr- Some C.A.T. resul‘ts5 at high Roymolds nmumber on s wing of the samc
plan form and scetion, also given in Fag,6, show that there 1z a consider-
able scale effect especially on the lowesl aspect ratio wing. This would
be expected if, as already suggested, the tip stall occurs at the two
dimensional Opp.., at the appropriate local Reynolds number. For the
C.4.T. resulis at R = 8 x 10° (mean) thc local Crg, . would be aboub
1.15 for the lowest aspect ratio wing corrcsponding to an overall mgan

Cr, = 0.96 for the whole wing. For the R.A.E. tests at R = 2.7 x 10

the loeal O .. = 0.85 and the corresponding mean Op = 0.7.

Values of the induced drag factor K, defined by the equation,

P

Cp = CDo + %% . CL2 , are as follows at low 1ift coefficients:-

A= A =3 A= 2.3

K | 1.27 1.19 1.12

|

The ¢.4.T. tests? again show some favourable scale offect on these
results,

Fi1g.7 shows the variaticn of gliding angle (: tan=L %%\) with Cr,
J

for the wing of aspeet ratio 3 at constamt clevon ongles. The broken
curve indicates the gliding angle with elevons adjusted to trim, assuming
g static margin of 0,10 at low lift coefficients. It wall be notaced
that there 1z a rapid inercasc in gliding angle abtove a Gp of about 0.355,
corresponding at & wing loading of 25 1b/su.ft., to & specd of 130 m.p.h.
Some approcilable scale cffect may be expected as alrealy mentironed.

3.5 Fatching moments

The pitching moment goefficients in the tables and in most of the
Trgures arc gaven about a C.0. al the same 9031t10n.(0.466 of centre line
chord from spox) relative to the centre line cherd for all aspect ratios.
In Fig.B bowever the moment curves arc shown with O C. positions adjusted
to give the same static mergin at zero Op. These curves indicate the
different behaviour of the wings at high 1ift coefficients. At the stall
all the wings show a nosc down pitching moment, but just beforc the stall
the A = 4 wing boecomes slaightly unsteble, while fhe 4 = 2.3 waing has a
steadily incrcasing stability. This latter effect will maxe 1t diffacult
to slall the low aspeet ratro wing since the pitching moment required for
trimming is large.



The aerodynamic centres for the wings at low incidences are as
follows, the calculated values being obiained by Falkner?.

Table B
Wing Behind L.E. of Behaind L.E. of geometric
Aspect Ratio centre line chord mean chord o
A Cl

Measured Measured Calculated
2.31 0.49 ey 0.29 © 0.273 &
3 0.534 oy 0.325 © 0.319 ¢
L 0.563 ¢y 0.375 ¢ 0.383 ¢

The effect of the body on pitching moments is small (Fug.9).
Ground effect (Fig.1l0) is also fairly small and is compared in Fig.5 with
the calculated effect* on a straight wing. Again the agreement is good
cncugh for cstimation.

3.4 Elovon effccts on 1ift and pitching moments

From Figs.ll and 12 1t sppears that constant chord elevons are
slightly more effcctive in producing a pitching moment change at a given
1ift coefficient than either of the taperced elevons. The loss of 1ift
due to the elevons, which in all cases is large, is least for the 15%
chord tspered ones ond these clevons give the highest trimmed ©
(0.65 with a static morgin of 0.12T ). To try and reduce the large 1lift
loss due to the elevons, some tests were made with the inboard 25% span
of the 20% chord tapered elevons cubt off. The results given in Table VII
showed that though the 1ift change is reduced, so also is the pitching
mement and therc is not sufficient elevator power to trim at high 1ift
coefficients.

Cross plots of the elevon effect on 1ift and pitching moments at a
given incidence (Fig. 13) show clearly the effect of the tip stall an
reducing the elevon power at high inecidencc. The effect is worst for
the highest aspect ratio. Falkner has calculated the lift effectiveness
of a 20% chord taper elevon on this wing* and by using a twc dimensionsal

d
value of 0.0095/degres for —-;M- , the overall patching moment effect
7 .
can be calculated. The following table shows roascnable agreemsnt botween
the experimental and calculated values at zero incidence.

/Teble

* The caleulations were made for elevon spans of 100% and 90% of the
wing span, the results have been cxtrapolated to the model elevon spsn

of 86%.



Table C

Wing 4 = 3 200, - Expt. Calculated
chord elevons with body No body
dc
—~L /3egree 0.023 0.0232
dm
a
—EM,/degree -0, 0012 -0, 00111
| dn
L ]

3.5 Yawing snd rolling moments due to sideslip

The measurements with sideslip showed linear variation of yawing
and rolling moments with angle of sideslip up to an incidence of about
10°, but at higher incidences vwhen the wing tips stalled the curves
became irregular (Fig.l4). The value of the rolling and yawing moment at
zero sideslip, plotted for a range of incidence in Fig.l5, shows consider-
able asymmetry cspecially on rolling moments. This is pregumebly due to
differcnces in the tip stall on the port and starboard sides of the wing.
Though the asymmetry is well within the elevon power this sort of
behaviour would obviously not be satisfactory on a full scalce aircraft.
As already indicated there should be a favourable scalc offect on the
tip stall so that 1ift coefficient available before this effect becomes
marked should be haighor at flight Reynelds nawbers.

Values of &y, and ny for the various modcl conditions tested
are shown in Figs.16 and 17; in the region vwhere the Cp,$ and Cp ,B
curves are not linear, n, and & arc mecan values for p = + 5. The
nunber of incidences for vhich results arc available is not sufficient to
to define thoe curves exactly especially in the region of the largest
values of (-4y) and ny. Sinec the fall in ny and (=4,) at a Laft
coefficient of just above 0.6 is due to the tip stall, there will in any
case probably be an spprecisble scale e¢ffect in this region and higher
values of ny and (-4&,) may be obtained at flight values of Reynolds
number,

The effects of body and Iin on ny are roughly independent of
incidence. The body as might be expected has little effect on Ly, WRlle
the fin reduces the change of &, with 1ift.

3.6 Elevon effects on rolling and yawing moments

The effect of one constant chord elevon on rolling and yawing
moments on the various aspect ralio wings is shown in Fig.l15. As wath
lirt effects there 13 a falling off in the rolling power of the elevons
at high incidence, particularly on the wang with the pointed tip. Fig.i8
compares the effects of the 15% chord tapered elovons with those of con-~
stant chord. As would be expecled the constant chord clevons have a
greater rolling power, though the difference hotween the two 1s less at
high incideneces. Thore is an opprcclably adverse yawing momont at hagh
inecidences especially for controls of this type used purely as ailerons
and moved symmetrically from zero. For elevons moved equal amounts up
and dovmn from o trimmed up position it iz smaller.

The 15% cherd ¢levens arc powerful enough to hold the wings level
at O, = 0.6 for up to 15° of sideslip using 10° of control on cach side.

-6 -



This Cr,

will be lesss.

ropresents the largest value of £, measured in the model
tests and at higher or lower values of Cp, the ailesron angle required

At flight Reynolds numbers,

-&, might be somewhat

higher at larger Cr, but the aileron power would also be increased
at higher incidence, compensating for the higher -4&,.

- B
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TABLE 1

Relevant Model Data

Wing
Thickness chord ratio - symmetrical 0,10
Angle of sweepback (L.E.) L5°
Centre-line chord cj 3.2 ft.
Distance from nose of body to L.BE. centre-line
chord 0.98 ft.
A =4.0 A =3.0 A=2.31
Span b-ft. 6.k 5.485 L. 685
Mean chord T-It. 1.6 1.818 2.028
Area 3-Tt2 10. 2 9. 97 9.50
Taper ratio G 0. 14 0. 25
Elevong
(a) Congtant chord elevons
Chord {to hinge line)-ft. 0.3 0.3 0.3
Span (per elevon)-ft. 2,86 2. 40 2,00
Area (per elevon)—ft2 0.858 0.720 0.600
{b)  20% chord tapered clevons
Mean chord-1f't. 0.321
Span (per elevon)-ft. 2,31
Area (per elevon)-ft2 0. 741
(e¢) 15% chord tapercd elevons
Mean chord-ft. 0. 241
Span (per elevon)-ft. 2.31
Area (per elevon)-fte 0.556
Fin
Mean chord f't. 1.043

Height above centre line body I+, 1.565
Ares (to centre line of body)-ft®  1.633
Fin arm (Qistance from % centre 1.55
line chord of wing to &
centre line chord of fin) £t.

C,G. position

On centre linc chord

Distance behind L.E. of centre line chord ft. 1.493
Distance behind L.E. in terms of o (centre line chord) Q.466 o3
Hoight of C.C. above ground ft. 0. 834

Note

Note all Gy's are given sbout this C.G. except thosc in Fig.8.
All valucs of C, however are given about a C.G. at 0.366 £%.
behind the above C.G. i.e. at 0,58 ¢; (c1 = centre line chord).




TARLE TI

Wing and Fin Ordinates Body Ordinates
Distance from $ ordinate Distance from Radius —l
L.E, % chord % chord nose % length % length

0 0 0 o
0.5 0. 825 2.61 2.838
C.75 1.009 5.22 3.933
1.25 1.298 10.43 5. 374
2.5 1.820 ; 15.65 6.333
5.0 2,529 [ 20. 87 7.023
7.5 3,041 26.09 7471
10 3,045 ’ 31. 30 7.732
15 L. 050 ! 36,52 7.826
20 b L73 ; 41,74 7. 764
25 Ieo 759 ! 46.96 7.565
3C b, 952 52.17 7.252
35 o 299 ’ 56. 96 6.855
L0 L 953 , 61. 74 6.365
45 L. 770 66.52 5.797
50 Lo 492 } 71.30 5,155
55 o 146 76.09 bolidih
6¢ 3.750 ‘ §0. 87 3,662
65 3,313 85,65 2. 807
70 2. 860 ] 90, 1.3 1.888
75 2.387 | 95, 22 0.939
§0 1.91C f 100 C
85 1.433 |
90 0. 955 ;
95 O 77 .
100 j © J
TABLE IIT
No Ground

Wing Alone n= 0°

o A = 2-31 A = 5 A = l;.
0y, CD Cm Cr, Ch Cm o Cp Cry

L1} =0, 260(0. 0149 0.020 (-0, 228!0.,0144 1 C.020| -0, 258]C.0146f ©.051
2.0]-0.112{0.0091]-0.001

0 1| =0.02%|0,0068| 0 -0, 014 | 0. 0069 |-0,009 | -0, 019 |0. 0070] 0. 004
2.2 0.083/0,00741-0.004 | 0.109!0.0081.]-0.02.

Lo3b 0.19110.0126]-0.020] 0.22610.0133(-0.037] 0.234]0,0127| -0.045
6.3] 0.285(0,0155|-0.015

8.4 0.385]/0.0295(-C.021 1 0 440{0.0%2:,1-0,063] 0.479]0.0337]-0.089
10.5| 0.508|0.0/56(-C.031
12,60 0.619/0.0648(~0.042] 0.688(0.08L6(-0.098] 0,680/0.0866| -0.115
1,6l 0.72910.10961-0,056
16.70 0.800[0.1799]-0.076) 0.84210.1962!-0.133] 0.518(0.1555] -0, 137
18,70 0.845(0. 20241 =0.092] 0.870]0. 2543 |-0.147
20.7] 0.86010,2960|-0.206| 0.880!0.2102{-0.156| 0.868[0.3026| 0. 171
22,7 0.852|0.341,-0,122] 0.861{0,3527|~0.165

2h. 70 0.821:0.3751) -0.129 0.8,010.38%7
28.7] 0.79510.4310 ao,LuzL_ | 0.788{0.4359! ~C. 215 |




TASLE IV

No Ground Wing + Body

Constant Chord Elevons = 0°

R

A = 2.31 A=23 A=14

GL cD Cn CL GD Cm Cr, Cp Cm

1

LA ol sl el ol o
L"OOCDO‘\-P‘L\JOCDU\-F'T\JO-F‘

e N [ A N B o o R e N N B B i

@]

™

-0,219:0.0178| 0.011!1~0.2,6|0.0177! 0.03G|~0.26010.0170| C.056
~0.02210.0091| 0.002({-0,008|0.009L| 0,004 |-0.025!C.0089] 0.C0%
.092{0.0098|-0,003 | 0.09%|0.0096]-0,010| 0.1051{0.0095 |~0.018
.187| 0,014 |-0,006| 0.216]0.0146,-0.022| 0.230;0,0144 {-0,0%1
.286[0.0216|-0.009| 0.322]0,0215]-0.033| 0.347,0,0213|-0.060
L40310.0334]-0.017| C.452{0.03341-0,050| 0.462]0.0331{-0.079
49810, 00611-0.027%| 0.565|0.0,.95{-0,068| 0.577|0.05,6|-0.096
620|0.06771-0.035| 0.671]0.08271-0,079| 0.669(C.0845]-0,10L
730(0.11321-0.051| 0. 744 |0.1308;~0,086 745 |0.1326(-0.110
788|0.1832{-0,070| ©.796]0.18861-0.096| 0.801]0.19,5!-0.124
<828\ 0. 2.37(-0.077| 0.835]0.2,981~0.108| 0.835i0.4313%|~0.135
8521 0. 2998|-0.087| ©.361{C.3067{-0,119| 0.861(0.3011|-0.149
.85310.3L39|-0.096 .857[0. 3462 |-0.155
<BL110C.3733(-0.220) 0.803/C.38,0{-0,149| 0.806[0.57741-0.177
.80510,4582]-0.130} 0.801]0.4582!~0.16%5 | 0.803|0..5%7{-0.201

COO0ODOCO0000
I
OOOOOOPOOOOOOO

TABLE V

No Ground Wing + Body

Constant Chord Elevons m= =10°

A= 2.31 A=3 A=Ak
[o4
Cr, Cp Cry Cy, Cp Cpy Cr, Cp O

0.1{-0.19410.0164| ©.085 |-0.273[0.0177] 0.130{-0,295[0.0185| 0.169
41|~0.006:C.0096| ©.08L |-0,040|0.009 | 0.10L [-C.053|0.0097| 0.124
8.2] 0.19510.0161} 0.069 | 0.196({0.0154| 0.072] 0.20010.0153 | 0.074
12,51 0.4C3(0.0352] C.052} 0.443({0.0427| C.033 | 0.44110.040% | 0.026
16.51 0.627|C.1364| 0.007 [ 0,63]0.1407|-0.01L0] 0.616]0,1327|-0.012
20,61 C,710[C.2488{-0.C21 | 0.713]0.2534 {-0.037 | 0.708]C. 2,96 |-0. 051

-~ 10 -




TablE VI
Wing + Do

Tapered Elevons A = 3

20% Chord

n=0° m= =5° n = ~10 m = -5

o, Cp, Cyp o, Cp Cm or o Crn oL, Gy Gy

T
RN NN e P R S

r
PE@AP®OE PO

[y

~0. 244, | 0.0168 | 0.026
~0.015 ] 0, 0088 | -C.001 1-0.150 0.0113

&}

L0683 | =0.253 | 0.0179 | 0.113 |-C.400 1§ 0.0297 | ©.182

0.059] 0.0045 | ~0.01i

0,216 | 0.01L3 ] -0.025 | 0.066| G.0O0%3 { ©.C39 [-C.C1l2| 2.0099 | Q.09 |=0.171 ] 0.0145 | 0.156
0.3231 0.0213 | -0.033

G L5011 0.0333 | =0.053 | G.311 ) .01l ) G009 1 L. 217 | 0.0156 | 0.060 | C.obip | U.013 .12,
0,675 0.C828 | =C.082 | C.B56 | C.C567 | ~0,028 | C.454 | G.07%96 | .02, | 0,321 J.0280 1 ©.083
G.827] Lol | -C.121 | 0,753 0. 1682 1 =C.066 | C.665 | C.1ke2 | 0.023 | C.539( ©.1155 | w. (34
5,845 L.25p3 ! ~u.1zl | w767 D.2eel | -05.076 | 0,726 [ 0.1965 | ~0.036 | 0,596 | 0.1766 | 0,015
0.865| 0.3071 ! -0.128 | G.793 ] 0.2692 { -C.0&, | 0.74% | C. 2490 | -0.049 | Q.64 | 0.2298 | ~0,002
0.8,8!1 0.34,75 | -0.134 | ©.7991 0.3167 | 0,095 | C.758 ) 0.2939 | -0.060 | 0,66z ] 0.2725 | -0.013




TABLE VII

Wing + Body = No Ground A =3

20% Chord Tapered Elevons {Inboard 7" Cut Off)

"= —50 n = —100 n = -150

o

CL, CD Cm Cr, Cp Cm CL Cp Crn

°

rd =] O O A

Pmomg\mgz-p—o

LI

RIS T ol e o

-0.091]0.0101} ©,038{-0,179|0,0139| 0.082|-0,260|0.0212] 0.125
0.270{0.0131{~0.012 | 0.049| 0.0110( 0.057|-0.025|0.0140{ 0.097
0.368{0.0259{-0, 014 ! 0. 289 0.0206| 0.026! 0.216/0,0201( 0.085
0,610|0. 068, |-0.050 | 0.530{0,04,99{-0.013| 0.L73|0.0474| 0.022
0,767{0.1832|-0.086 | 0.711| C.1620|-0.057 0.657| 0. 1542 =0, 027
0.799{0C. 24,06 (-0,096 | 0.752 0.2133{-0.071| C.710| 0, 2111 }-C. 046
0.826|0. 29091-0,105 | 0.790{0. 2719{-0.082| 0.746| 0. 2589{-0.059
0.82110.3329]-0.11%4 ; 0.796] 0, 3155|~0,091| 0.757 0,3061]-0, 068

0.715/ 0.3391|-0.088

TABLE VIIT

Wing + Body - No Ground

15% Chord Tepered Blevons A = 3

o
n = ~10 q = -15°

CL Cp Cn CL, Cp Cr Cr, Cp Cp

1

Y

RSB ok mor o
oGO o~ W M WO WO

e

-0.21210.0153| 0.024{-0.42810.0322| 0,131 |=0.49910.04,06] 0.16)
-0.093{0.0100] 0.011;-0.326(0.0221} 0,122 |-0.404|0,0295| 0.16C
0, 024,10, 0086 |-0, 003} -0, 220{C, 0152} 0.,112|-0.302|0,0207: 0,151
0,136}0,0104 | -0, 015 -0, 098/0. 0103} 0.100]-0.176]0.0138} 0.138
0.258|0.01671-0.029| 0.033}0.0100| ©.082|-0.05.4|0, 0109 -
0.36110.02321-0,041| 0.140|0.0130| 0,066 | 0,065|0,0119! 0,104
0.480{0.0364.|~0.057| 0.244{0.0191| 0.049( 0.187{0.0159| 0.087
0.691|0.0934 10,083 0,50910.0595| 0.010| O.43910.0483| 0.0L3
0.813]0.2032(-0.099| 0.658]0.1624|-0.015] 0.593[0,1430| 0.019
0.844.10. 2028i-0.109] 0,705|0.22111-0,029} 0.040]0. 2020| 0.008
0.865{0.318.1~0.122| 0.730|0C. 2667|-0.083| 0,677{0.2511{-0.015
0.835 |0, 3585 |-0.133] 0.730]0.3109!-0.059) 0.677!0. 2930|-0.033

- 12 -




TABLE TX

ath Ground

Wing Alone g = 0°
A = 2031 A =3 L o= l,.
CCO ‘
GL CD Cpm CL CD l Gm OL CD Cm

-l -0, 315]0. 014k 0,0Aji—Oo365 0.0151| 0.078
-2 ~0.17010,0084| 0.023'-0.202| 0,0087 | 0,047

¢ | -0.035]0.0063| 0.010]-0.028;0.0067 0,006 |-C.058]0,0070| 0.01S

2 0.12510.0081}-0,015{ ©.104| C.0075% |-0. 014

i 0.207|0.0120|-0.006| 0.255{0,0130]-0.032]| C.233|0,0115 1~0,039

6 0.393%|0,0205|-0.051} C.401]0, 0195 ;-0,072

8 0. 462[0,030L {-0.027| 0.533[C.0307(-0,072! 0.525] 0,0309 -0, 096
10 0.579]0.04.25 10,059 0.675]0.0490,~-0.058 0,650 0.C518 |-0.118
1z 0.72110.07041-0,061 0.799]0.0953:=0.1191 0,761} 0.09,8 -0, 135
1, 0. 844 0. 1484 (-0, 086 0,880|0,1581|~0,136| 0.850(0,1559 1-0.152
16 0,922{0. 2145 |-0. 113 ©.94.7!0.2:83|-0.159

18 1.000| 0.2936:-0.182 | 0.989|0., 2901 {-0, 207

- 13 -




T4BLE %

With Ground Wing + Body m = 0°

Constant Chord Elevons

With Ground Wing + Body m= -10°

Constant Chord Elevons

A=3
e}

“ cr, Cp Cn
C -0.364 | 0,0179 0.160
L -0,070 | 0,0096 0.122
8 0.220 | 0.0150 0.078

10 0,367 | 0,0229 0. 054,

12 0.522 | 0.0457 0.022

1 0.657 i 0.1078 | -0.011

16 0.7%36 | 0.1736 | -0.036

A = 2.31 A= A=l

o]
i CL, Cp Cm Cr, Cp Cr Cr, p Cm

0 | -0,065/0.0082| 0.017/-0.049/0,0081} 0,020}-0,073]0.0080] 0.027

L 0.182(0.0124 | ©.004| ©.209]0.0123}-0.013{ 0,231]0.0122|~0,033

8 0.438[0. 0294 [-0.015| 0.486/0.0279{-0.051 0.522{0.0308}{-0,C87
10 0.567|0.0422{-0,027| 0.538(0.0462{-0.077| 0.634{0.0478}~0,106
12 0, 704| 0. 0641 |-0.0L6 | 0.758|0.0858|-0,096] 0,752] 0.0892}-0,120
A 0.833[0.139,.[-0.073| 0.847|0.1551|-0.112{ 0.848|0.155%{-0,139
16 0,910]0.2123|-0,091| 0,912|0.2205|-C,127] 0.920/0, 2252} -0, 160

TABLE XT




With Ground

TAELE XIT

Wing + Body A = 3

20% Chord Tapered Elevons

n=0° n= -5 n = -10°
(o]
o
Gy, CD Cp Cr, CD Cr CL Cp Cm
-4 | =0,308[0,0157 -0, 501 0,0206 1 0, 116! -0,639|0.0%365] 0,177
-2 1 -0,189(0,0108! C,030{-C.350{0,0156; 0.100| -0,500|0.0252| 0.163

0 | -0.068{0.00801 0.C1L9|-0.197!0.0100| 0,084 -0, 357/ 0. 0165| C.152

2 0.093 {0, 00886 | -0, 001 |-C, 077/ 0,0079( C.071] -0, 211(0,0111| 0.135

4 0.22310,0130]|-0,017| C.C%1 0, 0096 0,049} -0, C78| 0, 0095| ©.117

6 0.38410.0209:-0,038( ©.239{C.0LL4 | 0.026] 0.093(0.0113| ©.091

8 0.52210,03071-C.05%| 0.388]0,0220| 0,004 0,224|0.0153| 0,020
10 0.651| 0. 0454.1-C, 081 C.522]| 00,0536 |-0.021] ©.368/ 0.0229| 0.046
12 0.780(0.0898|~0,104 ; 0.643]0,0647(-0,041] G.533{0.C468} 0,013
1, 0.860]0,.1583|-0.119; 0.779!0.1391|-0.076} C.656]0,1046{-0,018
16 0.918]0.2192~0. 138 | 0.840(0, 2052|-0, 0% 0,750] 0.1786)~0. 041
18 0.972{0.28571-0.151| C.88410,2557]~-0.109| 0,801 0. 2297|-0.053

n= "'150 = -20° n= -250
a© T
CL CD Cm CL CD Cm CL CD Cm
l

0 | -0.518/C.028L O, 205

| 0,225 0,042 0.185 ,

8 0.086/0,0141] G.13%4.|-0.022(0,0172 | 0.183]-C,087(0,0%00 | C, 210
10 0.238]0,0191| €.107] 0.126]0.0196 | 0.157| 0.059|0,0291 | O, 18
iz 0.396{0, 0415 C.074| 0.276(0,026) | 0.128| 0.203|0,0322| 0,156
1, 0,535]10.085C| 0.040{ 0.434]0,0661 | C.093] 0.35210,0536 | 0,12
16 0.63% €, 1506 |-C. 014} 0.535{0.13L9 10,066| 0.441|0, 1254 | 0,101

| |
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TABLE XV

Effect of Elevons on Rolling and Yawing Moments

Constent Chord Elevon - Port Side Only Moved mn+ ve Trailing Edge Down

g = 0Q°

Yawing Moment Coefficients 103 Cn

Wing Alonse Wing + Body
P A= 2,31 A=3 A= A= 2,31
n=0° |mM=+10° | n= © m=+10° | 1=0° 1n=+10° | m=0° |n=+10°
0.1] -0.9 -0.8 -0, 4 -0, 0.3 -1.1 0.1 -0.8
L.3 - - -0.5 - - - 0.2 -2.0
8.4 -0.6 -3.4 -0.4 -3 b -0.5 - 6 0.1 -3y
12.6 0.8 “ho by -0, 3% =4 8 -0.7 ~5.5 1.5 -l 6
1.6 1 -C.6 -5,0 - -4, 9 -0.3 -4.8 0.4 ~b 6
6.7t -0.8 -5,2 0.3 -4, 9 -0.4 wdys & 0.3 5,6
18.7 .1 -5.5 0.6 - 0.1 -4. 6 1.1 -5.3
20.7 0.4 -5.8 0.6 4.6 0.2 4.9 1.8 -5.6
22,7 2.5 -5.1 - -0.5 1.3 -l 8 - “7. 2
S
Rolling Moment Qoefficients 102 C,
Wing Alcne Wing + Body
a A= 2,31 A =3 A=l A= 2,31
M =OO T =+J.OO T =0° T =+lO° kel =OO it} =+100 n :OO k1| =+100
0.1 ~1.0 18.3 -1.3 21.3 -1.1 25.6 -0.5 21.0
ko3 - - -1.3 - - - -0.8 20.8
8.4 | -1.6 17.7 -1.2 20.9 -0,9 15.8 ~1.2 20. 4
12.6 | =3.3 16.8 -1.7 14.0 ~1.6 10.9 -2.8 19,6
4.6 | -2.0 16.4 - G.0 2.5 9,7 -1.0 20,2
16.7 | -4.1 10.L -7.5 7.5 0 8.6 -3.0 13.5
18.7 { -2.5 11.0 -5.0C - -0, 6 9.4 -4, 0 11.5
20.7 { -2.2 10.9 ~3.2 8.7 -0, 7 9.6 by 2 10.9
22,7 | =4t 9.8 - 8.8 -2, 0 8.5 - 11.3
|

- 18 -



TABLE XV (Cont'd.)

Wing + Body A =3

Constant Chord Elevons - Port Side Only Moved (n + ve T.E. Down)

g = 0°
103 ¢, 103 Cn
& 1e+10° | M09 {1=2a1CC | ==200 | =410 | 1200 |n=-10° | n=-20°
0 92 8 | 0.3 1 -22.9 | =42.7 0 ~0.6 0,1 | =0.6 -3, 0
Ir-{-l 2 ?2-8 —-()92 "'220') _115u2 "‘1.8 O O..l'_{.. "‘lal
Soli 22,8 120031 w25.0 -L2.0 | 3.6 O ? 1.0 0.8
leo5 1t 16,1 | =1.9 | -20.3 | -356.1, -5.0 1.7 L.7 6.0,
1-‘-!--5 ll{-: ? ""Oa5 “16“5 "34'8 "i}--}-{- 0- 2 5'5 7,“5
6.6 10.9 | -0.5 | =12.91 =29.6 | ~4.8 0.4 5.3 6.8
18.6| 11.0 | =1,5 | ~13.0 ! 2.7 | -4.5 0.8 5.0 7.9
20.6 Z.6 | L2 | -l4.5 ) -29.4 0 -yl 1.5 6.0 9.0
22.5 ~7.6 | -13.31 <3%1.3 5.7 9.5 10,7

15% Chord Tapered Elevons - Fort Side Only loved ( n~ ve up)

‘}?}:OO
103 ¢, 107 oy
a 1=+10% | 1200 | 1=-10° |7~20° [5=+10° | m=0° | 1=-10° |n=-20C |
0 19.7 0,6 | -18.6 | =32.4 | -0.6 0.5 -0,1 ~-1.9
ho2] 19.3 0.6 | -13.7 | -31.8 | 1.7 .l 0.6 -0.?2
B.l| 16.9 0.1 | -19.0 | -~32.9 | -£.9 0.3 1.8 1..
12,51 15.4 1. | ~15.6 | -27.8 | -3,6 0.7 3.6 0.8
.51 14.0 1.5 | =11.5 | =24.5 | =3.6 0.6 5.8 5.2
16.61 11.0 1.5 | -10.1 | -20.6 | -3.7 .5 L.2 6,1
18.6 5.2 0.8 | =10.3 | ~20.6 | -3.4 a.1 3.8 6.4
20. 6 7.1 | 0.5 | =-11.5 | -21.5 | -2.9 0oy Loy 6.9
22.5 3.3 | =1,9 | -12.0 | -23.5 | -1,2 1.5 4.9 7.1
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by
R.C. Lock, B.A.
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SUMMARY

Wind tunnel measurements of downwash were made on Delta wings of
aspect ratios L, 3 and 2.3, using a tail of Delta planform in three
vertical positions at two chordwise stations behind the wing. The
tests also included the effect of the tail, and of split flaps and
nose flaps, on the stability near the stall and on Cp max.

The tip nose flaps proved effective in delaying the tip stall,
and gave some inorease in Op max, With split flaps untrimmed Cp, mex
was 0.95 and 1,2 with the flap in the forward and rear position res-
pectively. There was no change of trim with the flaps in the forward
position with tail off; with the tail an intermediate flap position
should give zerc trim change.

The downwash was large at high 1ift coefficients, owing to the
early tip stall, and this caused a loss of tell efficiency with a
corresponding slight instability near the stall, which should not be
serious.

A method is given of caleculating the downwash at small incidences
behind a Delte wing, and the results show good agreement with the
measured values, provided that the experimental 1ift curve slope
is used,
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1 Introduection

Extensive tests have already been madel in the No.2 11} £t wind
tumel at the R.AE, of longitudinal and lateral stability on some
Delta wings. To complete the tunnel programme it was required to
measure the downwash behind these wings, and to find the effect of a
horizontal tail and of split flaps and nose flaps on the stalling
craracteristics, Some theoretical estimates of 1ift curve slope and
downwash at low incidences were also made for comparison with ths
experimental resulits,

2 Descraption of model and test (See Table V, Fig,l)

The wing, which 1s more fully described in Ref,l, had a basic
Delta planform of aspect ratio 4 and 90° apex angle, with the tips
removable in two stages to give aspect ratios 3,0 and 2,31, The wing
section was a 10% thick R,A.E,102 which has 2 L.E. radius of 0.685% C
and maximum thickness at 35% C. No fuselage was used throughout these
tests, The model was supported on the upper (three component) balance
on three struts, using & rear sting to which the tail could be fixed,
This was alsc of Delta planform, of aspect ratio 2,4, and could be
fitted either on the sting or in two positions sbove 1t supported by a
than faired steel pillar, Iwo chordwisc positions were available,
giving six possible tail positions (of which only five were in fact
used),

The model is showm in Fig.l, and relevant dimensions are given
in Table V,

Lift, drag and pitching moments were rneasured on the three wings
without tail and for a number cof tail positions, at a wind spged of
200 ft/sec., giving Reynolds numbers of 2,7, 2.4 and 2,1 x 10° based on
the mean chords for the three aspect ratios. Three tail settings
Np = 09, =4° and -8° werc used in cach case for the dowrwash measurements,
Tegts were i1ncluded with 60° split flaps, of constont chord equalto
0,15 Cp and of total span 1.0 Cg {Cp = centre line chord), fitted in
two positaions:= ab the trailling cdge and once flap chord ahead of it.
Tests were also made without tail to find the effect of nose flaps on
1ift and pitching moments (for the wing of aspect ratio 3 only), Two
types were tried, each with o flap angle 130°. The farst, covering the
1nboard half of the wing, had a cnord (measured parallel to the plane
of symmetry of the wing) coual to 10% of the local wing chord; the
second, which cxtendod from the tips over the ocutboard half of the wing,
wos of constant chord cqual to 4% of the wang centre line chord, Beth
types were tested with and without aplit flaps.

The tests were made 1n the No,2 11} £t x 8L ft wind tunnel at
the R.AE. during March and April 1948. The usual corrections for
blockage and tuanel constraint have been applied to all the results

quoted,

3 Discussion of results

3.1 Effcet of high 1ift devices

The 1ift, drag and prbching moments for the wing of aspect ratio
3 (without tail) fattcd with various flap combirations are given in
Table VI; the 1ift curves arc shown in Fig.2 and the corresponding
prtohing moment curves in Fig.l., The 1ift increments produccd may be
summarised as follows:=



TARLE T

Lift increments daes lo flaps

40y Aoy, “ata11
at a=10° max, | (= 21° for wing alons)
Nose flaps (inboard) 0 0,02 21°
|

" " (tip) 0 0,19 219
split flaps (rear position) | 0.46 0,34 18°

* 0 (forward " )| 0.30 0.08 | 1.6°
Split flaps (forward)
with tip nose flaps 0.32 0,21 : 17°

Tuft observations showed that the tip nose flaps were successful
in delaying the tip stall, Lut the 1nboard flaps had very little effeeot
and are unlikely to be of any us¢. The rear posilion of the split flaps
produced the greatest 1il't increment, but also caussl a large nose down
trim change without tail (ACy = -0,12). MMoving the flap forward reduced
this to zero, but also reduced trn. 1aft :increments and brought about an
early tip stall. This was to o large cxient curcd by the tip nose flaps,
and 1t iz thought that thus combiration should orove the most effoective
in practice for o tailless Velta, Fig,3 shows that there rc o slight
instability near the stall in this casc only, but thac dad not occur
until an incidence of 149 was reached and should not be serious.

A horizontal tail, however, causes a4 noss up pibching moment at
constant with the flaps 1n the forward pocition (see Fig,6) and it
is probable therefore that an .ntermediate flap position will give zZero
t#fim change in this case,

2.2 Downwash measurements

In order to obtain the angle of downwash at a given wing incidence
&, the pitching moments measured with the three tail settings are plotted
against mp, and {rom this curve the valus of mngp for whach Cy (taxl
on} = Gy (no tail) can be interpolated. The downwash angle e is then
given by & = a4 My, The angle thus obtaincd 1s strictly & mean of
the actual downwash angles over the area of the tail, but in fact should
not daiffer appreciably from the value at the middle point of the tail
root chord, which is close to the mean quarter chord point of the tail,

These values of ¢ (corrected for tumnel constraint) at various
positions behind the wing are given in Tables X and ¥XI and arc plotted
against incidence in Pigs.7/ =~ 9; they anclude the effects of splzt {laps.
The most 1mportant feature of the results as that they show 2 large
increase in downwash at angios of incidence nsar the stall, in almost
all cases. This 1s so marked that the tail efficiency factor (1 - .g.?. )

o

becomes negative at angles of incidence above about 15° (no flaps) or
12°%(wath flaps), The effcet is due to the concentration of 1ift near
the centre of the wing at high laft coefficients produced by the early
tip stall, whach causes a correspondingly large dowmvash downstream in
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the wake., The only exception occurs ian the rear lowest position of the
tail on the sting, which at high incadences is below the wake, so that
the downwash 1s much smaller here than at the other positions,

3.3 Effect of the tail on longitudinal stability

Lift and pitching moment coefficients -ith tail are given 1n
Tables V1T, VIIT ond IX and same Cy = Cp, curves are shown in Fags.4 and
5 ($ail in rear fosition), and in Fig.6 (tail in forward position). The
C.G, position for these curves differs from that used in Fig,3 (tail off)
and in Ref.l; 1t was chosen to give. a reasonable static margin at low
incidences., It will be seen that the losg of tail effectiveness near
the stall, due to the larpge downwash at the tail, causes a definite
instability at 1ift coefficients above about 0,8 (mo flaps), 0.85 {flaps
in forward position),or 1,0 (flaps in rear position), The lowest rear
position of the tail (Fig.5) 2s the only one whach avoids this trouble;
but even in the other cases the ingtability should not be very serious,
as 1t is small and only occurs just before the stall.

e
The control power of the tail E_D'.@. under various conditions
d"r‘]T fP

is given below in Table ITI, The loss of control power near the stall is
very small (see Frgel), and there is no change due to putting flaps down.
TABLE II

Control Power of the Tail

C +i l{ s A
ondition \B-ﬁi: o O er degree
Rear ta1l vosition
A= 2,31 Low tail position - 0,0074
Middie tail posation - 00,0083
High " " - 0,0085
A=3 Middle tail position - 0,00875
A= )_" L L " - 0.0099
Forward tail position
A=3 Middle tail position - 0. 0057
High " i - 0,0060
N Theoretical estimation of 1ift curve slope and downwash

{see also Appendix)

Calculations have recenlly been made of the downwash behind
sweptback wings of large aspect ratio (Ref,2}, and beband wings of small
appect ratio waith zero sweep (rRef,3), but up to the present nothing has
been published for swept-back or Delta wings of small aspect ratio, It
was therefore decided to make an independent calculation for these

5



rarticular Delta wings, using an extension of Wieghard's method for
rectangular wings (dee Ref,3).

The continuous chordwise disdribution of vorticaity over the wing
is represented by four kinked horseshoe vorbtices (see Fag.llb), and the
agsumpbion ic made that the spanwise 1aitt distribution 1s elliptical;
Falkner (Ref.h) has shown that this showld be a good approximation for
the wings of aspect ratio 2,3 and 3, but less good for that of aspect
ratio 4, The downwash due to these vortices is evaluaited at four
roints on the wang centre linc and 13 cmated o the angle of incidence
of the wing; hence four simultanecus eguations are obtained from which
the strengths of the four vorticss can be calculated, Details of the
me thod are given in the apcendix,

<)

The 1ift curve slopes for the three wings thus obtained are
tabulated below, together witn the results of Falknor's paper’ and of
the wind tunnel testsl.

TABLE IIT

Lift ourve slopes. (per radian)

acy, acy, o,
AR, P (4 vortex method) —= (Palkner) ! Te (measured) :
2.31 2,47 5 2,76 l 2,69
3.0 2.92 3,14 } 3015 *
400 3.52 3.7 % 3.hh

The measured values all agree well with ¥allmer's calculations,
but the results obtained by the 'our vorter method are low for the two
smaller aspect ratios, This 1o probably due to the fact that the
method dees not take into account the singularity in the downwash whach
' ocours at the kink of a swept vorter (see c,g, Ref,5), In order to
allow for this it would be necessary lo zuperim.ose on the original
elliptic dastribution an additional vorticity function near the centre
of the bound vortaces, which would reduce the circulation and hence
the downwash at points very clouse to the kink, The resulting 1ift
cutve glopes would thus be increased, and better agreement with experi-
ment should be obtained, However, since the effect of this 'middle
function' dies out rapidly behind the kink, there is no reason why the
simple method should not give a good approxumation to the downwash scme
distance behind the wing, provided that the measured values of the lift
curve slopes are substituted for the incorrccet calcowlated values.

When the relative strengths of the four kinked vortices are known,
the dowmwash can easily bs calculated at any point in the plane of

symmetry of the wing, This has been done for the positions at/whlch the )
i e’
dowrvasn has been measured experimentally, Those values of f-a-.--
& Ct:OO
arc given in the flrst column of Table IV below, The second column 1

gives the values obtarned by usang the reasured 1ift curve slopes, and

-
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these are plotted against & = % (z = vertical height of ta1l above

model § , s = semi span) in Fag,10, together with the experimental
results,

TABLE IV

Dowvnwash at small incidences

& a & |
da da aa
z {(calculated)| (caleulated, assumna% (measured)
measursd value of a }
do
A= 2,35
0 C. 73 0,79 Ce 77
Rear tail position| 0,227 0,58 0,63 0.65
0,455 O.44 0,48 0,50
A = 3.0 0 0. 68 OQ?LF -
0,194 0.56 0.61 0.615
Rear tail position;?,339 O,y 0,48 -
A= 3.0 0 0,77 0,83 -
0,19k 0,62 C. 57 0,65
Forward tail " 0,389 0,47 0.b1 0,55
A= 4,0
Rear tail position|0.167 0,54 053 0.58

There is good agresement with experament in almost all cases,
yrovided that the experimental 1ift curve slope is used ain calculating
the dowrwash, It is interostiang to note that the caleculated values
for & # 0, at the rear position, agres closely with Miltheopp's results
(see Ref.l4 para.3.k) for the downwash outside the vortex sheet at an
nfinite distanocs downstream, viz,

dg =8 (o - 2 4 . )
P (=, 0, &) = doc( 3 0, 0) iz l. o e for elliptic loading

This iz however no longer true close to the wing (at the forward position).
5  Qonglusions

The tip nose flaps should prove effectave in delaying the tip
stall, and in conjunction with split flaps {1n the forward position for
a tailless Delta, or in an intermediate position for a Delta with taal)
should give a satisfactory O max, (between 1.1 and 1,2, according
to flap position), without any appreciable change of trim,

The large dowrwash at high 1aft coefficients, due to the early
tip stall, will causc a loss of tail efficiency and & corresponding
slight instabllity near the stall, but this should not be serious,



The calculations of downwash at low incidences show good agreement
with the measured wvalues, and the method employed should therefore be
a satisfactory one for the estimation of downwash behind Delta wings
of small aspect ratio, provided that the 1ift curve slops is first
determined either by experiment or by a more accurate lifting surfacs
theory,
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APPENDIX T

Calculation of 1lift and downwash for a Delta wing

Downwash behind a kanked horseshoe vortex

We shall use the non=dimensional co~ordinates E=§- ’ 'r]=-§ 3
Z = -ﬁ , Where the system of axes s as shown in Fig,lla, Then the
downwash velocity at a point P (x, 0, z) due to a kinked vortex of syan

28 and of strength [' {y) per unit length in the darection of the y axis
can be shown to be

dn

1
O 03
1 Soar 7 gzsn.ngo cos ¢
R g R N S N - a D
s J 7 + Y " cos“¢ + J§+§
lf AY
_ 1 En + n2 taneg . En + 52 sing cosq
Jie? 2 2\ ned Fefesd
(£5+ 232 + 2Emtang + 7 sec @) " ; ¢
teree (l)
If the distribution of vorticity i1s elliptical, then I' 15 of the form
. 2
1 = ZJSY 1/1 = N X XY (2)
so that
-— @ = 2U5.Y —— 'n,.__ (RN RN (3)
dm \/"”"_——2'"
1 «n
Hence, substituting in (1),
Y Iz | Ezsin@ cos @
e(x,O,z)-:E:...-;E(l- 2l + +I+7
U i 2 o
[ 2+ €P0s20 4 22 J22 4 2
= Y xa (g, Z, ¢) veoes (k)
where
1
2
T = = 'ﬂ(é"‘ﬂtantp)dn

2 2
o ('ﬂ2+ éz)ﬁl -~ ) (& +Z?' « 2Entang + 1 sec @)



and
n{n + £sin ¢ cos 9) dn

1
J = = g
2 L
(£ cos%0 + Z,z) \/(1-—7‘?) (E2 + 22 + 2Entang + nzseczip)
[o]

4y

When &= O, this reduces to
: 2
! 2 )
S(X,0,0) = I.E T 4 tang _ 1 ‘/(; COszq) + Eﬂi::nQ(P + 7‘21 d.q (5)
x| 2 IE,| Ecos ¢ 2
! )

J1 = -

(The positave value of £ must be baken in the second term because the
square root in the corresponding term of equation (4) 1s always positive,)

An explicit expression for the integrals occurring in equations
(4) and {5) would be extremely complicated and imvolve elliptic integrals
of the first and third kinds; but it is sasy to evaluate them numerically
in any particular casc when the values of £, £ and ¢ are known,

Calculation of 1if't for Delta wings

We make the assumption that the spanwise 1ift distraibution is b
elliptical (see para.hL). In order to represent the chordwise distribution
of vorticity, the wing planform is split up into four equal strips (see
Pig,11b), and a kinked vortex with elliptic distribution is placed along
the quarter chord line of each of these strips. If the strengths of v
these vortices are given by 17,Yp, “{3 amd ), (sce equation (2), and their
angles of sweepback are ¢7, 92, 93, and 9), respectively, then the
dovnwash at any point P (x,0,z) 1o given by

£ = 2 al Y-i sren (6)

where
ey = al&,%Z, ¢1), (see eauation (4)),

and &; is the non-dimensional co-ordanate of F with respect to
the kink V3 of the i th vortex,

In this way the downwash angle is calculated at each of the four
points P; (Fig.ll'b), which are the £ chord points, on the centre line,

of the four strips, and is equated to the angle of incidence a , thus
giving four sumidtancous cquations for ¥y of the form

4
2 alj ‘YJ =g (i = 1,2,3,11.) escoe (7)

=1 ’



When the wvalues of Yi are known the 1ift can be found from
the equation

L
2
—-—-—CL = z Yi ceene (8)
R i=1

and the downwagh at any point in the plane of symmetry of the wing can
be calculated from cguation (4).

w]ll=






TABLE V

Model Dimensions

Wing
R,A,E,102 (for ordinates see Ref,l)
Thickness/ chord ratio 0,10
Apex angle 9@
Angle of aweepback (4 chord line) 36,9°
Root chord, Cgp -~ Tt, - 3,200
-A.=J-|-.O A:::3.0 kzljl
Meen chord C = f£%, 1,600 1.818 2,028
Area S - £ 10, 24 9.97 9.50
Tip chorrl - 't O 0-24-58 00858
Tailylane
Thickness/chord ratio 0,15
Root chord (=1 Cp) ~ £ 1,067
3
= & -
T1p chord (= S Cp) = £t 0,267
Span - Pt 1,600
Area - 2 1,067
Aspeot ratio - 2,41
Distance of middle point of tail root chord behind
middle proint of wing root chord ~ ft
Rear tail position 3,20
Forward $ail position 24133
Height of tail above wing § - %
Middle position 04033
High position 1.067
Split flaps
Flap angle 60°
Chord (= 15% Cg) = £t 0,480
Total span - 't 3,200
Distance of flap L.E, ahead of wing T,E, = £t
Rear flap position C.480
Forward flap position 0.960
Nose flaps
Tip flaps
Flap angle 1500
Chord (constant) - £t 0,125
gpan (per flap) = £t 1.371

] P



TABLE V (Ct'd)

Central flaps

Map angle 130°
Chord = at tip ~ ft 0,150

-~ at root 0,333
Span (per flap) ~ ft 1.371

C,G. Positions ~ Distance aft of L,E, of § chord - ft

Wathout tail (= 0,466 Cp) 1,493
With tail (= 0,525 Cp) 1.680

fi




TABLE VI

C.G. at 0,466 Cg

No Tail

and Pitching Moment Coefficients

AR, = 3,00
Lift, Drag
No Flaps
a® ¢ | ©p Cyt
0 « 0,012 | 0.,0069 C. 0096
4,151 +0,215 { 0,0110{ -0, 0162
8.30| O.4k57 0027861 -0,0L59
12,45 0,6657 0,07481 ~0,0743
16,551 0,816 0,1654 | -0,0778
18,601 0,846 10,2308 «0,1047
20,60 0,875 | 0,2862 | ~0,1269
22,601 0,867 | 0,3345 | -0,1580
Flaps in Forward Position
O",O CL GD GM
Ov 3G Ow 14'36 Oo 1598 ""'Oc O‘)-i'67
L4001 0,611 | 0,1754 | =0,0659
8.55 | 0.790| 0.2043 | -0,0933
120 65 Oa 920 035011'7 -01.1095
16.65 | 0,954 | 0,3916 | ~0,1313
\ 18,65 | 0,917 | 0.4465 | =0,1395
FPlaps in Rear Position
@ o | S | Oy
0055 Oo 538 Oo 1649 "'O. 1742
}+¢- 50 Oo 7‘1{'3 001926 "'Oo 199?
80 65 On 939 O: 2’-{-89 "O. 25()0
12,80 | 1,129 | 03401 | =0,2624
16.85 | 1,218 | 04627 | -0,285L
18.85 | 1.211 | 0,5285 | -0,2948

1w

No Split Flaps
Tip Nose Flaps

o

a G, Cp Cyr
~0,05 | =0, 042 | 0,0228 | C,0097
Lo15 | +0,200 | 60,0199 {=~0,0162
8.30 | 0,440} 0,0342 {-0,0448
12,45 | 0,681 | 0,0628 {=0.0744
16,601 0,888 0,1157 {~0,0920
18,70 | 0,971 | 0,1790 =~0.0978
20.75 | 1.062 | 0,2520 {=0,1296
22,70 1 1,036 | 03174 i~0,1410
Plaps in Forward Position with
Tip Nose Flaps
o ¢, | .Cp O
0,30 | 0,426 | 0,1684 |=0,0461
heko | 0.6171 0,1822 | =G, 0664
8.55| 0,8001] 0,2062 {-0,0875
12,70 | 0,975 | 0,2494 | =-0,1054
16,75 1,091 0.3220 | ~C,0981
18,75 | 1,061 | 0,3969 | ~0,0890
No Split Flaps
With Inboard Nose Flaps
G’.O GL GD CM
0 ~0,029 | 0,0308 | =0,0321
4,15 | +0,20L | 0.021L | =0, 0423
8,301 0.434 | 0,0326 | 0,058
12.45 1 0466k | 0,0745 | =0,0770
18,60 1 0,865 | 0,2096 | ~«0,0885
20.601 0.892 | 06,2498 | -C,1059
22,60 | 0,894 | 0,2827 | =0,1208




A= 2,31

Tail Rear

TABLE VII

No Flaps

C.G. a.t 00525 CR
Lif't and Pitching Moment Coefficients

-

No Tail Np = =4°  Low Tail

o Cp, Oy a” Cr, Oy
0 «0, 006 0,0072 0 =0, 028 0, 0371
belb +0,191 0,0183 4,10 +0e17h 0,0415
. B.25 0,392 0.0253 8.25 0.38L 0,0383
12,40 0,608 0,027 12,40 0,615 0.,0250
16,55 0,813 0.0150 16,55 0, 830 -0,0098
18,55 0,861 0, 0061 18,55 0.872 -0, 0262
20,55 0,865 -0, 0077 20, 60 0,902 ~0, 0541
22,55 0.858 _0'0307_J 22,60 0,914 ~0, 0824

np = 0°  Middle Tail np = -4 Imddle Tail

Cto ] CL C u ﬁ.o CL CM
=0, 010 0,0117 0 ~(0,032 0.0453
bel5 +0e 187 0, 0088 4,10 +0,173 00,0524
8,25 0. 405 0, 0031 8.25 0,381 0,0366
12,40 - 0,636 ~(y, 0077 12,40 0,612 0, 0264
16,55 0.83%9- ~(y 0261 16,55 0, 809 0, 0L0k
18,55 0, 865+ «0, 0244, 18,55 0,845 0, 0056
20,55 0, 878 -0, 0265 20,55 0.859 0. 0044
22,55 0,870 =03 0452 22,55 0.853 ~(, 0122

np = ~8°  Middle Tail np = ~4° High Tail

@ oL Oy «’ o, Oy
-0, 05 ~0,057 0.0778 0 -0,035 0, 0459
Lo 10 +0,150 0, 0741 L 10 +0,176 0,0377
8.25 0,360 0,0683 8,25 0.390 0,0264
12,40 0.588 0,0525 12,40 0,625 0,0129
16,50 0,791 0,0412 16,55 0,812 0. 0026
18,55 0.821 0, 0415 18,55 C.850 w0 QO0L
20455 0,840 0.0333 20,55 0.857 +0,0052
22,55 0.839 0,0045 22,55 0,842 -0, 0018

N {




ik

Rear Tail at Middie Height

Laft and Pitching Moment Coefficients

TABLE VIIY

4 = 2,31 No Flaps

a° Cy, Oyt
o} -0, 032 060453
4,10 +3,173 0, 0424
8,25 0,381 0, 0366
12.40 0,612 0,026k
16.55 0,809 0, 0104
18,55 0.845 0, 0096
20,55 C.859 0. 004
22,55 0,853 -0,0152

A= 3,00 DNo Ilaps

o Gy, Cyr
-OD 05 -Oo Oll'l Oo O"-{-l3
le15 +0,198 0, 0302
8,30 0uli36 0. 0081
12,45 0,665 -0, 0112
16,55 0.813 -0, 0076
18, 60 0.851 -(, 0189
20,60 0,874 -0, 0308
22,60 0e859 =0, 0641

A= 4,00 No Flaps

a® Op, Oy
~0,05 w(),ChO 0,0588
415 +0, 209 0, 0240
8.35 0. 455 ~C, 003k
12,50 0,665 =(1,0255
16,60 C.822 -0, 0324
18,60 0.858 -0, 0374
20,65 o, 884 -0, 0596
22,65 0877 =0, 0859

] G

np = el

Q

C.G. at 0,525 Cg

A= 2,31
Flaps in Forward Position
o CL Cie
Ce25 0,369 0,0907
4,35 0.536 0,0805
8.45 0. 704 C.0755
12,60 0,883 0,0631
16,60 0.923 0, 0655
18,60 0,887 0,0537
A= 2,3
Flaps a1n Rear Posation
o’ o, Cot
0.30 0ek:63 -0,0086
bo&iB 0.658 -, 0158
8.55 0,646 ~0,0249
12.70 1,076 -0, 0411
16.80 1,211 ~0, 0440
18,80 1,198 ~-0,0428
A= 3,00
Flaps in rear position
Q
a Cy, Cyt
0,30 0,469 =0, 0244
4,50 0,690 ~0, 0474
8,60 0,895 ~0,0723
12,75 1,080 ~0, 0891
16.80 1,178 -0, 0888
] 18,80 1.17h ~(0, 0882




TABLE IX
= 3,00 Tail Forward mq = =k  C,G, at 0.525 O

Lift and Pitching Moment Coefficients

No Flaps No Flaps
High Tail Middle Tail
«° o, CM a° Cr, Cun
=0, 05 w0, 05 0, 0380 =0, 05 (), 051 00,0370
L,15 +0.198 0, 0214 415 +0.194 0, 0236
8,30 Q. L34 0,0020 8.30 0,418 0.0087
12,45 0.670 -0, OLLE 12.45 0,651 -0, OCL5
16,60 0.841 -0,0270 16,55 0.831 -0, 0163
18,60 0,877 ~0,024L4% 18, 60 0.866 -0,0133
20,60 0. 884 -0, 0348 20, 60 0.873 ~-0,0248
22,60 0,868 -0,0520 22,60 0.859 -0, 043C
Porward Flaps Forward Flaps
High Tail Middle Tail
a® O, Cyp a° or, Oy
Lo 40 0,57k 0, 0409 L35 0,534 0,0620
8.55 0. 766 0,020k 8,50 0.726 0. 0441
12,65 0,911 0,0128 12,50 0,875 0, 0380
16.65 0,919 0. 0150 16,60 0,886 0,074
18,60 0,851 0,0036 18,60 0,863 0,0188
Rear Flaps Rear Flaps
High Tail Middle Tail
0 0 |
a &, Cn x . Cr Cyr
0.30 0,470 =0.0541 0,30 0. b3k -0, 0317
L,50 0,689 -0,0719 LoL5 0,648 ~0,0451
8, 60 0.895 -0,00L3 8.60 0,861 -0, 065
12,75 1,097 -0,1056 12,75 1,062 -0, 0702
16,80 1,176 ~0,1070 16,80 1.148 ~0,C571
18,80 1,160 ~0.1235 18,80 1,138 -0, 0866




£ ]

TAELE X

A= 2,31 Downwash at Rear Tail Position
No Flaps g ©
a® O High Tail | Middle Tail | Low Tail
Wing
0 -0, 006 0.5 0e5 0
Lal +0,191 2.5 3.1 3e3
8.5 0.392 }-|-.? 6.0 6.2
12,4 0. 608 7,0 8.5 B3
16.5 0.813 11,6 12,2 9.7
18,6 0.861 1.5 15.4 11,0
2046 0.865 18.6 18,5 11.1
22,6 0.858 23.7 2047 11,2
Forward Flaps ao
«° CLWing High Tail | Middle Taal
0.3 O¢ 134 5.6 7.0
L.k C,582 7.2 9.1
8.5 Q.70 2,1 11.4
12,6 0,911 i1.8 14.6
16,6 0,957 18,0 20,7
18,6 0,918 27 23.3
Resxr Flaps e®
@ OLW:Lng High Tail Middle Tail
0.3 0,533 64l 5.5
11‘-92{- O- ?l‘]-l- 802 ?’ 9
8.6 0,889 10.6 10,7
12,7 14120 14.0 16,3
16.8 1,248 19.1 21,3
18.8 1,229 23.5 2L,5




TABLE XT

Dewnwash Argles

No Flaps o
A= 3,00 €
2° o, Forward Position phear
Win -
e High Tail Middle Tail Middle Tail
O -0.03-2 097 Oo? 007
'Ll'ol “"‘O- 215 ’ 5:0 jv‘,-l- 301
8,3 0,445 - 5.3 6.1 S5e7
12.5 0,665 7.7 8.8 8.
16,6 0,816 11,4 12,8 12,5
18,6 0,846 1.6 15,8 . 14.9
20,6 0,875 18.4 20,2 | 17.6
22,6 | 0,867 21.8 245 18,9
No Flaps - o Forvard flaps o
A= 4,00 € A= 3,00 €
o cr, Rear Position ° g Forward Position
* VANE | 45 qa1e Tail “ | “Wirg H i i ;
agh Tail | Middle Tail
o | =~0,020 0,8 0.3 | 0,436 5.9 10,0
Lbuz +O.221 302 h-oLl- 0.61.1 ?‘9 12'3
8.3 1 0,450 b7 8.5 0,790 9.9 14,9
12.5 | 0,664 8,6 12,6 | 0.920 | 12,9 17.6
16,6 | 0,816 12.2 16,7 | 0,954 13,8 24,7
18,6 | 0,850 1h.6 18.61 0,913 22,2 | 27.9
20,6 { 0.875 16.6 .
22,6 | 0.867 18.9
Rear Flaps o
4 = 3,00 £
. E
rmo CLW' Forward Position - osg% on
108 | High Tail | Middle Tail | Middle Tail
0.3 | 0,538 6,5 8.3 | 7.6
Lol 0,743 8.5 10,1 9.7
8.6 00939 1009 1593 1202
12,7 1,129 4.2 16,7 . 15,7
16,81 1,218 19,5 21,9 21.1
18,8 1.211 23,8 2,7 24,7
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