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Wind Tunnel Tests on a 90' Apex Delta Wing 
of Variable Aspect Ratio 

(Svreepbaok 36.8o) 

Part. I - General Stability 

by 

J.G. Ross, B.So., R. Hills, B.A. 
R.C. Lock, B.A. 

Longitudinal and lateral stability measurements 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 76th ground, 
the effect of n body, and measurements of eleven power. 

CL max was 0.86 for all taper ratios but was reduced to a trimmed 
value of 0.65 vrith n static margin of O.lOg, due to the large loss of 
lift caused by the elevens. A tip stall starts on the wings at a= a0 
to 12O depending on the taper ratio; this has comparatively little 
effect on pitching moments but a large effect on both rolling and yawing 
moments, r+ and -$, both &creasing after the tip stall. G.A.T. 
tests suggest that there is M appreciable favourable scale effect on 
the tip stall. Ground. affects are small and can be estimated suffic- 
iently acouratcly using existing theoretical work on unswept wings. 
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1 Introduction 

A szrics of tunnel tests has been mado on a wing of delta plan form 
to investigate its lm speed characteristics. Some result* have already 
been described briefly1 in a preliminary note. Tnis report 'discusses 
those in more detail* and in addition gives further results from some 

later mnvestigations on the same model. 

2 Descriotlon of model - 

The model consisted basically of a wing of trmngular shape having 
an apex angle of 40' a&aspect ratio 4” Tms g~ve.5 8.n angle of sweep- 
back of 36.8O along the ~quarter chord line. The wing tips were removable 
in two stages so that aspect ratios of 3 and 2.31 could be obtained 
(Fig.1). In each case elcvons mere fitted &ich lwere of constant chord 
equal to Vo4s of the contra line chord Cl of the wing. In the condition 
where the aspect ratio of the wing was 3, the rear portion of the wing 
oontainmg the clevons was removable, and could be replaced by sections 
containing eithw of two sets of tapered elevens which were 20% or 15% 
of the local wing chord rcspoctively. All eleven hinge gsps were kept 
soalcdthrOughout. Reluvnnt data are given in Table I. The wing was 
also tcstod in conJunction with a syrmetrlcal body of cirCol.W Cross 
soctlon and a triangular shaped fin shown in Fig.1, 

The tests wre made in the R.A.E. No.2 11&l x 8-i' tunnel during 
Dccomber 1946 and early 1947 at a tunnel speed of 200 ft/sec., giving 
Reynolds numbers of 2.7, 2.4, 2.1 x 106 based on the mean chords for the 
three aspect ratios. The tests included ineasurements of lift, drag and 
pitching moments with various clevon angles, some tests with a &rod 

plate m the tunnel, and yming and rolling moments due to sidesli!, and 
to elevens. 

Wther measurements of dowmash behind the wing and of the effect 
of split flaps and nose flaps have been made and are reported in Ref.2. 

Normal tunnel constraint corrections to incidence and drag have been 
applied to the tests without ground as fw an unswept wiw,-. With ground it 
was thou&t that the corrections would be very small and therefore none 
have been applic& 

3 Discussion of results 

The values of CL for the three plan form with zero eleven angles 
arc plotted against incidcncc in Fig.2. A decrease in aepect ratio causes 
a slight decrease in lift curve zlope, but has little effect on cTJlnsx. 
The value of 0.86 for CLrnax is low, md tuft observations showed that a 
tip stall started at ix= 8" to 12O dopending on the aspect ratio. Fw. 4 
shows a typical set of surface tufts for the wing of aspect ratio 3. 
There was considerably loss outflow than on a wing with a swept back 
trailing edgo, so the early tip stall nyy be sssociatcd with the high 
local lift loading snd low Reynolds numbor at the tips. In fact assuming 
a two dimensional CLmPz of 0.8 for this sing section at low R and 
allowing for tho thecrctical lift distribution fromRef.3, the tip of tho 
A = 3 wing would be expected to stall at an overall CL of about 0.6 i.e. 
10-50 incidence, m fair agrccmont with the tuft photographs in Fig.4. 

* Rovisod strut corrections have been eppll?d to the drag and pitching 
mount results and there Larc slight differences in the results given 
here as conpared lrith Ref.1. 
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The body has little effect on CL- or lift slope (Pig.3). 
Ground grves an appreciable increase in both, thou& the stall was not 
actually reached in the tests vuth ground (Fig.2). The change in incAdence 
due to ground at a g~vcn CL is compared in Pig.5 nlth the estimated 
value fromRef.4 for a wmg wrthwt sweepback. Thd agreement is good 
enough up to the region vherc t'nc tip stall starts (CL + 0.6), and shows 
that this simple m&hod of calculating pound cffcct is adequate for 
delt? shapes. 

3.2 Drag 

The rapid rue in drag when the tip stalls is shdsn xn Fig.6 where 

the cffectivc profile drag (d&mod as CD - ,+ CL2 ) 1s plotted against 

CL- Some C.A.T. results 5 at high Reynolds number on a wing of the same 
plan form and scction, also given m ~1g.6, shar that there 1s a consider- 
able scale effect especially on the lo~w,t aspect ratio &ng. ‘This would 
be expected if, as already suggested, the tip stall occurs at the two 
dimensional CL- at the a propriatc 

% 
local Reynolds number For the 

C.A.T. results at R = 8 x 10 (mean) the local CL, would be about 
1.15 for the lowest aspect ratlo vxng corrcspond~ng to an overall m an 
CL = 0.96 for the whole wing. For tho R.A.E. tests at R = 2.7 x 10 E 
the local Cbax = 0.85 and the corresponding mean CL = 0.7~ 

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

CD are as follovx at low lift coefficients:- 

A=4 A=3 A = 2.31 
I 

K / 1.27 1.19 1.12 

The C.A.T, tests5 again show soxxz favourable scale effect on these 
results. 

F1g.7 shows the vzriaticn of glldlng angle 
i 

CD = tell-1 ';- \ LL ! 
with CL 

for the viing of aspect ratio 3 at constant clevon angles. The broken 
curve indicates the gliding angle with elovons adjusted to trim, assun~.~?g 
a static margin of O.lOB at lov lift coefi‘lcients. It v&l be noticed 
that there 1s a rapid incronsc in gliding angle above rl SL of about 0.55, 
corrospotiuq at a nlng loading of i'i lb/sq.ft., to a speed of 130 m.p.h. 
Some apprcclablble soalt effect msy be cqcctod as a.lreaZy mentroned. 

The pitching moment cocfficxntc in the tables and in most of the 
ihgures arc glvcn about a C.C.. at the same posltlon (0.466 of centre line 
chorii from apex) relative to the ccntrc 1%~ chord for $11 aspect ratios. 
In Fig.8 2~ovovcr the moment curves arc .:hown xiith :: C. posxtrons ad&l&cd 
to gwe the same static margin at zero CL. Thhese curves uxlloate the 
different behaviour of the vlngs at hi& lif't cooffwu?nts. At the stall 
all the wings show a nosc down pltohlng moment, but JUST before the stall 
the A = 4 wing bGcorncs slqhtly unstable, i+hilo the A = 2.3 XJWC has a 
steadily inoruasing stabblllty. Yhls latter effect vi11 make It difficult 
to stall the low aspect ratro viuq, sitxx the pitchug rwment requuircd for 
trmmng is large. 
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The aerodynamic centres for the wings at 301~ incidences are as 
follows, the calculated values being obtained by Falkner3, 

Table B 

Wing Behind L.E. of Behind L.E. cf geometric 
Aspect Ratio c!entre line chord mean chcrd F 

A 9 

masurea Elreasured ca1culat ed 

2.31 0.495 Cl 0.29 c 0.273 c 
3 0.534 01 0.325 c 0.319 c 
4 0.563 cl 0.375 -s 0.383 a 

The effect of the bady on pitching moments is small (Wg.9). 
Ground effect (Fig.10 is also fairly small and is compared in Fig.5 with 
the calculated effect i on a straight wing. Again the agreement is good 
enough for estimation. 

3.4 Elcvon effects on lift and pitching mcments 

From Figs.11 and 12 it appears that constant chord elcvcns are 
slightly mcrc effective in producing a pitching moment change at a given 
lift coefficient than either of the tapered elevens. The loss of lift 
due to the elevens, which in all cases is large, is least for the 15% 
chord tapered ones end these olevons give the hi&est trinmed Ch 
(0.65 with a static mergin of 0.12:). To try and reduce the large lift 
loss due to the elevens, some tests were made with the inboard 25@ span 
of the 'X$ chord tapered elevens cut off. The results given in Table VII 
showed that though the lift change is reduced, so also is the pitching 
moment and there is not sufficient elevator power to trim at high lift 
coefficients. 

Cross plots of the eleven effect on lift end pitching moments at a 
given inc~3cnce (Fig.13) show clearly the effect of the tip stall in 
reducing the eleven power at high incidence. The effect is worst for 
the highest aspect ratio. Falkner has calculated the lift effectiveness 
of a 20% chord taper eleven on this wing* and by using a twc dimensional 

value of O.O0Y5/degree for a% 
-;;-;;' 

the overall pitching moment effect 

can be calculated. The following table shows reasonable agreement between 
the experimental and calculated values at zerc incidence. 

/Table 

* The calculations ware made for elcvon spans of lOO$ and 90% of the 
wing spCan, the results have been extrapolated to the model eleven span 
of 86%:. 
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Table C 

0.023 0.0'232 

~/degree -0.0012 -0.00111 

i I , 

3.5 Yawing and rolling moments due to srdesl1.p 

The measurerrents with sidesllp showed llneer variation of yawing 
and rolling moments with angle of sldeslip up to an zncidence of about 
loo, but at higher incidences when the w~.ng tips stalled the curves 
became irregular (Fig.14). The value of the rolling and yawing moment at 
zero sideslip, plotted for a range of incidence in Fig.15, shows consider- 
able asymmetry especially on rolling moments. This is presumably due to 
differences in the tip stall on the port and starboard sides of the win& 
Though the asyimnctry is well within the slevon power this sort of 
behaviour mould. obviously not be satisfactory on a full scale airorilft. 
As already indicated there should be a favourable scale effect on the 
tip stall so that lift coefficient available bcforo thu effect bccomcs 
marked should bc hq&cr at flight Reynolds numbers. 

Values of e, and n, for the var~.ous model conditions tested 
zre shown in Figsa. end 17; in the rcglon where the C,,P ml CC ,p 
curves are not luxxr, + and % am man values for p = + 5'. The 
number of incidences for which results arc ava&xble is not sufflcicnt to 
to define the curves exactly especially in the region of the lnrgcst 
values of (-&,) and nv. Since the fall In nv and L-G) at a lx.ft 
coefficient of just above 0.6 is due to the tip stall, there mill in any 
case probably be an appreciable scale effect xn this region and hi&her 
values of nv and (-.+) may be obtained at flight values of Reynolds 
number. 

The effects of body and fin on nv are roughly independent of 
incidence. The body as might be expectad has Little effect on &,, while 
the fin reduces the change of $ mlth lift. 

3.6 Eleven effects on rolling and gawing moments 

The effect of one constant chord eleven on rolling and yawing 
moments on the various aspect raLlo vlngs is shovm 1x1 Fig.15. As with 
lift effects there IS a falling off in the rolling power of the elcvons 
at high incidence , particularly on the :i=ng itith the pointed tip. Flg.18 
compares the effects of the l!$ chord tapered elovons with those of con- 
stant chord. As would be expected the constant chord clevons have d 
greater rolling pwer, though the dlffcrvnoc hctwcen tho two LS less at 
hi& incidenccs. Thcrc is an appreciably adverse yaTang molrcnt at hqh 
incldcnces especially for controls of thus type used purely as 3jLerons 
and roved synimetrically from zero. For clevons moved equal. amounts up 
and down from a trlnmod up position it is smaller. 

Tho 15% chord elcvons arc powerful enough to hold the wings level 
at CL = 0.6 for up to 15O of sidcsllp ms;mng 10' of control on each side. 
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This C$ represents the largest value of -&,, measured in the model 
tests and at higher or lower values of CL, the aileron angle required 
will be less. At flight Reynolds numbers, -bv might be somswhat 
higher at larger CL, but the aileron power wuld also be increased 
at higher incidence, compensating for the higher -Cv. 

NO. Author 

1 Hills, Lock, 
Ross 

2 Lock, Ross, 
Meiklan 

3 Falkner 

4 Fani, Faima, 
Simidu 

5 Jones, Miles, 
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TABLE I 

Relevant Model Data 

Thickness chord ratio - symetrlcal 0.10 
Angle of sweepback (L.E.) 450 
Centre-lmne chord cl 3.2ft. 
Distance from nose of bo&v to L.E. centre-line 

chord 0.98 ft. 

A zj.0 Az2.31 

50485 4.685 
1.818 2.028 
Ye97 9.50 
O.l.4 0.25 

A ~4.0 

Span b-ft. 
Mean chord Z-ft. 
Area S-rt2 
Taper ratio 

Elevens 

6.4 
1.6 

10.24 
0 

(4 

(b) 

Cc) 

Constant chord elevom 

&md (to hinge line)-ft. 0.3 
Span (per eleven)-ft. 2.86 
Area (per elevon)-ft2 0.858 

ZOO chord. tapered elevens 

0.3 0.3 
2.40 2.00 
0.720 0.600 

hiIea.n chord-ft. 
span (per eleven)-ft. 
Area (per eleven)-ft2 

0.321 
2.31 
0.741 

15% chord tapered elevens 

i%ean chord-ft. 0.241 
Span (per eleven)-ft. 2.31 
Area (per elcvon)-ft2 0.556 

Fin - 

Nean chord ft. 1.043 
Hoi&t above centre line body ft. 
AIYXL (to centre lmc of body)-ft* 
Fin arm (distance from 6 centre 

lme chord of wing to 4 
centre lme chord of fin) ft. 

C.G. position 

On centre line chord 
Distance behind L.E. of centre line chord ft. 1.493 
Distance behind L.E. in terms of cl (centre line chord) 0-W cl 
Height of C.G. above ground ft. 0.834 

Note 

Note ell C$'s are given about this C.C. except those in Fig.8. 
All values of c, however are given about a C.G. at 0.366 ft. 
behind the above C.G. i.e. at 0.58 cl (cl = centre line chord). 
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Wrng and Fin Ordinates Body Ordinates 

Distance from 
L.E. $ chord 

0 
0.5 
0.75 
1.2j 
2.5 
500 
7.5 

10 
15 
20 
25 
30 
35 
LO 
45 
50 
55 
66 
65 

0 
0.825 
l.QOOY 
1.298 
1.820 
2.529 
3"041 
3.145 
LO50 
4-473 
J+~ 754 
4" 932 
4* >!EJ 
L. 953 
L.770 
it.492 
4.146 
30750 
5~31-8 
2.~60 
2.387 
1. VlC 
1.433 
0.355 
0. :+-,‘7 
0 

t 

Distance from Radius 
nose $ Len&h % length 

0 
2.61 
5.22 

so.43 
15.65 
20. a7 
26.09 

x0 
&Z 
46.94 
52m3.7 
56.96 
61.74 
66.52 
71.30 
76.09 
80.6-j 
85.65 
90.43 
g5- 22 

100 

0 
2.830 
3.933 
5*j74 
6.333 
7.023 
7.471 

6.855 
6.365 
5.797 
5alijg 
4-445 
3.662 
2.807 
1.888 
0.939 
0 

TAB%3 III 

No Ground 

King Alom r) = 0' 

A = 2.31 A=3 A=4 
a0 

CL CD %I CL j CD %I CL cD m C 
I I / I I I I 

- lb.1 -0.260 0.0149' 0.020 -0.229/omwi 
- 2.0 -0.112 0.0091 -0.001 

0 1 -0.023 0.0068 0 -0.014 0.0069 
2.2 0.083 0.0074 - 0.004 0.109 0.0081 
~3 0.1~1 0.0126 -0.010 0.226 o.Oijj 
6.3 0.285 0.0195 -0.015 
8.4 0.385 0.0295 -0.021 O.L&+O 0.032: 

10.5 0.508 0.0156 -0.031 
12.6 0.139 0.0648 -d.o42 0.688 0.08~6 
14.6 0.72ptO.1096 

0.800'0.17pp 
-0.059 

16.7 -0.076 0.842 o-1962 
18.7 0.845 0.2421, -0.097. 0.870 0.2543 
20.7 0.860 0,296o -0.106 0.880 0.3102 
22.7 0.852 0.3414 -0.122 0.861 0.3527 
24.7 0.821,0.3751 -0.129 
28,7 0.795 O.!,jlO --0.X+2 

o.O2Oj-0.258jO.Ol46j 0.051 

-0.009 -0.019 0.0070 0.003 
-0.024 
-0.037 0.234 0.0127 -0.045 

-0.06j 0.479 0.0337 -O-O89 

-0.078 0.680 0.0866 -0.115 

-0.133 0.518 0.1455 -O.lj‘i 
-0 D u,: 
-0.156 0.868/0.3oel -0.171 
-0.165 

0.81+0 O.j8j7 
0.788 0.4jjp -0.215 



TA3LE IV 

No Ground Wing + Body 

Constant Chord Elevens ?y = 0' 

A = 2.31 A=3 A=4 I a- 
l c, I CD CD Cm I 

-4.1 -0.219 0.0178 0.011 -0.246 0.0177 0.030 -0.260 0.0170 0.056 
0.1 -0.022 0.00~1 0.002 -0.008 0.00yl 0.004 -0.025 0.0089 0.009 
2.2 0.092 0.0098 -0.003 0.094 0.0096 -0.010 0.105 0.0095 -0.018 
L.3 
i.j 

0.187 
&28k 

O.OlLL -0.006 
0.0216 -0.009 

0.216 o.ou.6 -0.022 0.2?0 O.OLL 
0.322 0.0215 -0.033 o;j47'o.o%j 

-O.OLl 
-0.060 

8.4 0.403 0.0334 -0.017 c.452 0.0334 -0.050 0.462 0.0331 -0.079 
10.5 0.498 0.0461 -0.023 0.565 0.0495 -0.068 0.577 0.0546 -0.096 
12.6 0.620 0.0677 -0.035 0.671 0.0827 -0.079 0.669 0.0845 -0.104 
14.6 0.730 0.1132 -0.051 0.744 0.1308 -0.086 0.745 0.1326 -0.110 
16.7 0.788 0.1832 -0.070 0.796 0.1886 -0.036 0.801 0.1943 -0.124 
18.7 0.828 0.2437 -0.077 0.835 0.2498 -0.108 0.835 0.4313 -0.135 
20.7 0.852 0.2998 -0.087 0.861 0.3067 -0.113 0.861 0.3011 -O.ZU+Y 
22.7 0.853 0.3L39 -0.096 0.857 0.3462 -0.155 
24.7 0.841 0.3733 -0.120 0.803 0.3840 -O.&g 0.806 0.3774 -0.177 
28.7 0.805 0,4502 -0.130 0.801/0.4587 -0.165 0.803 0.4537,-0.201 

TABLE v 

No &-ound Wing + Body 

Constant Chord Elevens n= -10' 

k = 2.31 A = 3 A=4 
a0 

CL cD cm % 'D cm c, % cm 

-0.1 -0.194 0.0164 0.085 -0.273 0.0177 0.130 -0.295 0.0185 0.169 
4.1 -0.006 0.0096 0.081 -0.040 0.00~6 0.101 -0.053 0.0097 0.124 
8.2 0.195 0.0161 0.069 0.1~6 0.0154 0.072 0.200 0.0153 0.074 

12.4 0.4C3 0.0352 0.052 0.443 0.0427 0.033 0.441 0.0403 0.026 
16.5 0.627 0.1364 0.007 0.634 0.1407 -o.oio 0.616 0.1327 -0.012 
20.6 0.710 0.2&88 -0.021 0.713 0,2534 -0.037 0.708 0.~~496 -0.051 
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TtiLE VI 

Wing + Body 

Taperea Elevens A = 3 

20% chord 

-q1= o0 -q= -50 q = .-IO0 11 = -150 
8 r 

OL % % 'L 'D CIil CL Gn %I CL % % 

- 4-l -0.~ 0.0168 0.026 
C.l -0.015 0.0086: -c. 001 -0. :go O.Ollj 0.063 4,253 0.0179 0.11a -0.406 o.oiy7 C.182 
2.2 0.099 O.OOY5 -O.OlL 
a-; 0.323 0.216 0.0213 C.Olh3 -0.033 -0.025 0.066 O.OOTj i;.CSY 4.c12 lj.OJU9 o.oyo -0.171 o.ou+j 0.156 

8.4 0.?&5,5(: 0.0333 -0.c5: G.& ;.d211 ii.soy u.;is7 0.~~56 0.060 0.~64 0.3133 3.12; 
12.6 0.674 D.cB2S -c.m2 0.556 0.~567 -ij.ol?Y 0. LLj.!& 5.0;96 G.O2L, a 321 ~.3iBZi '2.283 
16.7 0.317 L.l3u+ -C.lll 9.7jj 0.1632 4.066 C.665 '3.1&2 -0.c23 C.539 0.1156 .J.t34 
18.7 A* 845 Lo 2543 -b.lZl L.767 3.2221 -2.G76 3.716 0.1y63 -0.036 0.596 0.1766 0.015 
20.7 0.865 o.jo71 -0.1~3 cr.793 0.2692 -o.o& 0.743 G.2490 -0.049 0.644 0.2293 -0.002 
22.7 0.8l+8 G.347j -0.134 0.799 0.3167 -0.095 0.7f;8 0.2339 -0.060 0.66; 0.2725 -0.013 



TABIJ3 VII 

Wing + Body - No Grow3 A = 3 

20% Chord Tapered Elevens (Inboard 7" Cut Off) 

q= -50 
a0 

.p = -100 q = -150 

CL CD %D CL CD c, CL CD %l 

i.1 -0.091 0.270 0.0101 0.0131 -0.012 0.038 -0.179 0.049 0.0139 0.0110 0.082 0.057 -0.260 -0.025 0.0140 0.0212 0.125 0.097 
a.3 0.368 0.0~59 -o.ou+ 0.289 0.0206 0.026 0.216 0.0~0~ 0.065 

12.5 0.610 0.0684 -0.050 0.530 0.0499 -0.013 0.473 0.0474 0.022 
16.6 0.767 0.1832 -0.086 0.711 0.1620 -0.057 0.657 -0.027 0.1542 
18.6 0.799 0.2406 -0.096 0.752 0.2133 -0.071 0.710 0.2111 -0.046 
20.7 0.826 0.2909 -0.105 0.790 0.2719 -0.082 0.746 0.2589 -0.059 
22.7 0.821 0.3329 -0.114 0.796 0.3155 -0.091 0.757 0.3061 -0,068 
24.6 0.715 0.3391 -0.088 

J 

TABLE VIII 

Wing + Body - No Ground - 

15% Chord Tapered Elevens A = 3 

q : -150 

-0.499 0.0406 0.164 
-0.404 0.0295 0.160 
-0.302 0.0207 0.151 
-0.176 0.0138 0.138 
-0.054 0.0109 - 
0.065 0.0119 0.104 
0.187 0.0159 0.087 
0.439 0.0483 0.043 
0.593 0.1430 0.019 
0. ti40 o. 2020 0.038 
0.677 0.2511 -0.015 
0.677 0.2930 -0.033 

- 12 - 



-4 
-2 
0 

i 
8 

10 
12 
l4 
16 
18 

A = 2.31 

TABLE IX 

Jlth Ground 

Wing Alone n = 0' 

0.462 0.0304l-0.027 
0.579 0.0425 -O.Ojy 
0.721 o.o7oi* -0.061 
0.844 0.1484 -0.066 
0.922 00214j -0.113 

I 
1.000~0.2936 -0.182 0.989 0.2yol /-0.207 

I 
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rfith Ground ?Ving + Body q = 0' 

Constent Chord Elevens 

A = 2.31 A=3 A=4 
a0 

CL / cn 1 Cm CL / cn 1 Cm CL CD cm 
I I I I I I 

0 -0.065 0.008; 1 0.017 -0.049 0.0081 0.020 -0.073 0.0080 0.027 
i 0.182 0.0294 0.0124 0.004 0.209 0.0123 -0.013 0.231 o.om -0.033 

0.438 -0.015 0.486 0.0279 -0.051 0.522 0.0308 -0.087 
10 0.567 0.042; -0.027 0.638 0.0462 -0.077 0.634 0.0470 -0.106 
12 0.704 0.0641 -0.046 0.758 0.0858 -0.096 0.752 0.0892 -0.120 
UC 0.833 0.1394 -0.073 0.847 0.1551 -0.112 0.848 0.1559 -0.139 
16 0.910 0.212: -0,091 0.912 0,2205 -0.127 0.920 oe2252 -0.160 

I I I 1 I I I I J 

TABLE XI 

Viith Ground Win& + Body = -10' -I_ -~ 

Constant Chord Elevens 

-0.364 
-0.070 

8 0.220 
10 0.367 
12 0.522 
I.4 0.657 
16 0.736 

A=3 

-14- 



u.0 

-4 
-2 

0 

i 
8 

10 
12 

2 
18 

T- 

F 

TAELE XII -- 

With Ground Wang + Body A = 3 

20% Chord Tapered Elevens 

q= 00 ?l= -50 

cL cD %I % % 
I I / I 

-0.328 0.0~57 -0.501 0.0206 0.116 -0.639 0.0365 0.177 
-0.189 0.0108 o.cjo~-0.350 0.0156 0.100 -0.500 0.0252 0.163 
-0.068 0.0080 O.Ol9 -0.197 G.0100 O.O8l, -0.357 0.0165 0.152 
o.ogj O.O@Gb -0.001 -0.077 0.0079 0.071 -0.21110.0111 0.135 
0.22j 0.0130 -0.017 c.ogl~o.oog6 

-0.038 G.239JO.0144 
0.049 -0.078 0.0095 0.117 

0.384 0.02og 0.026 0.093 0.0113 0.091 
0.522 0.0307 -0.059 0.388 0.0220 0.004 0.224 0.0153 0.020 
0.65s 0.0454 -0.081 0.522,0.oj56 0.021 0.368!0.0229 0.046 
0.780 0.08~8 -0.104 0.643 0.0647 0.041 cl*533 o.cl+Ga 0.013 
0.860 0.1583 -0.11y 0.779 0.1391 0.076 0.656 o.m+6 -0.018 
0.918 0.2192 -0.138 0.840 0.2052 0.094 0.750'0.1786 -0.01~1 
0.972 0.2857 -0.151 0.884 0.2557 0.109 0.801 0.2297 -0.053 

v = -100 i 

71: -150 Ty = -200 n = -25O 
I -0 1 , I 
j LL / CL i CTl I Cm ! CL I C, I Cm I CL I CD I cm I 
‘- 

i 

10 
12 

2 

1 
I / I I 

- 

I 
-0.510~ 0.02, 

I I 

-0.225io.01, 
I 0.205 
I 0.185 

0.086/0.01~ / 0.134 -0.022 0.0172 0.183 
0. 0.107 o.izG O.OlYG 0.157 
0. 0. 074 0.276 0.0264 0.128 
0. 0.040 0.434 0.0661 0.093 
0. -o.014i 0.535 0.13L9 0.066 

I 

-0.08710.0300 
0.059~0.0291 
0.203 cr.0322 
0.352,o.O536 
0.4J+110.1254 

I I I I I , I I 

- 15 - 



TABLE XIII 

Yawing Moment Coefficients with Sideslip 

Winn Alone n = 0' 

C 

I 

I 

a 
A = 2.31 
O.l’-0.02 
8.4 0.38 

12.6 0.62 

~ 
0.1 -0.01 
8.4 0.44 

12.6 0.69 
16.7 0.84 
20.7 0.88 

a=4 
O.l‘-0.02 
8.4 0.48 

12.6 0.68 
16.71 0.82 

103 c, 
0 2 

- 

O-9 

-0.4 

-0.1 
0.4 

-0.4 

0.2 
- 

-0.7 
-0.6 
0.8 

~ 

-0.5 
-0.5 
-0.6 
0.2 
0.5 

-0.5 
-0.6 
-0.8 

1 
-0.5 

0.003 
0.018 
0.021 

0.002 
0.013 
0.023 
0.016 
-0.035 

0.002 
o.ooy 
0.025 
0. ol.& 

t 
! 
‘F 

~ 

3 =15 - 

7.1 

0.3 

6:4 

2:: 

10 - 

3.1 
4*5 

0.6 

::: 

-:I: 

- 

t:: 
4.9 - 

-2 
- 

-0.1 

-0.5 

-1.0 
0.1 
2.1 

-0.9 

-5 

-0.5 
-1.6 
-1.6 

-0.4 
-1.1 
-2.1 
-1.2 
4*2 

-0.4 
-0.8 
-2.3 
-1.1 

-10 - 

-3.4 
-4*4 

-1.2 
-2.8 

$8” 
3:1 

-2.0 

1;:: 

-15 

-7:2 

-0.6 

-7.2 
-7.6 
3.2 

-6:a 
-6.6 

0. 2 
1.5 
2.0 

0 
1.1 
1.9 
1.5 
.2.0 

0 
0.8 
2.1 
1.4 1 

Rolling Moment Coefficients with Sideslip 

Wing Alone n = 0' 

A = 2. 1 

i 

0.1 -0.02 
8.4 0.38 

12.6 0.62 

A=4 

T ld C& 

5 -2 -5 -10 -15 

28.5 

-0.5 

24.2 

-68:; 

18.3 
6.3 

@=15 10 

- - 
- -16.8 

-29.8 -21.8 

a -0.6 

a+:0 2:: 
-13.2 -8.3 
12.6 3.7 

- - 
- -11.6 

-16.7 -11.9 
-8.3 -6.2 

0 

6. Y 
7.8 

-0.7 

2:: 

-::,' 

-2.7 

::; 
3dl 

- 

-0.9 
-7.3 
-8.6 
-6.9 
-1.8 

-1.6 
-6.3 
-5.8 
-2.7 

0 
-0.093 
-0.117 

-0.002 
-0.075 
-0.084 
-0.052 
0.023 

0.007 
-0.Q64 
-0.058 
-0.034 

1.2 

-1.0 

-;:: 
-4.2 

2.5 

14.7 
18.4 

-0.4 
12.1 
15.4 

4.8 
-3.5 

10.9 
11.5 

3.2 

- 

i 

- 16 - 



TABLE XIV 

Yawing Moment, Rolling %kxnent and ZXaeforce Coefficients nith Sideslip 

Ving:. Bo@q and Fin A = 3 V = 0' 

0 
I 
0.004 12.3 5.7 

a.3 0.450 15.5 7.2 
12.5 0.672 18.2 8.8 
16.6 0.812 17.5 8.4 
20.6 0.843 4.9 4.4 

103 c, 

12.5 0.672 
16.6 0.812 
20.6 0.843 

- 6.8 - 3.2 - 0.9 0.7 
-16.3 - 8.1 - 3.9 0.1 
-15.8 - 7.7 - 2.8 0.5 
-10.9 - 6.1 - 3.7 1.0 
- 5.5 - 1.1 0.7 -c.2 

103 cy 

-i----- 0.004 
8.3 0.450 

12.5 0.672 
16.6 0.812 
2C.6 0.843 

-82.2 -39.1 -3a.9 3.7 19.3 38.7 79.7 
-89.2 -43.2 -19.5 -0.2 21.4 11.4 87.1 
-95.7 -47.9 -22.7 -4.6 22.1 $5.2 91.6 
101.C -49.3 -23.8 -2.7 22.5 ~7.6 102.0 
-82.5 -50. c -25.4 -2.5 23.6 .6.9 85.4 

-+-j-fy 

a.3 01461 - 417 
12.5 0.726 - 2.7 
16.6 0.839 - 5.0 
20.6 O.t?32 -10.1 

103 ce 

i.3 o":z: 
0 

-13.6 
12.5 0.726 -10.4 
16.6 0.839 - 7.7 
20.6 0.832 - 1.3 

103 c, 
0 0.005 - 6.5 
a.3 0.461 - 9.4 

12.5 0.726, -12.5 
16.6 0.8391 -17.6 
20.6 0.8321 -31.0 

t : 
2.50 

2.9 

%:i 
4.2 
2.4 

i 
- 

0 
- 

T 

-2.50 -5O 

0.3 -2.2 -4.7 J-l.3 0.060 
0.4 -3.0 -6.5 *a. 9 0.078 
0.4 -3.8 -8.2 -17.5 0.097 
0.3 -3.9 -7.7 -16.9 0.092 
0.3 -2.1 -3.6 - 6.1 0.046 

If:: 
4.7 
5.1 

-1.1 

3.8 7.6 .0.040 
8.3 17.3 .o.ogl+ 
8.7 17.7 *o .Q94 
7.3 11.1 .0.077 
0.7 5.2 0.010 

% 
,053 
0.25 
.0.27 
.0.28 
.0.27 

- -  

50 2.5O 
- 

0 
- 

- 3.1 -1.5 0.1 
- 2.4 -1.0 0.2 
- 0.8 -0.4 0.9 
- 3.2 -0.5 0 
- 7.6 -4.1 0.8 

- Yi 
- 4.9 
- 5.1 

4.3 

-;:: 
-0.4 
-5.4 
3.7 

- 2.3 -1.0 
- 3.9 -2.3 
- 5.3 -3.8 
- 2.0 -0.3 
-13.6 -7.2 

0.4 
0.2 
2.9 
0.3 
1.0 

2.4 
1.0 
3.1 

i: 

i 

7 

-2.50 

1.9 
1.4 
1. a 

2: 

-0.6 
4.0 

::t 
,2.5 

1.6 
1.1 
.0.6 
.0.3 
4.1 

2’2 
::: 
9.2 

0.3 
8.0 

;:: 
-2.0 

. 
;:: 
2.2 

2," 
- 

-100 

6.2 
4.3 
2.6 
5.4 

10.9 

2.2 
15.0 
13.6 

::a 

8.1 

lit"1 
UC.6 
25.5 

3, 

-0.037 
-O.O?T 
-0.0:a 
-0.035 
-0 ‘ c37 

47 

0.000~ 
-O.O& 
-0.079 
-0.070 
a.036 

yv 
-0T2 
-0.02: 
-0.03 
-0.02 
-0.07 

J- 
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TABLEXV 

Effect of Elevens on Rolling end Yawing Moments 

Constant Chord Eleven - Port Side Only Moved n+ ve Trailing Edge Down 

a 

0.1 

kc& 
12.6 
14.6 
16.7 
18.7 
20.7 
22.7 

t 

Yawing Homent Coefficients LO3 Gn 

Wing Alone 

A=: 
-fj=OO 

-0.9 -0.8 

-0.6 -304 
0.8 -4.4 

-0.6 -5.0 
-0.8 -5.2 
a. I -5.5 
0.4 -5.8 
2.5 -5m1 

0,3 
a.6 
0.6 

Wing + Body 

A = 2.31 

Rolling Moment Uoefficients lo3 Ce 

r Wing Alone Wing + Body 

a A = 2.31 A=3 A=4 A = 2.31 

q=oo q =+lOO rjd2O 3 =+lOO q zoo rl =+lOO +OO 17 =+lOO 

0.1 -1.0 18.3 -1.3 21.3 
4.3 - -1.3 - 
8.4 -1.6 

;6':9' 
-1. 2 20.9 

12.6 -3.3 

1614 

-1.7 l&o 

14.6 -2.0 - 16.7 -4.1 10.4 -7.5 79:; 
18.7 -2.5 11.0 -5.0 - 
20.7 -2.2 10.9 -3.2 8.7 
22.7 -4.6 9.8 - 8.8 

-1.1 23.6 -0.5 21.0 
-0.8 20.8 

-0.9 15.8 -1. 2 20.4 
-1.6 10.9 -2.8 19.6 
2.5 

89167 
-1.0 20.2 

0 -3.0 13.5 
-0.6 
-0.7 ;:2 

-4.0 11.5 
-40 2 10.9 

-2.4 8.5 - 11.3 

- 18 - 



TABLZ xv (Cont’d.) 

vhl,l? + B0ay A = 3 

Constant Chord Elevens - Port Side Only Noved (n + ve T.E. Down) 

p z 00 

,=-1co rl=-200 

I- 
-22.9 -4r.i' 
-22.:: -13. 2 
-zj~o -1.2.0 
-20.3 -36.1 
-l&3 i -34.8 

23.6 
24. I q I‘- 

-23.4 
-31.3 ’ 5.i 

I 

15% Chord Tapered Elevens - Port Side Only Koved ( n- ve ~2) 

r 

? 

103 c(, 103 cn 

a r,=+lo" $Y 71=-100 1 T)d?o" ,rl=+lOO TpoO -plOO q z-200 
I 

19.7 0.6 -18.6 -32.4 
19.3 0.6 -13.7 -31.8 

804 16.9 0.1 -19.0 -32.9 -z.g 
12*5 15.4 1.4 -15.6 -27.8 
%:Z 14.0 11.0 1.5 1.5 -11.5 -10.1 -20.6 -24.5 

la.6 5-2 0.8 -10, i3 -20,6 -3.4 0.1 
20.6 7el -0.5 -11.5 -21.5 
22.5 3.3 -1.9 -12.0 -23.5 

I 

- 15 - 



FIG. I 

-/ 
/II 

I --- :- 

- 

PLAN OF MODEL. 



FIG.2 

i 

-l- 
I 

r 

. . 

: 

I- 
L 
3 

i 



154. CHORD TAPERED 

,- / I I 
P <I P I> IC 20 do 24 I 

I I I I I I I 8 I I I 

A=3 WING WITHOUT GROUND. 

EFFECT OF ELEVONS AND BODY ON LIFT. 





FIG.5 

3 CALCULATED 

t 

\ AXE L~PERIMENTAL \ 
\ 

0 
02 04 IO I2 

IO 

I I 

A= 3 CALCULATED A= 3 CALCULATED 

A*3 D(PERIMENTAL A*3 D(PERIMENTAL 

EFFECT OF GROUND 
ON LIFT AND FITCHING MOMENTS. 



FIG. 6. 

+ i -I--- 
A-- 

--__ 
--. 

__- --.\ 
a 

+-T \ \ 
\ \ \ 

t 

r--- 
b 



FIG.7. 

” 
WITHOUT GROUND 

WITH GROUND --- ------- 

030 
TRIMMLO GUDING ANGLE 

I I 

(04Ot STATIC htARGlN)\ 
I 

I 19 
0 25 L 

I 

c, GLIDING 

CL ANGLE 

l 021-- - -  

-loe 

D45 

0 IO 

-5’ 

006- c 

0, 
160 

, 

03 c 

, 

_- 
/=- 

_ _-- 
_______- -- __._---- 

/ 

/’ 
/’ 

,’ 
/’ 

_,’ , 

VMPH (w 

. 

/ 

II_ 

d’ 
I’ 

I’ 
I’ 

b , 

I 

I=“, 
/ 

,’ 
,’ 

I 
/’ 

,’ 

LOADING 25 LB /SC? FT), 
10 

L 05 06 07 c, 08 09 

20% CClORD TAPERED LLEVONS 

WING? BODY A=3 WITH AND WITHOUT GROUND 

ANGLE OF GLIDE. 



FIG.8. 

P. F 
I 

I’ I 
: 

0’ 

I 
I 

: 

I , , : 



FIG.9 

b 



FIG. IO. 

A 
I I 

I I 
I I I I 

I 
u-l 

L--f 

I I 
/ I 

O I I 
; 4.1 / 



FIG.1 I 

-0 25 

C, 

--0 oe 

--0 IO 

2010 CHORD TAPfRED ELEVONS 

IS% CHORD TAPERED ELEVONS. - - - 
CONSTANT CHORD ELEVONS. - - - - - - - - 

A= 3 WING + BODY. WITHOUT GROUND 

EFFECT OF ELEVONS ON PITCHING MOMENTS. 



FIG. 12. 

02 

G 

0 IO 

< v. 5 

c 

-0 2 

-005 

-0 0 

- . 

. 

L i 

A: 3 WING f BODY 
* 

EFFECT OF ELEVONS ON PITCHING MOMENTS 
WITH GROUND. 



FIG. 113. 

0 15’ 

-0. IO 

A.05 

n 

0 5 IO 15 20 cc- 25 

PITCHING MOMENT 

CONSTANT CHORD ELEVV 
2&CHORD TAPERUXLEVONS-------- 

BODY ON- WITHOUT GROUND 

EFFECT OF ELEVONS AT CONSTANT INCIDENCE. 



FIG. 14. 



FIG.15 

EFFECT OF INCIDENCE ON ROLLING 
AND YAWING MOMENTS 



FIG. 16. 

004 

004 

0 02 

, 
8 

-0 02 

-Oo$ 

-0 06 

VARIATION OF 71~ WITH LIFT 



FIG.17 

r cm4 1, 
ooc 1 I I I II I 

I 

06 c, 08 k0 

I 
As3 Wlffi AhD BODY 

I-0 14J I , I 

VARIATION OF e, WITH LIFT. 



FIG. 18. 

1: -200, I , 
5 , 

20 

t 

A IO'C, 

f 
I 

: 

TAPERED ELEVC 

I 
,Y’ CONSTANT CHOF 

------+ _---- 
_------ 

I ELEVON5. 

ZERO SlDE5LIP A=3 PORT ELEVON ONLY p” T E- DOWN 

I 

i 

INS 

\D 

EFFECT OF ELEVON ON ROLLING AND 
YAWING MOMENTS, 



C.P. No. 83 

Report No. Aero.2284 
August, 1948 

Wind Tunnel Tests on a YO'-Apex Delta Wing of Variable Aspeot Ratio 
(Sweepback 36.8’) 

Part II - Measurements of Downwash and Ef'feot of High Lift Devioes 

by 

R.C. Lock, B.A. 

J.G. Ross, B.Sc.(Eng.), A.F.R.Ae.S. 

and 
P. Meiklem 

Wind tunnel measurements of downwash were made on Delta wings of 
aspeot ratios 4, 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 9, max. 

The tip nose flaps proved effective in delaying the tip stall, 
and gave some inorease in CL max. With split flaps untrimmed CL max 
was 0.95 and 1.2 with the flap in the forward and rear position res- 
pectively. There was no change of trim vtith the flaps in the forward 
position with tail off; with the tail an intermediate flap position 
should give zsro trim change. 

The downwash was large at high lift coefficients, owing to the 
early tip stall, and this caused a loss of tail efficiency with a 
corresponding slight instability neat- the stall, which should not be 
serious. 

A method. is given of calculating the downwash at small inoidenoes 
behind a Delta wing, end the results show good agreement ~6th the 
measured values, provided that the expariments.1 lift curve slope 
is used. 
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1 Intro?iuotion 

Extens;lve tests have already been mad in the No.2 ll& f't wind. 
tunnel at the R.A.E. of longitudinal and lateral stability on some 
Delta wings. To complete the tunnel programme it was requiv~d to 
measure the downwash behind these ynngs, and to find the effect of a 
horizcntal tall ancl of split flaps and ncse flaps on the stalling 
cnaraotenstics. Some theoretxal estimates of lift curve slope and 
downwash at low incxdences we113 also ma& for ccmpaxxsonwxth the 
expwimcntal results. 

2 Descrlpticn of model and test (See Table V, Flg.1) 

The wing, which IS more fully described in Ref.1, had a basic 
Delta planform of ds,&?ot ratlo 4 and 900 apx angle, with the tips 
removable in tvfo stages to give aspect ratios 3.0 and 2.31. The wing 
section was a lC$ thxck R.d.E.102 which has a L.E. radws of 0.605$C 
and maxxmum thickness at 35% C. No fuselage was used throughout these 
tests. The mdel was supported on the upper (three component) balance 
on three struts, usmg a rear sting to which the tall could ba fix&. 
This was also of Delta planform, of aspect ratio 2.4, and. could be 
fitted either on the sting or in two posltlons above It supported by a 
thin faxed stscl pillar. ‘Wo chordivlse Ixxltlcns wem available, 
gxving sxx pcssxble tail psitions (of which only five we= in fact 
used). 

The mcitcl is shown m Pig.1, and relevant dimensions are given 
in Table V. 

Lift? drag and pltohing moments were treasured on the three "mgs 
without tall and for a number of tail positions, at a wind s 

3 
ed of 

200 ft/sec., givix 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 
rlT = 00, -4" 3nd -so verc used in each case for the downwsh measurements. 
Tests were xx&d.ed ynth 60'. split flap, of constant chord equalto 
0.15 CR and of total sp;Ln 1.0 CR (CR = centre line chord), fitted in 
two positmm:- at the trailing edge and one flap chord ahead of it. 
Tests wcr-2 also mxlc :&thcut tail to find the effect of nose flaps on 
lift and pitchi% mmcnts (for the wine, of aspect retio 3 only). TPJD 
types mxe tried, each w;rlth n flap Lxngli: 130'. The fu‘st, covering the 
xnbwrd half of' the vxng, had a onord (measured pardUe to the plane 
of synnctry of the vxng) cqz~J to 1% of the local xng chord; the 
S~CCI$ whhlch extended from the tips ever the outboard. half of the wing, 
ivx~ of ccnstznt chord cqlxd to 4% of the mng centre line chord. Both 
types wwx tcstedvrlth and vathout split fla-ps. 

The tests were macle In the No.2 11; ft x 8$- ft wind. tunnel at 
the R.A.E. durxng Wzch &nd April 1948. The usual corrections for 
block&gc and twnel ccnstralnt have been applxed to all the results 
pot& 

3 Discussion of results 

3.1 Effect of high lift devices 

The lift, drag and p'itchlng moments 
3 (without tad) flttcd wvlth var~cus 

for the wxng of aspct ratio 
flap ccmbil%tlons are given In 

Table VI; the lift curves arc shown InFxg.2 and the corresponding 
patching mmcnt curws in P&.3. The lift increwnts produced may be 
swmwised Js follows:- 
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TABLE I 

Lift lncre~~eents dae to flaps 

[ ACL i n% aStal1 
at a SlOO max. (= 210 for wx-lg alone; 

Nose flaps (Inboard) 0 0,oz 210 

II " (tip) 0 0,19 2x0 

Split flaps (rear msltlon) 0.46 0.34 m" 
II " (forward " ) 0.30 

SplSt flaps (forward) 1 

o"c8 

/ 

160 

mth tip MSB flaps 0.32 0.21 j 170 

Tuft observations showd that tj it: tic 113.3~ flap were successful 
in delaying the tip s&11, Lut the lnooiird flaps had very little effect 
ancl are unlihely to be of any use. The rear pos;tmn of the split flaps 
produmd the greatest lift :ncrement, bat also cause? a large n03e &WI 
trvn change mlthout tail (f!Q = -(>.12). Xovmg the flap forward reduced 
this to zel~), but also xwluced tr,* llf't mcrments and brought about an 
early tip stall. This was to ri inrge oxtrnt cured by the tip nosa flzps, 
and 1t is thought that, thxs comb~~~tlon should. prove the most effcctlva 
in practlcc for a tailless IJclta. Flg.3 shows that there IC 3. slight 
instability near the stall in thxs cast only, but tin:: tild not occur 
unt11 arl 1nclderlcco of 140 ins rcxhcd dnd should not bL. sermus. 

A horizontal tall, however, tames a nose up pxtchlna moment at 
constant s with the flaps VI the fonmrd posltlon (xx Fq.6) and it 
is probable therefore that an Lnterwdlat~ flap posltlon will g'Lve REID 
t&n change in this case. 

3.2 Doivprash measurements 

In order to obtain tlx angle of downwash at a gxvcn wxng incidence 
a, the pitching moncnts measuxw3 -mth the three tall sottlngs arc plotted 
aga.nst WjJ, and from thx curve the value of qT for mhsch C${ (tax1 
on) = C),! (110 tail) can be Interpolated. Thti dovmwash angle E is then 
given by E = I% + VT. The angle thus obtalniid 1s strictly a mean of 
the actual downwash angles over the area of the tall, but In fact should 
not differ appreciably from the value at the mxldle point of the tall 
root chord, which is close to the mean quarter chord pornt of the tall. 

These values of E (corrected for tunnel constrant) at Various 
positions behlnd the wng are given in Tables X a& XI and are,plotted 
agamst lncldence in Pigs.7 - 9; they lncltie the effects of s-plot flax=. 
The most Important feature of the results I.S that they sh~vr EL large 
mcrease in downwash at angles of lncldence near the stall, in almost 
all oases. This IS so marked that the tail ef'flcxencg factor (1 - ?&$ ) 

becomes negative at angles of ino~denoe above about 15' (no flaps) or 
lZ"(vulth flaps). TIE effect is due to the concentration of lift near 
the oentrc of the wing at high llf't coefficients produced by the early 
tip stall, which causes a correspondxn& large downwash &wnstream m 
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the wake. The only exception oocurs in the rear lowest posltlon of the 
tail on the stmg, which at high momfkmces is below the wake, so that 
the downwash 1s much smaller here than at the other pxltions. 

3.3 Effect of the tail on lon~itudzdal stabilltg 

Lift and pitchmg moment coeffici&ts Yith tail are given III 
TablesVII, VIII .?:ld IX and some CM - CL curves are shown in Flgs.4 and 
5 (tail m rem @sItion), and in Fig.6 (tail In forward position). The 
C.G. posltlon for these curves differs from that used in Fxg.3 (tail off) 
and in Ref.1; xt was chosen to glw.a reasonable static margm at low 
inoldences. It will be seen that the loss of tall effectlvemss near 
the stall, due to the large downwash at the tall, causes a defmite 
instabzlity at lift coefficients above about 0.8 (no flaps), 0.85 (flaps 
in forward pmltion),or 1.0 (flaps m rear position). The lowest rear 
position of the tall (Fig.5) 1s the only one which avoids this trouble; 
but even in the other cases the instability should not be very serious, 
as 1'6 is swll and only OCCUI'G Just. before the stall. 

The control power of the tall tier vamous conditions 

t4=0° 
is given below in Table II. The loss of control power near the stall is 
very small (see Fxg.4), and there is no change due to putting flaps ~OWTI. 

TABLE II 

Control Power of the Tail 

Condstion ("% 
1% a= 00 

per degree 

Rear tail wsitlon 

A = 2.31 Low tall position - 0.0074 

Middle tail posltion - 0.0083 

High " " - 0.0085 

A=3 Middle tail jqsitlon - 0.00875 

A=4 II 11 I8 - 0.0099 

Forward. tail position 

A=3 Middle tail pxi tion - 0.0057 

I-Ii& " " - 0.0060 

4 Theoretical estimatxon of lift curve slope and downwash 
(see also Appendix 

Calculations have recently been made of the &wnwash behind 
sweptback wxngs of largs aspot ratio (Ref.21, and behxndwings of small 
appect ratlo mth zero sweep (Ref.3), but up to the present nothing has 
been pblished for swept-back or Delta wrngs of smsll aspect ratio. It 
was themfore decided to make an independent calculation for these 
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~rtlcular Delta wings, usmg an extensmn of Wieghard's method for 
rectangular wings (dee Ref.3). 

The continuous chordwise distribution of vcrticity over the wing 
is represented by four kinked horseshoe vortices (sac Flg.llb), and the 
assumption in made that the sR3.nvr,se lift dlstributicn is elliptical; 
Falkner (Ref.4) has shown that this should be a good approximation for 
the wags cf aspect ratio 2.3 and 3, but less good for that of aspect 
ratio 4. The downwash due to these vortices is evaluated at four 
mints on the WUX,CJ centre line and 1 5 cqmted to the angle of mczdence 
of the 'vlng; hence four simult~aneous ep~tlonj am obtnmea from which 
the strengths of the four v~rtlce:; can bo calculated. Details of the 
method me given in the apez&ix. 

The lift ourvc slo~os for tht thme wings thus obtamed are 
tabulated below, together with the results of Palkner's paler4 and of 
the wmd tunnel tesd. 

TABLE III 

Lift curve slo-ces. (per radian) 

a% / -d+ 
’ dc 

A.R. vortex nethcd) % (Falkner) / 2 (measured) 
I , 

2.31 a47 
/ 

2.76 2.69 

3.0 2.92 3.14 3.15 

4.0 3.52 3.47 3.44 

The measured values all agree well with Falkner's caloulations, 
but the results obtained by the four vorter:method are low for the tvm 
smaller aspect ratus. This 1:: probably due to the fact that the 
method does not take into account the singularity in the dcwnwash which 
ooours at the kink of a swegt vortev (see e.g. Ref,5). In order to 
allow for this it would be newesary to super%~ose on the original 
elliptic distribution an additicti vorticity function near the centre 
of the bound vortices, vlnzch wouldreduce tne oirculation and hence 
the downwash at pints very close tc the kink. The resulting lift 
G.&W slops would thus be increased, and better agreementmth exprj.- 
merit should be obtained. However, since the effect of this fmlddlo 
function’ dies out rapidly behind the kink, there is no reason why the 
simple method should not glvc a good approxunation to the downwash some 
distance behind the wing, provided that the measured values of the lift 
curve slopes are substituted for the mncorrect calculated values. 

When the relative strengths of the four kinked vortices are known, 
the dowwash can easily be calculated at any goolnt m the plane of 
nymmetry of the wing. This has been done for the positions at which the 

downwasn has been measured cxperimentelly. Those values of 
ias' 
j - 

da a=o" 
arc given in the first column of Table IV below. i I 

The second column 
gives the values obtazned by using the memuredlift curve slopes, and 
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these are plotted against t: = f (z = vertical height of tad above 

model x , s = semi span) III Fzg,lO, togztiier vrlth the experimental 
I-esLiLts. 

. 

TAELE! IV 

Downwash at small incdences 

A= 2.X 
0 0.73 0.79 0.77 

Rear tail positionlo, 227 0.58 0.63 0.65 
0.455 O-44 0.48 0.50 

A = 3.0 0.68 O-74 
a56 0.61 0.615 
0.44 0.48 

A = 3.0 : %77 0083 e 
194 

Fommrd tall " 0,‘3a9 
o,62 0.67 0.65 
a47 0.51 0.55 

A = 4.0 

Rear tail posltion/oa167/ O-54 0.53 0.58 
/ 

There is good agreement Fath eqeIunent in almost all cases, 
pmvded that the experimental lift curve slope is used ~fl calculating 
the downwash. It is udercstug to note that the calculated values 
for Z * 0, at the rear msltion, agree closely with l&thopp's results 
(see Ref.4 pra.3.4) for the downwash outside the vortex sheet at en 
infinite &st*ncd downstreem, viz. 

z (-8 0, t;) = zt (-7 0, 0) - I< I . -$ . +$ for elliptic loading 

This is however no longer true close to the wing (at the for8wrd position). 

5 Conclusions 

The tip nose flaps should prove effective in delaying the tip 
stall, and in conJunotion Vrlth split flaps (2-x the forward position for 
a tailless Delta, or in an mtenndiate psltlon for &Delta mth tell) 
should give a satisfactory CL max, (between 1.1 and 1.2, accorckng 
to flap posltion), without any apwemable change of trim. 

The large d.owrwash at high ldt coefficients, due to the early 
tip stall, will cause a loss of tail efficiency and a corresponding 
slight Instability near the stall, but this should not be serious. 
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The calculations of downwash at low incidences show good agreement 
with the measured values, and the method employed should therefore be 
a satisfactory one for the estimation of dowwash behind Delta wings 
of small aspect ratio, provided that the lift oulve slope is first 
dateMnined either by experiment or by a more accurate lifting surfaoe 
theory. 

. 

5. Author Title, etc. 

1 Ross, Hi1l.s &Lock Six comgonent wind tunnel m?asurements 
Delta wing of variable 

~p~c?ra!~?isvuaepback 36.8'). 
Part I - General Stability. 
(See Part I of this Report). 

2 Schliohting 

3 Schlichting 

4 Falkner 

5 Schlichting 

Calculations of the dowwash behind 
sweptback vsings of large aspeot ratio 
(Part I). 
ARC.12,415, May, 1947. 

Calculations of the dowwash behind 
wings of small aspect ratio vdth zero 
SW@LQ. Part II. 
ARC 11,244. October, 1947. 

Preliminary calculations on Delta wings. 
126 vortex, 6 point solutions. 
N.P.L. Preliminary Sheets. 

The lift distribution of s swept-back 
vnng of infinite aspect ratio, Part I. 
The Indirect ?roblem. 
ARC. 11,665. June, 1948. 
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APFENDIX I 

Calculation of lift and downwash for a Delta wing 

Downwash behind a k~.nked horseshoe vortex 

We shall use the non-dimensional co-ordinates g= x , 11= 2, 
gd, where the sptem of axes 1s as shown In Flg.lla. 'Then theS 
downwash velocity at a ).zoomnt P (x, 0, z) due to a kinked vortex of span 
28 and of strength r (q) per unit length XI the duection of the y axis 
cam be shown to be 

If the distribution of vortulty 1s elliptical, then r IS of the form 

so that 

1- = asy , 1 - ,' / . . . . . (2) 

ar -,= m"u -"-- . . . . . (3) 
dn 

Jl-2 

Hence, substituting in (l), 

E2sinq cos 'p + I+J 

= y x a cc, r;, qP) l . . . . (4) 



When Z= 0, this reduces to 

(5) 

(The positive value of E mt be taken m the second term because the 
spare root in the oorrespond.~ng term of equation (4) 1s always positive.) 

An explicit expression for the integrals occurring in equations 
(4) ad (5) would be extremely complicatea and involve elliptic integrals 
of ths first and third kinds; but it is easy to evaluate them numerically 
in any partioular cast when the values of c, g and cp are kmwn. 

Calculation of lift for Delta wings 

We make the assumption that the spanmse lift distribution is 
el1iptlcs.l (see para.4). In order to represent the &or&vise distribution 
of vorticity, the wing planform is split up into four equal strips (see 
Fig.llb), and a kinked vortex with elliptic dlstnbutlon is placed along 
the warter chord line of each of these strips. If the stren ths of 
these vortices are givenbyYl,Y2, Y3 and Y4 (see equation (2 7 , and their 
angles of sweepback arc 91, '~2, v3, and 94 respeotlvsly, then the 
downwash at any point P (x,O,z) 1s given by 

4 
E = C "1 Yi 

i=l 

. . . . . (61 

where 

% = 4h92: 7 9i), (see equation (4)), 

and 5i is the non-dimensional co-ord.mate of P tmth rz+?ct to 
the kink Vi of the i th vortex. 

In this way the downwash angle is calculated at each of the four 
pints Pi (Fig.llb), which are the $ chord points, on the centre line, 
of the four strips, and is equated to the an&e of incidence a, thus 
giving four sumltaneous oqmtions for Y1 of the form 

4 
.Z al3 YJ = a (i = 1,2,3,4) . . . . . (7) 

J=l 
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When the ValWS Of Yi are hxvn the lift can be found from 
the equation 

2% 
4 

-= 2 Yi 

?-CA i=l 
. . . . . (8) 

and the domwaah at any point In the plane of spnmtry of the w?ng can 
be calculated from equation (4). 
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Model Dimensions 

R.A.E.102 (for ordinates see Ref.1) 
Thdness/chord rat10 0.10 
Apex angle VW 
Angle of sweepback (* chord line) 36.9' 
Root Chord, CR - ft. I 3.200 

k4.0 Jb3.0 As2.31 

Span b - f-t 6.400 5.485 4.685 
Mean chord C - ft 

ft2 
1.600 1.838 2.028 

Area s - 10.24 9.97 9.50 
Tip chord - 73 0 0.458 0.858 

Tailplane 

Thickness/chord ratio 
Root chord (= 1 CR) - ft 

0.15 
1.067 

3 
Tip chord (= b CR) - ft 0‘267 

span - ft 1.600 
Area - ft? 1.067 
Aspect ratio 2.w 
Distance of middle point of tall root chord behind 
middle point of wing root chord - ft 

Rear tail position 3.20 
Forward tail position 2.133 

Height of tall above wing g - ft 
Middle pmition 0.533 
High posltion 1,067 

Split flaps 

Flap an&%e 60“ 
chord (= 15$c,) - ft 0.480 
Total span. - ft 3.200 
Distance of flap L.E. ahead of wing T.E. - ft 

Rear flap position 0.480 
Forward flap wsitlon 0.960 

Nose flaps 

Tip flaw 

Flap angle 
Chord (cordant) - ft 
Span(perflap) - ft 

130° 
0.125 
1.371 
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T&?LE V (Ct'dl 

Central flam 

Flap angle 
Chora - at tip - ft 

- at mot 
Span (per flap) - ft 

1300 
0.150 
0.333 
1.371 

C.G. Positions - Distance aft of L.E. of s chord - ft 

Wzthout tail (= 0;466 C+) 3.493 
With tail (= 0.525 Q 1.680 
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TABLE VI 

A.Q = 3.00 C.G. at 0.466 CR No Tad 

Lift, Drag and Pitching Moment Coefficients 

No Flaps 
No Split Flaps 

I Tip Nose F: ta 

cl0 

0 -0.012 
4.15 +0.215 
8330 0,445 

12.45 0.665 
16855 0,816 
18,60 0.846 
20.60 0.875 
22.60 0,867 ! 4.15 

8.30 
12.45 
16.60 
18.70 
20.75 
22.70 

+0.200 
0.440 
0.681 
0.888 
0.971 
1.062 
1.036 

Flaps in Forward Position with 
Tip Nose Flaps 1 Flaps in Forward Position 

CL 
0.436 
0,611 
0,790 
0,920 
0,954 
0,913 

- 
1 

CD CM 

0.1598 -0.0467 
001754 -0;0659 
0,2043 -0.0933 
0.3047 -0.,1095 
0.3916 -0.1313 
0.4465 -0.1395 

0.30 
4.40 
a.55 

12.65 
16-65 
18.65 

0.30 
4.45 
8.55 

12.70 
16.75 
la.75 

1 Flaps in Rear Position 
No Split Flaps 

With Inboard Nose Flaps 

-14- 

% / 'D cM 
0.538 0.1649 
0,743 0.1926 T 0,939 0,2489 
1,129 0.3401 
1.2l8 004627 
1.211 0.5285 

cr, CD CM 

-0.029 0.0308 -0.0321 
+0.x4 0.0214 -0.0423 
0.434 0.0326 -0.0584 
0.664 0.0745 -0.0770 0.824 0.1497 -0.0817 
'0.865 0.2096 -0.0885 
0.892 0.2498 -0.1059 
0.894 0.2827 -0.1208 

-0.1742 
-0.~$97 
-0.2300 
-0.2624 
-0.2854 
-0.291+8 

0.35 

kg 
12180 
16-85 
18085 

0 
4.15 
8.30 

12.45 
16.55 
18.60 
20.60 
22.60 



TABLE VII 

A= 2.31 Tail Rear No Flaps C.G. at 0.525 CR 

Lift and Pitchng Moment Coefficients 

No Tail -I 

20.55 
22.55 

-0.006 
+O.lYl 
0.392 
0.608 
0.813 
o&i 

E;z . 

0.0072 
0.0183 
0.0253 
p.0274 
0.0150 
0.0061 

-p.o077 
-0.0307 

I nT = 0" Middle Tail 

: 

nqJ J -40 Low Tail 

a0 c, CM 

0 -0.028 0.0371 
4.10 to.174 O.&l5 
8.25 0.381 0.0383 

12.40 0.615 0.0250 
16.55 0.830 -0.0098 
18.55 0,872 -0.0262 
20.60 0.902 -0.0541 
22.60 0.914 -0.0824 

0 -0.010 

k:,’ 
+a.197 

12:40 . 0.405 0.636 
16.55 0.839. 
18.55 0.865+ 
20.55 0,878. 
22.55 0.870 

0.0117 
0.0088 
0.0031 

-0.0077 
-0~0261 
-0,0244 
-0;0265 
-0~0452 

CM 

0.0778 
0.0741 
0.0683 
0.0525 
0.0412 
0.0415 
0.0333 
o.wt5 

.i 
a0 % cM 

0 -0.032 0.0453 
4.10 +0.173 0.0424 
8.25 0.381 0.0366 

12.40 0.612 0.0264 
16.55 0.809 0.0104 
18.55 O&5 0. cm6 
20.55 0.859 0.0044 
22.55 0.853 -o,a192 

11T = -4O High Tail 

a0 % ' cM 

: 10 

8:25 

+0.176 -0.035 0.0377 0.0459 

0.390 0.0266 
12.40 0.625 0.0129 
16.55 0.812 o,oo26 * 
18.55 0.850 -0.Ooo4 
20.55 0.857 to.0052 
22.55 0.842 -0.0018 c 

s 
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TADLE VIII 

Rear Tail at MiddIe Height riT = -4' C.G. at 0.525 CR 

Lift andPitching Mcment Coefficients 

A = 2.31 
Flam in Forward Position I I A = 2.31 No Flaps I 

0 -0,032 
4.10 +0.173 
8.25 0.381 

12.40 0.612 
16,55 0.809 
18.55 0.845 
20.55 0.859 

. 22.55 0.853 

0.0424 
0.0366 
0.0264 
O.ClO4 
0.0096 
0.0044 

-0.0192 

A = 2.n 
A=3*OJ No Flaps 

I Flaps m Rear PO! tlon 

-0.0086 
-0.0158 
-0.0249 
-0,041l 
-0.0449 
-0.0428 

i 
r 

A = 4.00 No Flaps 
a = 3.00 

tion 

CM 

-0.0244 
-0.0474 
-0.0723 
-0.0891 
-0.0888 
-0.0882 

Flaps 
0 

a 

n rear po 

CL 

0.30 0.469 
4.50 0.690 
8.60 0,895 

12.75 l.O?O 
16.80 1.178 
18.80 1.174 

CL 
0 

a 

-0.05 
4.15 
8.35 

12.50 
16.60 
18.60 
20.65 
22.65 

CM 

0.0588 
0.0240 

-0.0094 
-0.0255 
-0.0324 
-0.0374 
-0.0596 
-0.0859 

-0.040 
+0.209 

x; 
0:822 
0.858 
0.884 
0.877 

..16- 



TBLE IX 

A = 3.00 Tail Forward VT = -4' C.G. at 0.525 CR 

,Lift an& Pltchmng Moment Coeffxients 

No Flaps 
Hz& Tail I 

No Flaps I 

0 
a 

-0.05 
4.15 
8.30 

2:; 
18:Go 
20.60 
22.60 I 

Forward Flaps Forward Flaps 
High Tail Middle Tail 

CY. 0 
CL CM a0 CL CM 

0.25 0.371 0.0568 0.25 i 0.365 0.0712 
4.40 0,0409 4.35 0.0620 
8.55 ",*:ii %Omt 8.50 :*;:i 0.0441 

$2.65 0:vu 0.0128 12.60 o:875 0.0380 
16.65 0.919 0.0150 16.60 0.886 0.0474 
18.60 0.854 0.0036 la.60 0.863 0.0188 
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Rear Flaps 

High Tail 
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a .% i CM 

I I 
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8.60 
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-0.0541 0.30 
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-000943 8.60 
-0.1056 12.75 
-0.1070 16.80 
-0,1235 18.80 

I Rear Flaps 
Middle Tail 

0.434 -0.0317 
0.648 -0.0451 
0.861 -0.0654 
1.062 -0.0702 
1.148 -0.0571 
1.138 -0.0866 
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TAEGE X 

A = 2.31 Downwash at Rear Tail Posltlon 

No Flaps 0 6 

a0 CL 
Ning High Tail Middle Tail Low Tail 

I I I 
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:",*2 
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2317 

18.5 15.4 11.0 IU.1 
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. . . 

Fomard Flaps 0 c 

a0 CL . 
Wing High Tail Middle Tad 
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aoi CL WWZ High Tail Middle Tail 

I I I 
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ii:2 
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12;7 li126 
16.8 1.248 
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23.5 24.5 
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Dcwmash b&es 
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A= 3.00 
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813 

-0.012 +0.P5 * 
0.445 . 

12.5 o. 665 
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18.6 20.6 t-i+; 
22.6 0:867 
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High Tail 1 Mitie Tail maze Tail 
I I 
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7*7 

1L4 
14.6 
la.4 
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12,8 
15.8 . 
20.2 . 
24.5 

%3 0.538 
0.743 
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1.2I8 
1.2l.l I 

Formrd Flaps 
A = 3.00 so 

OoT Forward Position 
a. -Wing f&h T&a Middle Tail 

* 
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12.3 

a.5 0.790 
12.6 0.920 12; 

14.9 
18:8 

17.6 
16.7 0.954 
18.6 0.913 22.2 j $9' . 
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E 

Formxd Position ReSU- 
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2:; 12: 
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FIG. I a-c. 

4 PLAN OF MODEL. 

- 
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33j 
MIDDL 

33’ 
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C> TlP NOSE FLAPS. 

E 

FIG.I(a-c] DELTA WING WITH TAIL. 



FIG.2 

. *5 

1 ---0.2 2 

FIG.2 LIFT COE FFlClENTS ON DELTA r 

WING-(WITHOUT TAIL). EFFECT OF 
HIGH LIFT DEVICES A.R. = 3. 

c 

-X- FLAP5 DOWri REAR POSITION. 
-E+ FLAPS DOWN FORWARD POSITION. 
-f-- TIP NOSE FLAPS. 
y&- TIP NOSE RAPS-FLAPS DOWN 

FORWARD WSITION. 

T INBOARD NOSE FLAPS. 



NO FLAPS 
-jt FLAPS DOWti REAR POSITION 

FLAPS DOWN FORWARD POSITION. 
-+--TIP NOSE FLAPS. 

u Tip HOSE FLAPS, FLAPS DOWN FORWARO POSITION+ 
--p-INBOARD NOSE FLAPS. 

C.G. AT 0.466 C,, 

FIG.3 PITCHING MOMENT COEFFICIENTS ON DELTA 
WING (WITHOUT TAIL). EFFECT OF HIGH LIFT DEVICES AR=3. 
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0 IO -! 

-010 

C.G.AT 04525C, 

G.4 PITCHING MOMENT COEFFICIENTS ON 
A DELTA WING WITH TAIL. A.R. = 2.3 I TAIL IN 

REAR POSITION. 

2 w 4 
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5. a = 140 



F IG.5. 

4 A= 224 NO FLAPS 
--3t As 2.31 FLAPS DOWN REAR POSITION. 

+ A= 2*31 FLAP5 DOWPI FORWARD POSlTlOri 

--I--- A=3 NO FLAPS 
-A-- A:3 FLAPS oowpl REAR P05iT10t-i 
-+‘-- Aa4 IdO FLAPS 

C.G.AT 0*5'S C, 

PITCHING MOMENT COEFFICIENTS ON DELTA 
WING WITH TAIL. TAIL IN REAR POSITION - MIDDLE 

TAIL POSITION - +qrz, = - 4.’ 



0 *to ri c.. 

C.G. AT 0525 C, 

FIG.6 PITCHING MOMENT COEFFICIENTS ON DELTA 
WING (WITH TAIL). 

TAIL IN FORWARD POSITION Yz, =-4” A.R:3. 



FIG.7 

------MIDOLE TAIL PO 

FIG.7 DOWNWASH BEHIND A DELTA 
WING (WITH AND WITHOUT SPLIT 

FLAPS) AR: 2.3 I TAIL IN REAR POSITION. 



FIG. 8 
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5 -------- 

I I 
0 5 IO I5 20 25 02 30 

FIG.8 DOWNWASH BEHIND A DELTA WING 
WITH AND WITHOUT SPLIT FLAPS. 
TAIL IN REAR POSITION AT MIDDLE 

HEIGHT. 



FIG.9 
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\ NO FL!APS. 
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- HlCHTAlL POSIT 
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;&f&&f?,,,,, “0 
0 "FCW'ARO '1 A 

----MlODLEtAlLWS4ll 
” FORWARD ” 0 

0 ,. 
0 5 IO 15 20 25 #" 30 

FIG.9 DOWNWASH BEHIND A DELTA 
WING WlTH AND WITHOUT SPLIT FLAPS. 
TAIL IN FORWARD POSITION A=3. 
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9 AND i.:: : :*3d * 3 REAR PO~ITI0l-d. b) Am3.0. 
GHE EXPERIMENTAL VALUES OF d&WERE USED FOR ALL CALCU‘ATIONS~ 

FWO(a&b). THEORETICAL AND EXPERIMENTAL VALUES 
OF $+ AT LOW INCIDENCES. NO FLAPS. 

A , 4 -l 
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-- 
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FIG.1 I@ KINKED HORSHOE VORTEX 
SHOWING SYSTEM OF AXES. 

FIG I l(b) SYSTEM OF VORTICES 
USED FOR CALCULATIONS 
OF LIFT AND DOWNWASH 
ON A DELTA WING. 
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