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Aerodynamic derivatwes are given for three partiL*x planforms 
oscillating with symmetric distirtlon modes in incompresstile flow. The 
planforms are: 

(i) a cropped delta wing of aspect ratio 3 and taper ratio l/7; 

(ii) a cropped delta wing of aspect ratio 1.2 and taper ratio l/7; 

(iii) an arrowhead wing of aspect ratio 1.32, taper ratio 7/18 and 
angle of sweep of 63.4O at the quarter chord. 

The results *re for modes of the form w for n = O(l)4 where r) 
is a non-din~ensional spsnwise co-ordinate. They have been determined from 
lntermcdlate results which D. E. Ichrian had earlier obtained by the vor- 
tex lattice methcd. The results are ccmpared, for some cases, with the 
correspondtig values given by very low aspect ratio theory. 
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List of Symbols 

i 

C K1 8. ( 

= [% (9) + 5 (%)) 

0 = wing chord 

=m = mean wing chord 

(4s)ij etc. equivalent constant strip derivatives 

(de) etc. matrices of equivalent constant strip derivatives 

[‘zlij etc. overall derivatives 

x 

Y 
s ,iwt 

r eiut 

m 

"rl 

e 

V 

yrn 

P 

w 

matrices of overall derivatives 

= wing erea 

= wing semi-span 

=: time 

= airspeed 

= matrix of downwash velooities at collocation points due 
to the assumed doublet distribution 

= distance aft of mid chord axis 

= distance spanwise from wing centre line 

= d&nwwzd displacement of any point 

= bound vorticity 

= bound vorticity distribution functions 

= 9 
8 

-1 2x 1 00s - 7;- 
( > 

,,!!E 
V 

"rn =- 
V 

= air density 

= cirod3r frequency 
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1 IntrOducti.on 

In 1951 D. E. Lehrian' published values of the aerodynamic &rivatives for 
a cropped delta wing of aspect ratio 3, taser ratio j/7 oscillating with rigid 
modes in incompressible flow. From some of her intermediate results the deri- 
vatives for the ssme wing oscillating zn distortion modes of the form 1~1~ l 
were obtained and publishes 111 reference 2. 

In reference 1 the first of the chor6wise distribution functions for the 
bourd vortioity was taken to be 6 

rO 
= 2 [C(v) cot &l + +iv sin 61 (1) 

that is, the function vkkh arises in two-dimensional theory. The use of this 
diction wzs found to give errOneous values of the damping derivatives for 
small values of Y because of the presence of a term Y log Y u the limiting 
value of C(Y) as Y tends to Zero. To avoid this error D. E. Leht-ian used 
instead the function 

r0 
= 2 00t$e (2) 

in reference 3. In that report she obtained rigid mOde derivatives for two 
cropped delta wings both of taper ratio l/7 and of aspect ratios 1.2 snd 3, and 
also for an arrowhead wing of aspect ratio 1.32, taper ratio'7/18 and angle of 
sweep of 63.4’ at the quarter chord. The present report gives the derivatives 
for these three wings oscillating 111 distortion modes of the form 1~1 . 
These have been obtained from the values, given in reference 3, of the matrices 
of the downwash velocities at the collocation points induced by the assumed 
&xblet distribution functions. 

2 Method 

The method of determining the derivatives is described in reference 2. 
It will therefore be suffxzent for oup present purpose to give only those 
details which me necessary for the correct understanding of the results. 

TO obtain the derivatives for modes of the form Idn for n = O(l)4 the 
downward displacement of any point on the wing, with the exponential factor 
omitted is assumed to be given by 

4 4 
a = c om ITf (Ii - 4 c 00s 8 c hdr s ’ 

i.=O r=o 

(3) 

. 

This is not quite the same form as that used in reference 2. The refer- 
ence length used in defining the flexural displacement has been changed. from 
the semi-span 8 to the mean chord 

8 
cm. This modification simplifies some 

of the expressions which appear later. It should also be noted that the dis- 
placement in any particular degree of freedom 1s either purely flexural or 
purely torsional. The air forces for degrees of freedom containii both 
flexurc and torsion are considered later. 

If vi, x, are the generalisea forces corresponding to the degrees of 

freedom Q, x, then 
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I 
xr = J 

j=o s=o 

where the matrices * Y etc. are given by 

y* L-: -7y)V2S8Rz (%-')'Sz 

YX = -npV*SS R, (i+)IS a 

XJr = -~rp&sR~(%-~)'S~ 

, 
xx = - "p V%sRa(@) Sill* 

(4) 

(5) 

z Is the mtrix of' the dcwnwaoh velooitles at the collocation points due to 
the assumed doublet distsibutlon (see reference 2)*. The other matrices R,, 
sz etc. are given by the following relationships (appropriate to six oollo- 
oat- points situated at the intersection of the lines q = 9, %, 9 and 
e = e,, e*):- 

Ra - 

(6) 

(7) 

(8) 

* The matrix used. in reference 3 is the transpose of the one used in 
reference 2 and in this report. 
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where N= I 

1 

1 

p* = joo Jo2 Jo4 

%o J12 J14 

J20 J22 J24 

J30 J32 J34 

Jl+o J42 J44 

J50 J52 J54 

f60 J62 _ J64 

1 

(IO) 

JO = first six rows of J** 

J = first five rows of Jo* 

0 

c, = a - bq 

a -b 0 0 0 0 o- 

0 a 4 0 0 0 0 

0 0 a -b 0 0 0 

0 0 0 a -b 0 0 

o 0 0 0 a -b 0 

I 0 0 0 0 0 a -b 

(II) 

(12) - 

(13) 

(14) 

(15) 

(16) 
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ana 

L = first five rows and six Coluolns Of Lo (47) 

K = LJ* (18) 

K' = L* J"' (19) 

G = mf, = m"J*' (20) 

(21) 

The matrices Y* etc., when made non-dimensional are divided up into 
matrices of the overall derivatives. !chus 

, 

where 

and so 

Ys = - p v2 S 0 m I[8 ] + ivm [-S;]] 7. 

u* = - p v2 S =m I [haI + iym [-$I 

xt = -p ? S cm 1[-yJ + ivn: L-m:31 

xx = - p V2 S cm i[-m,] + ivm [-m;]j 

[es] = [eJiJ etc. [ 1 

i > 
J 

(22) 

(23) 



k&l = c y 71~ Bm 
mm L 

RZ (F -I)' See 

r-m;1 = 7r&- 4m 
mm c 

Ra (f -I)' Se) 

x 

(25) 3 

L-m:] = n* 4m Ra ($7 -1)' sa . 
mm r 3 J 

The stiffness derivatives thus include the virtual inertia contrtiution. 

The equivalent constant strip derivatives (&z)ij etc. ere related to the 
overall derivatives by the formulae:- 

, 
1 

0 

1 

['alis 

0 

> (26) 
1 

[*zLj 

0 

[-mb(lrs = (-ma& 

0 , 

/(27) 
i 
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1 

[%lij = (qij $ qli.‘j aq 
i m 
0 

1 

['$i.s = (e&)is 
i cm> 

" * qits dq 

(27) 

These equivalent constant strip derivatives are the same as the equiva- 
lent constant derivatives of reference 2. 

The generalised forces for a set of degrees of freedom whose modes of 
displacement can be expressed as lzneax combinations of the above modes 

(3)) can be obtained from the overallderlvatives for the above 
Thus if the displacement in the uth degree of freedom is 

s zz 
c cm f,,bl) - $c CDS FhFJq) 

3 
n, 

where 

4 ,* rut-d = c gui Mi 
i=o 

$ 4 Fu(d = c Gu Id’ 
r=o i 

then the corresponding generalised force is Q, where 

(28) 

(29) 

Q, = z Qla q~ (30) 

r 

*f F u' u are coupl.ed flexural and torsional modal functions, i.e. they 

describe the displacement in the seme degree of freedom. 
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&I = [is, Gl ” ” ’ 
I I 

lg’ 
Q E 1 

X$Xx pj 

= 'P $ s cm [a Gl 
+ 

and 

g = [&J 

G = [“UjI * 

iv, 
@I [$J i II [*&I C-m,1 

(32) 

(33) 

Alternatively the generalised forces for degrees of freedom whose modes of 
displacement Bpe distinct from tho;e of equation (3) oan be obtained directly 

from the recipzocel matrix (f -I) . If the displaoement in the u th degree 
of freedom is given by equation (28) though with fuI Fu not neoesssrily given 

by equation (29) then the matrix Q of the generalised force coefficients Q, 

is given by 

where 

RIz = p 2 ii] 

s e = ivm [;1, G] 

I$ = 
iv 

-$ I?, &I;.+% 
[ 1 

; 
Ii i = - 4 ivm 00s e,.d 

(I ii - 3 ivm cos O,H6 

and, for (I + a) degrees of freedom, where 

j E -& 

1 

302 &--I 

40 
A 
512 44 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 
L A * 
ho 5s2 h--J 
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J 

(34) . 

. 

(35) 

(36) 

(37) 

(38) 

,, 

(39) 



L+o l?,02 co; 
* . a 

I kl0 k12 k14 

i . . . . . . . . b . . . . . . . 

. . . . . . . ..*.....a 

L ;a0 "2 - ka4 

ri -* * = : so Ko2 ;0; 
In * . 

i KlO 

r 

Kj2 K14 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

I;,0 i2,2 ;& 

_) i ':..."'..I. ":. _j* 
I 
iGaO G a2 G&J 

(41) 

(43) 

(44) 

(45) 
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1 

lg,, 
2 

= 10 2 0 Fgq) q s \sfl 7-3 - q aq 
m 

0 

(47) 

. 

(48) 3 

3 Results 

Derivatives for the p~t$zular set of modes of equation (3) have been 
obtained from D. E. Lebrisn s values of the matrix of the downwash velocities 
indWed by the assumed doublet distribution functions for the following cases:- 

(i) cropped delta dng, aspect ratio = 3, taper ratio I ‘/7 

‘rn 
= 0.22, 0.4 * 

(ii) cropped delta wing, aspect ratio = 1.2, taper ratio = l/7 

vm = 0.3, 0.6 

(iii) arrowhead wing, as ot ratio = 1.32, taper ratio = 7/l8, quarter 
chord sweep = r 63.4 

'rn = 0.303, 0.606 . 

The results are presented (Tables 4. to 51) as matrices [es] etc. of the 

overall derivatives and also as matrices (es) etc. of the equivalent constant 
strip derivatives (see equations (22) to (27)). 

The overall derivatives for the delta wk@ have also been compared with 
the -espOnaing values given by very low aspect ratio theory. The ratios of 
the values from the two theories are given in Tables 52 to 56. The derivatives 
[e;3,,~ [-mzlrs were not oompared because their very low aspect ratio theory 

form osnsists only of the virtual inertia contribution, which is proportional 
to vm. The other two stiffness derivatives, as given by very low aspeot 

ratio theory, only d5ffer from two damping rlerivatives 
( ['airs from &,lrs 

d [-malrs from E-mklrs > 
. 

in the virtual inertia contribution. It has 

therefore been considered sufficient to 
the stiffness derivatives, i.e. [-mcllrs 

perform the comparison for only one of 
in addition to the comparison for the 

damping derivatives. 

* &. has also been obtained. for vm = 0.53. 

- 12 - 



The matrices (w -I)' fr om wh1c.h the generalised force for any mode* can 
be obtained by using equation (344) are given in Tables 1 to 3 for each of 
the three planform. The generalised force for any such mode can alterna- 
tively be obtained, as is shown earlier, from the derivative for the modes 
Idn by zcpressing this new mode as a linear combination of such modes. 

4 Conclusiong 

v = E:r 
ison of the present results, for the wing of aspcct ratio 3 at 
with those of reference 2 shows very close agreement except for 

e; ana em&. es is small in any case and of no importance. The two deri- 

vatives dh, rn; tend. to infinity as the frequency approaches zero when the 

method of reference 1 (and hence of reference 2) is used. Thus some Zffer- 
ence in the values of these two derivatives is more to be expected than for 
the others. 
1 c$. 

The ditference in the 4; is in no case greater then about 
It is suggested that, for this wing, the derivatives for any inter- 

mediate value of the frequency parsmeter should be obtained by interpolation 
between the values given m this report for 
in reference 2 for ym = 0.8. 

vm = 0.26, 0.4 and those given 

The cmparison of the values of the derivatives for the cropped delta 
wings with those given by very low aspect ratio theory does not indicate my 
simple rule for finding the effect of aspect ratio variation. Hcmever, the 
Tables 52 to 56 shoulrl be of use when interpolating for the derivatives for 
wings of other aspect ratios. 

& 

1 

2 

3 

Author 

D.E. Lebrian 

D.L. Woodcock 

D.E. Lebrian 

Title, etc. 

Aerodynmic coefficients for an oscillating delta 
. 

R"?M 2841. Jlib, 1951. 

Aerodynsmic derzvatives for a delta wing oscillatmg 
in elastic modes. 
C.P. No. 170. Jti 1952. 

Calculaticn of flutter derivatives for wings of 
general planfonn. 
R ;. X. 2961. January 1954. 

.- -. ..= . . :+ 
l A finer-l.att&e.a$ a gr5at.emr:nwnber of collocation points would howevsr 

be necesswydtq-ensure accu&- for mdes containing more than two nodes 
111 flexure or two nodes in torsion. 
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values or rG 
-1 t 

1 -" 

l , 

Collocation Palms q 3 0.2, 0.6, 0.8; 8 -"/2. ms-'(-2/3) 

(i) YQ = 0.2: 

(- 0.0225392 
' 

+ 0.002w296 f  O.azg~ +0.004148641 0.006c39c9 - 0.0002764g f  0.316227 + 0.0430338 1 0.0122139 -O.M?97499 i O.ol85&35 -0.03129445 l- 

r 
0.0556895 

i %0596166 

- 0.Oa10~171 I "a~106~ - 0.0221190 1 0.os10248 +o.C074054o 1 -0.822098 -Q226353! o.959791 + 0.1060-@ 1 -Jx37w - 0.01481525 f  
""1 

m 1 -Qox%412 1 0.05627q +o.o2oB37 f  -0.0226268 -0.0955259 1 0.704850 + 0.214333 1 -1.433203 -O.l858V2 i 0.764327 

+ 1 

= 

1.363852 - O.CO7Ol344 1 ddX3VSgV4 -0.OlZE5 ! O.cel6108 - O.OCO352CV f  -1.275028 - 0.128V77 1 -0.0338126 + O.W61&?iO I -0.C4266ce O.Wl6V168 1 
-5.267813 -0.x6VOQc41 54wi38 + 0.05m269 f  -1.338292 - 0.02Jom 1 4.904290 + 0.54518 1 4.42.27~ - 0,3169* 1 0.917631 +O.c4454zTl 

5.03O480 + O.Ole4339 1 -825V517 - O.O4V2145 I. JV43225 + o.w503ea 1 -4.713cm - 0.515066 1 7.154355 + 0.500237 1 -3.265256 - aG53m1 I - 0.150782 1 

L (ii) vm=0.4 

s f  i O.OZW93 +0.003378161 o.cqyzyo * 0.w64046 1 O.CO.563982 - Q.CWl7732 1 0.303503 + 0.0669137 i O.MO5118 - 0.00322826 1 0.0176538 - 0.00134805 1 
0.0557764 - O.n‘1117@ 1 -&q&%7 - 0.0326391 1 0.0600125 + 0.01123W 1 -0.79514O - 0.333619 f  O.V78i&3 * 0.1592q 1 -0.233443 - o.o2i7409 i 

twlI)' *.E@3383 - - o.commt3 1 odJ53m9 - + o.03033350 1 -0.0214645 - - o&n43413 1 0.6765805 - + 0.316415 1 -1.415863 - 0.277994! o.761237 = 
1.364593 0.0108526 1 -0.OW3671 0.0165138 1 o.mvl43 0.wo70523 I -1.266267 0.195948 1 -LO341315 + O.ooR24058 1 -MM21154 

- b o.oeeo623 1 
0.@2%%?2 I 

-52S6t31 -O.o3@12O7i 5.4S5260 + 0.07500361 -1.3377698 - o.0337165 1 4.868CO4 + 0.77$146 1 -4.41139 - 0.470525 f  0.915216 + o.osa5337 1 
5003o3= + 0.0263355 1 -8.256053 - 0"0744;q91 1 3.941939 + 0.0367265 I 4.6775Oi - 0.780397 I 7.133722 + o.745549 i -3.261;U -0.22797 I 

. . 
Wl)v, = 0.53 

0.0201498 + O&O486362 f  O.cT-354~ + 0.0086859 1 O&Q521455 + O.OOOJoS85'3 1 O-28-,322 + O.OV1~28 i 0.co88~19-~0~~ 1 0.01667&j - O.CUl23406 1 

(ii-y 
0.0560939 - O.WW 1 -9.0745570 - 0.0426276 I 0.0587255 +0.M5%78 1 -0.756270 - 0.435238 1 6.962621 + 0.212026 1 -0.23279 - o.wL4721 1 

+ P - 0.0121~0 i 0.0496198 + O.OW491 1 -0.0’99258 - O.OlVQ396 i 0.636794 0.413534 1 -1.392067 - 01368843 1 0.756825 + 0.1063756 1 
-0.ol466q 1 -O&77573 -0.02473371 osm7913 - 0.0010/614 I -1.254196 - 0.?61960 i -0.0350%4 + 0.0'00720 1 d&414913 - r.bm406943 f  
- 0.0110183 1 5.4%72 + 0.101593s 1 -1.336m - 0.0443544 1 e 8192JA + 1.031787 i -4.394265 - 0.623371 1 oc911fm +o.oJ24azz 1 
+ 0.0345561 1 -8.251332 - O.QS92454 f  3.940146 + O.O485OlO 1 -4.62@%4 - l&4119 1 7.104543 + 0.990879 1 -3.255041 - O.Jo4683 1 

.  .  n. .  .  



-4 t 
values or (W ) . collocation p0mt.s 71 = 0.2, 0.6, 0.8; 9 - =/z, cos”(-2/3) 

. 
(1) Vm'0.3 

-0.~37570 - o.a%33154 i 0.02im2 + o.co564YcY 1 O&Z31512 + 0.00563599 f  0.424736 + 0.105432 1 0.0574129 + O&l43236 1 orm6Y75 +odxM2681 
o-175267 + 0.046m66 1 -0.2585s -0.0564630 I O.llm4 + oJx608m 1 -o.yo6357 - 0.367034 1 1.194-n + 0.153145 1 -0.236256 - 0.0101657 I 

G-l)’ ” -Q.l46zi7 - 0.05097Y 1 0.m + 0.0731221 1 -O.E66775 -O&24591 1 0.75751y + 0.342353 I -1.95324 - OaY5Y3 1 0.99271 + cd3393c4 I 
2.202742 + 0.0176058 1 0.162477 - 0.019556 i -o.Olol628 - 0.0125134 1 -2.124794 - 0.27G2u2 1 =-xm3% - 0.0211572 1 .Ch136LX6 -0.~247yo1 

-7.5y6654 - 0.122262 I 7.Cyl582 + O.lYtWl ! -1.2408Q -0.024~Oi 7.112414 + 0.965650 I. -5327479 - 0.452644 i 0.555150 l O.W8% 1 

/ 7.146552 + 0.143942 i -11.760649 - O.ZWO86 i 5.461866 + 0.067178E i -6.500334 - 0.994395 I 9.976231 + 0.838954 1 -@mm - 0.242145 1 

0 
(iI) v_ - 0.6 

I -_ 

iz -0.oM6850 - 0.0119869 1 0.ole8366 +0.01996 i o.cr20339 + 0.0111~ i 0.371728 + 0.203579 I 0.0506648 + OdE94Sn 1 0.0195173 + 0.00325278 1 , O.l5Y323 + oXfBlO33 ! -0.240323 - 0.109755 1 0.114650 + 0.01~0' 1 -0.75149 - 0.737274 ? 1.135253 + 
,rj-1,' 

0.304156 1 -0.237348 - 0.01912j9 i 
,-a.127313 O.ogSP~ 

i 
- _ I 0.2EQ23 .0.142461 i -0.163464 - OJXY1214 1 O&Y9416 + 0.65SY 1 -1.6247EO - O.WJ346 1 0&8129 + 0.1663CI 1 I 

\” I - 1 2.197766 + 0.034,180 1 0.167682 - 0.033mo I -0.0'%23626 - O.U256356 1 -2&%404 - 0.541486 1 -O.30;92 -0.0464523 i -0.132800 - 0.015-&q 1 
7.w621 +o.j044991 "L239385 - 0.046530 I 6.927449 . 1.942945 1 -5.2’%5?1 - 0.893853 f  0.545952 + 0.0627703 I 

-11.72320 - 0.4i3313 f  5452463 + 0.133172 I -6.344356 - 1.994478 1 9.856868 + 1.670265 I -3.977ZO - 0.48y319 i 

. , 
.  Y 

.  .  .  .  .> 



Y . . 

@-NMWd v7iW. aSDecC ratlo 1.32. twer ratio 7/18. q"a'Cer chord mep 63.4' 

-if 
values or $A. CollocaClon ~olnts -r, i 0.2, 0.6, 0.8; 8= 7E/2. ccsl t-2/31 

(I) Ym = 0.303 

.  . I  

j -O.C05~7635 - OJX'lO5285 i 0.064i-W + O.oll~~~R6 I 

(ii"',' 5 1 -0.qq5447 0.0-/58004 -0.ol843o31 +0.01505611 -0.370173 0.321429 -OX%868471 + aop9ce8 1 
1.631941 + O.C0285YO3 I -~&x418 -0.0295115 I 

I -6.254524 - o.op8466 1 7.263'/00 + 0.2¶8052 1 
GA I L6046Y4Y9 + 0.05cqqJo I -11.67341 - 0.264063 1 

r 

(Ii) ym = o&c6 

-o.c0511643 - o.w227317 ! 0.0593Y30 + 0.0226114 1 
o.o4wg42 + o.cea148 1 

(a-') 
-UC9186 - o.lE2542 1 

P 0.0151776 - O.0114117 1 0.192866 l 0.147824 I 
1.630524 +o.c05622cQ 1 -0.044y570 -0.05876Yo f  

- o.omon ! 7.142380 +0.4cQ283 1 
+ 0.0357613 I -11.196362 -0.42my1 

0.0196759 l O&o346636 ! 0.3671% +0.064%X96 1 
o.306929 l 0.0425353 1 -0.nw33 - 0.279312 1 

-0.365825 - 0.07wJ35 1 WGW57 + 0.245031 1 
-o&495464 -0.0454546! -1.s3ms - 0.169610 i 
-l.snses " 0.112978 1 6.163523 + 0.654616 1 

6.6771% + 0.18Ml 1 42z92P - 0.739179 ! 

0.0179728 + O.@J7Lg472 I 
0.286341 +o.w314Y711 

KJ.322894 - 0.128e95 1 
4MMy42q " 0.0151182 i 
-1.w575 - 0.216303 1 

6.537915 +0.3360061 

0.3563@ 
-Q. 661654 
WW76 

"1.562660 
5.984494 

CL775126 

+ 0.132832 1 
- 0.524c97 1 
+ o.433e33 1 
- 0.340317 i 
+I.2757601 
- 1.321041 i 

O.OWOl259 + O.Wlll327 1 O.CC565135 - O.oCl63xB I 
1.319743 + 0.208015 1 -0.402lO2 - 0.0443036 1 1 

-- -1.746032 - 0.334416 i 1.106342 + 0.15O443 ! 

-4.188810 +O.OEE7518 1 -U.o0990675- O&CO15435 f  
ek.325111 - 0.535030 1 0.590078 + O.lOY708 f  
9.951615 +O.@36482i 3b837179 - 0.38!%26 1 

J 

- O&f351211 1 
-l&Y814 - 0.623117 1 1.062574 + 0.2go882 1 
-0.193469 +0.003698771 .Qo.o(RO8582-O.oOoo4o861 __ . _ _ 
-5.186276 - 1.03691 1 O.Y.FJ7-R + 0.213151 1 

9.124875 + 1.653894 1 4731732 - 0.746506 1 

. . . . . . 



Crooped delta wb. aspect ratio 3, taper ratio '/7 

Values of (8,) 

(i) ’ vm = 0.26 

r -0.01688 -0.007684 -0.003288 -0.001816 -0.001310 

-0.003129 -0.003272 -0.003475 -0.003546 

u$ = -0.001024 -0.002560 -0.003336 -0.003675 

0.000225 -0.001932 -0.003003 -0.003504 

0.0010~ -0.001435 -0.002688 -0.003294 I 

(ii) vm = 0.4 

~0.04775 -0.02489 -0.01351 -0.009325 

-0.01718 -0.01217 -0.01102 -0.01075 

(CJ = -0.003217 -0.006464 -0.008537 -0.009 6&o 

! 0.003864 0.007686 -0.0008700 -0.003089 -0.005244 -0.006656 -0.007526 -0.008!+90 

- 17 - 



Cropped delta m, 'aspect ratio 3, taper rat10 ‘/7 

Values of (en) 

(i) ’ vm = 0.26 

(q = 

L 

1.501 1.628 1.639 

1.676 1.448 1.378 

1.764 I.403 1.292 

1.806 1.379 1.244 

1.822 1.358 1.210 

(ii) vm = n.4 

@,I = 

7.473 

1.639 

1.722 

1.761 

L I.775 

I.590 1.611 

1.424 1.359 

1.381 1.276 

1.358 1.230 

1.338 1.197 

- 18 - 

2.647 1.613~ 

1.344 1.291 

1.232 j.467 

1.169 1.095 

1.126 ‘.wt_ 

1.619 1.5sa 

1.326 1.275 

1.219 1.154 

1.158 I.084 

1.115 1.036~ 



TABIE 6 

Cropped delta wiw, aspect ratlo 3, taper rata 

Values of (q,) 

(i) vm = 0.2; 

(-m,) = 

%.008716 -0.008535 -0.007933 -0.007628 -0.0072pj 

-0.008272 -0.005692 -o.o046oL+ -0.004093 -0,003718 

-0.007832 -0.004617 -0.003451 -0.002926 -0.002573 

-0.007420 -0.003994 -0.002837 -0.002331 -0.002008 

+.007045 -0.003565 -0.002445 -0.001966 -0.001670~ 

(a vm = 0.4 

(-g = 

~0.01760 -0.01706 -0.01574 -0.Ol508 -O.Oll&.o -7 

-0.01642 -0.01126 -0.009097 -0.008092 -0.007357 

-0.01543 -0.00p102 -0.006819 -0.005799 -0.005115 

-0.01459 -0.007867 -0.005614 -0.004635 -0.004011 

,0.01385 -0.007025 -o.Ow%3 -0.003p21 -0.003350~ 

- 19 - 



Cropped delta wing, aspect ratio 3. taper ratio 1, 

Values of (-m,) 

(i) vm = 0.22 

T-o.3460 -0.3862 -0.3769 -0.3756 

-0.4029 -0.3589 -0.3430 -0.3366 

(-ma) = -0.4415 -0.3628 -0.3370 -0.3240 

-0.4633 -0,36eq -0.3351 -0.3172 

L -0.4&l -0.3721 -0.3338 -0.3123 

(ii) vm = 9.4 

-a:3435 -0.3807 -0.3687 -0.3656 

-0.3977 -0.3538 -0.3378 -0.3313 

(-ma) = -0.4344 -0a3576 -0.3325 -0.3198 

-0.4590 -0.3631 -0.3311 -0.3137 

L-o.4749 -0.3668 -0.3300 -0.3092 

- 20 - 



Cropped delta wi.q* aspect ratio 3, taper ratio 1, 

Ve.lues of (q 

(i) vm = 0.22 
* 

'-;.490 1.619 

1.665 I.I.J& 

(4,) = 1.752 1.397 

I.794 1.373 

,_1.810 I.352 

(ii) vm = 0.4 

1.452 1.581 

1.618 1.410 

(8;) EI 1 1.701 1.368 
I 

I.345 

I.325 

. 
(iii) vm = 0.53 

1.543 

I.378 (e-,, = I.339 
1.317 

1.631 I.640 

I.373 I.340 

1.288 1.229 

I.240 1.167 

1.206 1.123 

I .596 1.606 

I.349 1.318 

1.267 1.212 

1.222 1.152 

I.189 1.110 

1.560 

1.324 

1.247 

1.204 

1.571 

1.297 

I.195 

I.138 

I.097 il.694 1.299 1.172 

1.608- 

1.288 

1.164 

I 

I.093 

I.043 

1.575 

1.268 

1.150 

I 

1.080 

1.032 

- 21 - 



!wE-2 - 

Cropped delta w!n&, aspect ratio 3, taper ratio 1 /Z 

Values of (Q 

(i) ’ vm = 0.26 

@,I = 

-0.6072 0.6036 0.5348 0.5192 ,0.5225. 

0.5962 0.5188 0.52&o 0.5641 0.5994 

0.5433 0.4789 0.5155 0.5734 0.6173 

0.4807 0.4425 0.5041 0.5749 0.6245 

-0.4205 0.4056 0.4901 0.5736 0.6286. 

(ii) vm = 0.4 

I- 

@&) = 

a.6478 0.6618 

0.6585 0.5753 

0.6251 0.539 

pc$ 0.5064 

0.6055 

0.5794 

0.5674 

0.5550 

s.5327 0.4730 0.5409 

0.6002 0.61ocii 

0.6198 0.6543 

0.6213 0.6620 

0.6194 0.6641 

0.6160 0.6644, 

- 22 - 



TABm 10 

Cropped delta wing, nspeoi ratio 3, taper ratio I /r 

Values of (+I$ 

(i) l vm = 0.26 

-0.3814 -0.3731 -0.3723 

-0.3556 3.3405 -0.3345 

(-m2) = -0.3599 -0.3350 -0.3223 

-0.3659 -0.3334 -0.3158 

-0.3698 -0.3323 -0.3111 

(ii) vm = oe4 

-0.3706 -0.3608 -0.3587 -0.3535 

-0. Yt@ -0.3326 -0.3268 -0.3163 

(-in& = -0.3518 -0.3284 -0.3164 -0.3023 

-0.3579 -0.3276 -0.3108 4.2938 

-0.3621 -0.3268 -0.3067 -0.2873J 

- 23 - 



TABLE 11 

Cropped delta wing. aspect mtio 3, taper ratio 1, 

Values of (-m,) 

(Q l vn = 0.26 

(ii) vm = 0.4 

r 0.1383 
I 

I 
0.1676 (-m&j = 0.1941 

0.2200 

0.2455 

a,2078 0.2545 0.3082 

0.1811 0.1980 0.2226 

0.1805 0.1829 0.1957 

0.184-O 0.1763 0.1826 

0.1876 0.1723 0.1743 

0.1967 0.2380 0.2860 

0.1694 0.1847 0.2075 

0.1676 0.1703 0.1829 

0.$698 0.16&o 0.1709 

0.1723 0.1600 0.1638 

0.3587 

0.2444 

0.2072 

0.1891 

0.1785 I 
0.3314 

0.2277 

0.1941 I 0.1779 

0.i684 

- 24- 



Ta 12 

Cropped delta wing. espect ratio 4.3 taper ratio '/I 

Values of (4,) 

(i) ’ vm = 0.3 

'--0.03550 

-0.02223 

(8J = -0.01541 

G:::8 

(ii) l ym = 0.6 

r-0.146? 

-0.09320 

(Q = -0.06585 

-0.02319 -0.01612 -0.01277 

-0.oq416 -0.01118 -0.009750 

-0.01032 -0.008756 -0.cxl8OO8 

-0.008062 -0.007237 to.006856 

-C.O06556 -0.006178 -0.co6030 

-0.09629 -0.06754 -0.05382 

-0.0594o -0.04681 -0.04074 

-0.04370 -0.03676 -0.03340 

-0.03446 -0.03046 -0.02858 

-0.02827 -0.02608 -0.02514 

-0.01068 - ’ 
-0.008700 

-0.007365 

-0.006441 I -0.~5763 

-0.04520 

-0.03627 

-0.03057 

-0.02668 

-0.02385 

- 25 - 



TABLE 13 

Cropped delta wmg, aspect ratio 1.2. taper ratio 1 /7 

VaJxes of (Ca) 

(0 ’ vm = 0.3 

0.8107 

0.9136 (Q = 0.9667 
0.9931 

1.004 

. 
(ii) vm = 0.6 

,-. 

(.ea) = 

-0.8075 ago16 0.9251 0.9377 

0.8950 0.7744 0.7366 0.7165 

0.9403 0.7391 0.6735 0.6374 

o. 9620 0.7202 0.6394 0.5941 

0.9698 0.7054 0.6161 0.5650 

0. go20 0.9246 0.9380 

0.7818 0.7403 0.7198 

0.74% 0.678-I 0.6412 

0.7300 0.6440 0.5979 

0.7154 0.6206 0.5688 

0.9242] 

0.6906 

0.6038 

0.5553 

0.5228 1 

- 26 - 



14 TAaLE 

Crqppecl ilelta wing, mpect rAti 1.2, taper ratio I /7 

(i) ’ vm = 0.3 

--o.cO4802 

-o.c041LfJ+ 

-0.033815 

-0.0~3627 

-0.003503 - 

. 
(ii) v,,, = 0.6 

(-q = 

-0.01937 

-0.01590 

-0.01416 

-0.01320 

=0.01262 

Values of (-mz) 

-0.005200 -0.005453 -0.005793 -0.005984 

-0.003042 -0.002753 -0.002732 -0.002718 

-0.002305 -0.001906 -0.001813 -0.001762 

-0.ooi923 -0.00149p -0.001380 -0.001321 

-0.001683 -0.001241 -0.001127 -0.oo1069 

-0.02091 

-0.01169 

-0.008560 

-0.006975 

-0.02186 -0.02316 -0.02388 

-0.01060 -0.01054 -0.01051 

-0.007125 -0.oQ6830 -0.006674 

-0.005451 -0.005104 -0.004931 

-0.004464 -0.004118 -0.003953 

- 27 - 



Cropped Selta wing. aspect rat10 1.2, taper ratio 1 /7 

Values of (-mm) 

(i) * Ym = 003 

l- -0.1620 

-0.2050 

-0.2392 

-0.2657 

-0.2859 

(-ma) = 

. 
(ii) Ym = 0.6 

(-q = 

-0.1731 

-0.2121 

-0.1630 -0.1352 -0.1119 -o.oyo6l# 

-0.1736 -0.1576 a.1479 -0.1375 

-0.1886 -0.1697 -0.1595 -0.1495 

-0.2006 -0.1774 -0.1650 -0.1538 

-0.2096 -0.1826 -0. I 679 -0.1552. 

-0.1716 -0.1403 -0.1154 -0.09352 

-0.1772 -0.1595 -0.1493 -0.1388 1 
-0.2435 

1 
-0.1902 -0.1704 -0.1600 -0.1502 

-0.2681 3.2010 -0.1774 -0.1651 -0.1541 

,0.2869 -0.2091 -0.1820 -0.1677 -0.1553 

- 28 - 



TABI 16 

Cropped delta wing, aspeot ratio 1.2, taper ratio 1 /Z 

Values of (8,) 

(i) l vm = 0.3 

-0.8055 

o.g100 

(%) = 0.9637 

0.9905 

.-I .co17 

(ii) vm = 0.; 

-0.7880 

0.8827 

(+I = 0.9309 

0.9541 

i 0.9628 

- 0.8966 0.9197 0.9334 0.9201 

0.7787 0.7377 0.7176 0.6888 

0.7460 0.6762 0.6398 0.6027 

0.7279 0.6425 0.5968 0.5545 

0.7134 0.6191 0.5678 0.5221 _ 

0.8814 0.9064. 0.9205 0. go72 

0.7635 0.7271 0.708l.L 0.6802 

0.7309 0.6667 0.6321 0.5958 

0.7131 0.6338 0.5900 0.5486 

0.6988 0.6111 0.5617 0.5168. 

- 29 ” 



TABLE 11 

Cropped a?Lti lving, aspect ratio 1.2, taper ratio I 
- /z 

Values of (8.J 

l 

(0 
. 

vm = 0*3 

in.5175 0.5799 

0.6206 0.5354 

(a,) = i 0.6866 0.5314 

0.7317 0.5325 

L 0.7637 0.5314 

(ii) vm z 0.2 

/-oi5190 0.5863 O-5885 0.6079 

0.5400 0.5285 0.5457 

0.5391 0.5149 0.5250 

0.5413 Or5093 0.5148 

0.5410 0.5051 0.5084 

, 

0.6217 

(LQ s 0.6877 

0.5777 0.5940 0.6066 

0.5187 0.5348 0.5472 

0.5049 0.5147 0.5224 

0.4989 0.5047 0.5087 

0.4941 0.4993 0.4998 

- 30 - 



TABLE 18 -- 

4 Cropped delta wing, aspect ratio 1.2. taper ratio 1 

Values of (-Q) 

(i) vm = 0.; 

%.I576 

-0.2011 

G-g = 

1 

-0.2356 

-0.2m 

-0.2824 

(ii) vm = 0.2 

(-g = 

. . 

/ 

--0.1556 -0.1547 -0.1262 -0.1023 

-0.1969 -0.1670 -0.1515 -0.1420 

-0.2296 -0.1823 -0.1646 -0.1549 

-0.2548 -0.1944 -0.1728 -0.1610 

--0.2739 -0.2033 -0.1782 -0.1643 

-0.1588 -0.1317 -0.1087 

-0.1710 -0.1555 -0.1460 

~.I865 -0.1682 -0.1581 

-0.1989 -0.1762 -0.1639 

-0.2080 -0.1815 -0.1670 

- 31 - 



cropped delta wing, aspect ratio 1.2, taper ratio I, 

Values d (-mh) 

(i) vm = 0.; 

r 0.09106 0.1370 0.1786 0.2291 0.2797- 

0. WV@4 0.1034 0.1202 0.1445 0.1663 

0.1030 o.w57 0.1006 0.1170 0. I 329 

0.1058 o.o8l+15 0.08966 0.1030 0.1156 

-0.1087 0.07805 0.08193 0.09420 0.1054- 

(ii) vm = 0.; 

(-m$ = 

-0.09171 0.1383 0.1803 0.2310 

0.09887 0.1031 0.1197 0.1436 

0.1018 0.09027 0.09906 0.1153 

0.1036 0.08213 0.08757 0.1008 

-0.1057 0.07547 oeo7941 0.09171 

0.281j. 

0.1670 

0.1309 

0.1133 

0.1030* 

1 
i 1 

- 32 - 



!PABLE 20 

Arrowhead wing. aspezt ratio 1.32. taper ratio 7/18, 
quarter chord sweep 63.q" 

Values of (8,) 

(i) vm = 0.303 

- a.01875 -0.01535 -o.Olj@ -0.01202 

-o.Oly+2 -0.01227 -0.01143 -0.01053 

(Q = -0.orO96 -0.01054 -0.01005 -0.009386 

-0.009387 -0.009350 -0.009059 -0.008532 

-0.008265 -0.OOi3464 -0.008305 -0.007868 _ 

(ii) vm = 0.606 

-0.07912 -0.06469 -0.05665 -0.05035 

-0.05706 -0.05155 -0.04762 -0.04363 

(e;) = -O.OI+689 a.04433 -0.04183 -0.03879 

-0.04041 -0.03940 -0.03770 -0.03522 

--0.03563 -0.03577 -0.03574 -0.03458 -0.03247 

- 33 - 



TABLF 21 

An-owhead wing, aspect ratio 1.32, taper ratio 7/18, 
quarter chord sweep 63.4" 

Values of (4 ) 

(i) m Y zo.303 

-0.8271 

0.8430 

(da) a 0.8267 

0.8005 

0.7720 

(ii) urn = 0.606 

-0.8133 

0.8222 

(ea) = 0.8031 

0.7757 

0.7467 ._. 

0.7985 0.7383 

0.6569 0.5794 

O-5981 0.5135 

0.55% 0.4723 

0.5280 0.4422 

0.7888 0.7320 0.6894 o&o6' 

0.6457 0.5728 0.5286 0.4861 

0.5865 0.5069 0.4607 0.4196 

0.5471 0.4659 0.4192 0.3789 

0.5164 0.4359 0.3896 0.3501-J 

0.6935 

0.5328 

0.4648 

0.4230 

0.3933 

0.6437 

0.4888 

0.4220 

o.y312 

0.3523 

-34- 



TABI 22 

Arrowhead spina, aspect.ratio l.32,6ts.uer ratio '/la, 
quarter chord. sweep* 

Values of (-ms) 

(i) vm = 0.303 

-0.003389 -0.003105 -0.002999 -0.002889 7 

-0.001 yyl+ -0.001380 -0.001260 "0.00124.0 

(im,) = -0.001725 -0.001211 -0.001067 

-0.001240 -0.0008435 -0.000-749~ -0.0007090 

-0.001332 -0.0008045 -0.0006730 -0.0009967 1 -0.OCO6208 

(si) vm z 0.606 

- . 
-0.0-l 377 -0.01282 -0.01196 -0.01163 

-0.01&21 -0.007190 -0.005162 -0.004m7 

(-m,) = -0.01192 -0.006082 -0.004502 -0.00&~69 

-0.008849 -0.004140 -0.003057 -0.002827 

L -0.01140 -0.004538 -0.002y35 -0.002554 

- 35 - 



23 TAE3LE 

Armvhead wing. aspect ratio 1.32. taper ratio 7/18, 
guarter chord sweep 63.k" 

Values of (-mm) 

(i) vm = 0.303 

--algo -0.1778 -0.1527 -0.1372 -0.1242 

-0.2220 

I -0.2452 

-0.1755 -0.1561 -0.1456 -0.1355 

(-q = -0.1823 -0.j578 4.1433 -0.1304 

-0.2567 -0.1857 -0.1587 -0.1426 -0.1287 

-0.2552 -0.1800 -0.~524 -0.1362 -0.1225 

(ii) vm = 0.606 

-0. I 936 -0.1795 -0.1531 -0.1367 -0.1232- 

-0.2239 

I -0.2450 

-0.1761 -0.1560 -o.ll&fl -0.lj48 

(-ma) p 4.1826 -0.1581 -0.14% 

-0.2545 -0.1854 -0.1588 -0.1426 -0.1285 

p-O.2542 -0.1801 4.1526 -0.1363 -0.1303 I -0.1224 

- 36 - 



Arrowhead wing. aspect ratio 1.32. taper ratio 7/18, 
quarter chord sweep 63.4" 

Values of (db) 

(i) urn = 0.303 

--0.8239 

0.8402 

(4,) = 0.8239 

/ o-7977 
I 

L 0.7692 

(fi) vm = 0.606 

I 

O.Sou, 

0.8129 

(%I = 

0.7957 0.7359 0.6913 O&8- 

0.6553 0.5783 0.5318 0.4879 

0.5968 0.5127 0.4641 0.4215 

0.5577 0.4717 0.4226 0.3sO8 

0.5270 0.4417 0.3929 0.3520- 

0.7790 0.7233 0.6810 0.6332- 

0.6403 0.5687 0.5250 0.4827 

0.5825 0.5044 0.4587 0.4177 

0.5438 O.l&l 0.4179 0.3778 

0.5135 0.4s 0.3887 0.3494. 
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Arrowhed wing, aspect ratio 1.32, taper ratio 7/18, 
quarter chord sweep 63.4O 

\ 

Values of (4%) 

(i) Ym = 0.303 

6.4968 0.4834 0.4460 0.4217 0.3974 

0.5196 0.4334 0.4030 0.3875 0.3685 

0.5147 0.4108 0.3810 0.3655 0.3470 

0.5010 0.3930 0.3641 0.3485 0.3299 

9.41349 0.3768 0.3496 0.3344 0.3158 

(ii) vm = 0.606 

-0.5021 0.4991 0.4590 0.4345 0.4089 

0.5254 0.4447 0.4150 0.3982 0.3773 

0.5199 0.4230 0.3933 0.3757 o-3548 

0.5048 o.w59 0.3767 0.3585 0.3374 

JJ.4872 0.3902 0.3623 o-3442 0.3230 

- 
I 
-1 
I 



TABIE 26 

Arrowhead wing. aspect ratio 1.32. taper ratio 7/l 8, 
quarter chord sweep 63.4O 

Values of (-I$ 

(i) Ym = 0.303 

--0.18&l 

-0.2193 

(-m.$ = 

I 

-0.2427 

-0.2545 

-0.2517 

(ii) vm = 0.606 

---0.18& -0.1711 -0.1465 

-0.2138 -0.1705 -0.1520 

(-m,) = -0.2362 -0.1778 -0.1544 

-0.2473 -0.1815 -0.1557 

-0.2459 -0.1763 -0.1498 

-0.1757 -0.1511 

-0.1741 -0.1551 

-0.1810 -0.1569 

4.1846 -0.1579 

-0.1790 -0.1518 

-0.1358 -0.1229- 

-0.7447 -0.134.6 

-0.1425 -0.1297 

-0.1419 -0.1280 

a.1356 -0.1219 

-0.1310 -0.1179- 

-0.1415 -0.1313 

-0.1w -0.1272 

-0.1397 -0.1258 

-0.1337 -0.1199 

, 
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TABLE 2z 

Arrowhead wbg, aspect ratio 1.32. taper ratio 7ha, 
guarter chord sweep 63.&O 

c 

i 

(2) vm = 0.303 

-0.07849 

0.05297 

(-mix) - L 0.07889 

0.05453 

0.08237 

(ii) vm = 0.606 

j-o.07669 

i 

0.04780 

(-ml,) = 0.07055 

0.04365 

0.06yjo 

Values of (a.) 
A. 

0.05906 0.114.8 0.1262 

0.06823 0.06671 0.0734.9 

0.06307 o.o6l& 0.06913 

0.04698 0.05200 0.05780 

0.05154 0.05050 0.05436 

0.1325 

0.07991 

0.07205 

0.06104 

0.05672 I 

0.05873 0.1150 0.1265 0.1324 

0.06713 0.06724 0.07419 0.08029 

0.06153 0.06434 0.06971 0.07236 

0.04523 0.05m 0.05844 0.061~,.0 

0.04970 0.05113 0.05515 0.0.5718 

-4.o- 



Cropped delta wiw. aspect ratio 3. taper ratio 1, 1 

Values of [a,] 

(i) ’ urn = 0.26 

-0.016877 -0.003842 -0.001096 -0.000454 -0.000262- 

-0.001863 -0.001043 -0.000818 -0.000695 -0.000591 

EQ = I 0.0007115 -0.000256 -0.000512 -0.cn0556 -0.000525 

L 0.001251 0.001295 0. 0.000174 cm045 -0.oQo322 -0.coo205 -0.0G0Lt2y -0.000336 -0.coO366 -0.m0438 

(ii) urn = 0.4 

-0.01245 -0.0045@4 -0.002331 -0.001502 l 

-0.00~56 -0.002755 -0.002150 -0.001736 

NJ = -0.001616 -0.001707 -0.001607 ’ -0.ooo6178 -0.0011 oy -0.001213 

-0.0001450 -0.0007491 -0.0009408 -0.001428 1 -0.001157 

-0. ~09499 
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Cropped delta wzing. aspect ratio‘j, taper ratio 1, 7 

(i) vm = 0.22 

Values of [GJ 

0.6106 0.3415 0.2264 0.1613 

0.3016 0.1895 0.13.44 0.09989 

0.1929 0.1292 0.09537 0.07291 

0.1379 0.09628 0.07309 0.057ol 

0.2051 0.07562 0.05363 0.04642 

(a vm = 0.4 

-.1.473 

i 0.6148 

[ba] = 0.3588 

/ 0.2lg2 

0.5961 0.3357 0.2226 0.1586 

0.2966 0.1869 0.1326 0.09865 

0.1899 0.1276 0.09432 0.07215 

0.1358 0.09519 0.07237 0.05648 

Lo.1775 CL?035 0.07482 0.058oy o.w3 ,I 

-42- 



Cropped delta wing, aspect ratio 3, taper ratio 1 /7 

Values of [-ms] 

. 

(i) urn E 0.2; 

[*J = 

--0.008716 -0.003201 -0.001653 ~,.~@49 

-0.003102 -0.Wl186 -0.~06330 -0.000@93 -0.0002877 

-0.oo-1632 -o.ooo6&3 -0.0003451 -0.0002264 -0.00016~~3 

-0.001020 -0.ooo3994 -0.0002195 -0.0001457 

~.0007045 -0.0002759 -0.OCOl528 -O.W0102l+ -O.o0007&2 

(ii) urn = 0.4 

- -0.006398 -0.003279 -0.002074 4.001l+lJl l 

-0.002347 -0.001251 -0.0008Oy2 -0.0005693 

b,I = -0.001252 -0.0006819 -0.0004487 

-0.0007867 -0.00043& -0.coo2897 -0.0002089 

-0.0005436 -0.0003027 -0.COo2042 -0.0003197 ! -0.oWl489 
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Cropped delta wing, aspect ratio 3. taper ratio 1, 

. 

i 

(i) 

--XL4108 

-0.1385 

b?J = 1 -0.06991 

-0.04235 

-0.02853 

. 
(ii) urn = 0.4 

!  

[*,I = 

L 

--o.l+080 -0.1309 -0.05836 -0.03313 -0.02120 - 

-0.1367 -0.05603 -0.03061 -0.01952 -0.m335 

-0.06878 -0.03241 -0*01959 -0.01333 -0.~9543 

-0.04159 -0.02140 -0.Olj80 -0.OQy804 -0.cQ7254 

-0.02799 -0.01529 -0.01031 -0.~7569 4,.04J5740- 

Values of [aa] 

-0.1327 

-0.05682 

-0.03287 

-0.02171 

-O;Ol550 
\ 

-0.05968 

-0.03108 

-0.01986 

-0.01396 

-0.01043 

- -0.03404 -0.02185 

-0.0198Jt -0.01357 

-0.01350 -0.009662 

-0.009911 -0.OQ7330 

-0.007645 -0.~5792- 



CrcpQed delta wing. aspect ratio 3, taper ratio l/7 

Values of [C,] 

(i) urn 3 0.2; 

li.490 

0.6% 

[et] = 0.3651 

' 0.2467 

! _0.1810 

(ii) urn= 0.4 

1.452 

j 0.6069 
I 

[$I = j 0.3543 

(iii) urn = 0.5; 

[&&I = 

0.6c70 0.3399 0.2255 

0.3001 0.1888 0.1340 

0.1920 0.1288 0.09511 

0.1373 0.09596 0.07291 

0.104.6 0.07537 0.05649 

0.5929 0.3325 0.2208 

0.2937 0.1855 0.1318 

0.1881 0.1267 0. oy381 

0.1345 0.09456 0.07201 

0.1026 0.07433 0.05782 

0.5786 0.3251 0.2160 

0.2871 0.1821 0.1297 

O.l@+l 0.1247 0.09251 

0.1317 0.093'4 0.07110 

0.1005 0.07320 0.05714 

- 45 - 

0.1575 - 

0.09815 

0.07185 

0.05627 

1 O&586- 

O.l5l+2 

0.09665 

0.07093 

0.05563 

J O-04538 

0.1608 
1 

0.09964 1 

0.07276 

0.05690 

0. ob6?4 I 



TABIE 33 

Cropped delta vnw. aspect ratio 3, taper ratio 
1, 

Values of [d&l 

(i) ’ urn = 0.26 

(ii) urn = 0.4 

0.7693 

0.2264 

b&l = 0.09898 

0.05248 

0.03139 

0.2075 0. o&&3 

0.08214 0.04749 

0. w4.0 0.03038 

0.02608 0.021co 

0.01690 o.Ol532 

0.2275 

0.oy-l og 

0. w384 

o.o2yt3+ 

o&l971 

0.04705 0.03079 

0.03324 0.02497 

0.02389 0.01929 

O.Of797 0.01529 

o.o-l404 0.01246 

0.09588 0.05439 

0.05251 0.03653 

0.03344 0.02589 

0.02312 0.01936 

O.oI690 0.01508 

-46- 



34 Y!ABm 

Cropped delta wing. aspeot ratio 3. taper ratio 1, 

Values of [-mS] 

(i) vm = 0.2: -o&W3 
-0.1368 

[-mEI = I -0.06913 

-0.1311 a.05908 -0.03374 -0.02167 

-0.05630 -0.03086 -0.01971 -0.01349 

-0.03262 -0.a974 -0.01343 

-0.04190 -0.02156 -0.01389 -0.009868 -0.007300 

L -0.02824 -0.01541 -0.010js -0.007615 -0.009616 ! -0.005771 

(ii) vm = 0.4 

-0.3950 

I -0.06718 

-0.1274 -0.05713 -0.03251 -0.02083 L 

-0.1332 -0.05493 -0.Orn4 -0.01926 -0.01318 

[--,I = -0.03188 -0.01935 -0.Ol318 

-0.04069 -0.021oy -0.01365 -0.009713 

-0.0094Jt7 1 

-0.007192 

=0.02740 -0.01509 -0.01021 a.007507 -0.005696 

- 47 - 



.z& !rABLE 

Cropped delta wing, aspect ratio 3, taper ratio 1, 

Values of [-m,] 

. 

. 
(i) vm = 0.26 

. 

. 

[=‘~I = 

(ii) vm = 0.4 

0.07564 0.03593 0.02164 

0.02556 0.01390 0. 0090& 

0.01267 0.007429 0.005096 

0.007476 0.004590 0.003281 

0.004885 0.003096 0.002290 

0.07162 0.03360 0.02008 0.01346 

0.02392 0.01297 0. ~843 O.OQ5929 

0.01177 0.006920 0.004762 0.0034&38 

0.006900 0.004270 o.OQ3071 0.002331 

0. oclL$+a8 0.002875 0.002146 0.001680 

0.006363 

0.003723 

O.OO2478 

0.001780 

-48- 



(i) 

[es 

36 TABLE 

Crop&. delta *. aspect ratio 1.2, taper ratio I/ 

Values of [&J 

%I = 0.; 

d.01159 -0.005372 -0.003191 -0.002137 

-0.004720 -0.002794 -0.001950 -0.001450 P -0.002580 -0.001751 -0.001335 -0.001052 

-0.001613 -0.001206 -0.~09794 -0.0008051 

~.oGlO93 -~.oooei325 -0.0007538 -0.0006403 

(ii) vm = 0.; 

rq = 

r --o.q46i -0.04814 -0.02251 40134.6 -0.00y04.1 . 

-0.04660 -0.01980 -0.01170 -0.008149 -0.006o45 

-0.02195 -0.01093 -0.007352 -0.005566 -0.004368 

-0.01247 a.006893 -0.005078 -0.004083 4.003335 

-0.007947 -0.004712 -0.003726 -0.003143 -0.002650 

- 49 - 



Cropped delta wing, aspect ratio 1.2. taper ratio 1, 2 

Values of [&_I 

(i) l vm = 0.3 

[eJ = 

(ii) vm = 0.2 

MaI * 

0.3383 0.1926 0.1290 0.09242 

0.1629 0.1018 0.071 pa 0.05344 

0.1029 0.06781 0.04962 0.03774 

0.07300 0.04984 0.03737 0.02892 

0.05536 0.03879 0.02962 0.02323 

0.3381 0.1927 

0.1613 0.1013 

0.1016 0.06735 

0.07202 w&P48 

LO.09698 0.05459 0.03850 0.1289 

0.07165 0.05316 

0.04933 0.03749 

0.037i3 

0.09228- I 

0.02872 

0.02943 0.02306 

- 50 - 



Cropped delta wing. aspect ratio 1.2, taper ratio 1 4 

values of [-IQ 

l , 

(i) urn = 0.3 

p.o0&802 "0.001950 -0.001136 -aOo07965 -0.0005984- 

-0.0006338 4.0003786 -0.ooO27j2 -0.0002103 

[-QJ = -0.0003170 -0.ooo1906 -0.0001403 -0.0001101 

-0.~01923 -0.0001153 -0.00008622 -0.GQOO6878 

-0.00m302 -0.00007754 -0.00005871 -0.00004751. 

(ii) vm = 0.L 

r-q = 

--0.01937 - -0.~7843 -0.004554 -0.003185 & 
-0.005964 -0.002435 -0.001458 -0. WI 0% -0.0008131 

-0.c02950 -0.001177 -0.0007125 -0.0005285 aOQO4171 

-0.001815 -0.0006975 -0.00042l8 -0.00031T0 

-0.001262 -0.0004646 -0.0002790 -0.0002145 

-0.002388 1 
-0.co0256a 

-0.0001757 

- 51 - 



cropped delta winp, aspect ratio 1.2, taper ratio I /y 

Values of [-ma] 

(iI vm n 0.; 

-0.05602 -0.02141 -0.01015 -0.00534l 

-0.02749 -0.Ol4.28 -0.008715 -0.~5730 

r-ma1 = -0.01709 -0.009998 -0.006644 

-0.01182 -0.007393 -0.005155 

-0.008732 -0.005705 -0.004109 -0.004673 ! 

-0.003765 

-0.003077 

(ii) vm = 0.; 

-0.05897 -0.02221 -0.010&6 

-0.02806 -0.01445 -0.008797 -0.005785 

[-ma1 ’ a -0.01723 -0.0100& -0.006668 -0.004694 

-0.01185 -0.007393 -0.005160 -0.003773 

-0.008713 -0.005689 -O.O04lc& 

- 52 - 



TABLE 40 

Cropped delta Wing, amect ratio 1.2, taper ratio 1, 

Values of [+J 

o-m55 

1 0.2008 

0.3362 0.1916 0.1283 0.09201- 

0.3413 0.1622 0.1014 0.07176 0.05330 

[eI,] = 0.1026 0.06762 0.04951 

0.1362 0.07279 0.04971 0.03730 

0.03767 I 0.02888 

0.1002 - 0.05521 o.oj870 0.02957 0.02321 

0.3305 0.1888 0.1266 

0.1591 0.09997 o.o7oBb 

[%,I = 0.1005 0.06667 O.WYl 

0.07131 0.04905 0.03688 

o.oyl.08 O.OjslY 0.02925 

. 

- 53 - 



Croppsd 'delta whg. aspect ratio 1.2. taper ratio 1, 

Values of [d&l 

(I) vm = 0.; 

0.61l+5 0.1994 o.og1&6 0.05383 

0.2133 O.Oa45 0.04701 0.03151 

[ah] = 0.1007 0.04815 0.02975 0.02145 

0.0663i 0.03138 0.02079 0.04577 

0.04500 0.02214 0.04544 0.01220 

. 
(ii) vm = 0.6 

P&l = 

\ 

-CT> f . 
0; i;i &3 0.2015 0.09319 0.055co 0.03667 

I < fJ2 ;‘L 
0.2137 0.08550 0.04789 0.03216 0.02327 

qj: ; h83 ‘b.04885 0.03034 0.02187 0.01663 
1' Jm_ t 
0.0663g '-b.03190 0.02i2i 0.01609 0.01267 

6: 6L$oi 0.02254 0.01579 o.o12l.& O.OlOO8 

-54- 



mped delta wing, aspeat ratio 1.2. taper ratio 
1 /7 

Values of [-mJ 

(i) vm = 0.; 

--a.1872 -0.05458 -0.02085 -&oO9850 -0.005153 

-0.06912 I -0.03730 

-0.02708 -o.@w9 -0.008606 -0.005657 

bgl = -0.016g1 -0.009y10 -0.006588 -0.004633 

-0.02376 -0.01172 -0.007343 -0.005122 -0.OQ37w 

-0.01664 -0.008668 -0.005673 -0.CG-087 -~~3060 

(ii) vm = 0.; 

--0.1847 -0.05319 4olyy8 -0.009273 -0.004761 

-0.06768 

I -0.03636 

-0.026& -0.01373 -0.008370 -0.005496 

i-q = -0.01652 -0.~9697 -0.006452 -0.004540 

-0.02309 -0.01146 -0.007201 -0.005032 -0.00 j678 

-0.01614 -0.008472 -0. ws3 -o.w.o21 -0.003cn5 
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. 

Cropped delta wiw. aspect ratio 1.2. taper ratio 
1, 

Values of [+I~] 

(i) l vm = 0.3 

I -0.1423 0.04989 0.02521 0.01608 0.01136 1 
0.03606 0.01459 o.wak39 O.co587l 

b$ = 0.01453 0.006428 0.0040% 0.003047 

0.003419 0.002335 0.001851 

0.002033 0.001472 0.001234 

(ii) Ym = 0.2 

? 
-0.1433 0.05035 0.02546 0.01622 0.01143- 

0.03600 

i 0.01437 

0.01455 0. oo8J+oo 0.0058jb 0.~4350 

[-m&l = 0.006337 0. @wQJt 0.003002 

0.007276 0.003337 0.002280 0.001811 

0.004296 0.001965 0.c4m.27 0.001202 0.002352 i 

0.001485 

O.OOlO2 

-56- 



lorowhesd wing. asze& ratio 1.32, taper ratio 7/8 
gusrter oh013 BSWQI 63&Q 

Values of [C,] 

(a vm = 0.303 

~--o.o2l&o6 -0.009376 -0.005116 -0.~3370 -0.002404 - 

-0.008105 -o.ow+74 -0.003067 -0.002285 -0.001755 

I -0.004003 -0.001567 -0.002371 -0.002739 -0.001378 -0.001877 -0.002108 -0.001558 -0.001209 -o&a675 -0. -0.001294 co1 ojs -0.001~1 -0.001067 -0.00087&2 

(ii) vm = 0.606 

NJ = 

--0.1ol3 -0.03956 -0.02156 -0.01416 -0.01007 

-0.03500 -0.01902 -0.01289 -0.009525 -0.007271 

-0.01765 -0.01172 -0.008866 -0.006971 -0.005%1 

-0.01063 -0.008082 -0.oa6567 -0.005386 -0.OW3 

ee-o.007126 -0.0~5961 -0.005105 -0.004322 -0. ooyxx3 I 

- 57 - 



Arrcwhead wing. aspect retio 1.32, taper ratio 
parter chord sweep.-6j.P 

7/18, 

values of [4J 

(0 vm = 0.303 

'0.8271 

0.3597 

[4al = 0.2149 

0.1473 

--0.1091 

(ii) vm= 0.606 

[eal = 

0.3407 0.1920 0.1276 

0.1708 0.1066 0.07531 

0.1100 0.07257 0.05312 

0.07897 0.05398 0.04049 

0.060% 0.04232 O.O32jl+ 

0.3366 0.1903 

0.1679 0.10%. 

0.1079 0.07164 

0.07733 0.05324 

0.05902 0.04172 

0.12G8 

0.0747-I 

0.05266 

0.04m2 

0.03203 

0.09098 - 

0.05586 

0.04039 

0.03134 

0.~36 _ 

0.09054- 

0.05555 

0.04016 

0.03?16 

0.02.521 ! 

-58- 



TABLE 46 

Arrowhead wing. aspect ratio 1.32, taper ratio 7/18, 
quarter ohord meep 63.4' 

Values of [-m,J 

(a v. = 0.303 

--0.003742 -o.oGlti -0.0008073 -0.0005518 -0.ooobo83‘ 

~~~31726 -0.CCO5183 -0.0002~ -0.Oool781 -0.0001417 

b,l = I- -0.W295 -0*0003173 -0.0001711 -0.000l219 -0.0000954 

-0.0005279 -0.oOJJl753 4ooooy& -0.0000717 -0.0000583 

-4LooO4988 -0dm-1522 -0.0000~0 -0.oooo554 -0.0000447~ 

(u) vm il 0.606 

-a01377 -0.005468 -0.003109 -0.002141 

-0.0~6062 I -0.003100 

-0.001869 -0.0009498 -0.0006809 

bzl = -0.001119 -0.0006362 -0.0004650 

-0.001628 -0.0005852 -0.00~3494 -0.0002706 

-0.001611 -0.0005186 -0.0002810 -0.0002100 

. 
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TABLE 47 

Arrowhead wing, aspect ratio 1.32, taper ratio 7/18, 
quarter chord sweep 63.4O 

Values of [-mm] 

. 

1 

(i) vm = 0.303 

I 

-0.2029 

-0.08560 

[-ma1 = -0.05210 

-0.03608 

-0.02627 

(ii) vm = 0.606 

, 

L-m,1 = 

-0.06857 -0.03245 

-0.03729 -0.02195 

-0.02562 -0.01624 

-0.01911 -0.01275 

-o.oul+7 -0.009981 

-0.06923 

-0.03742 

-0.02568 

-0.01 yoy 

-o*O%Jt7 

-0.03253 -0.01922 -0.01268- 

-0.02193 -0.01494 -0.OlO83 

-0.01627 -0.01152 -0.008529 

-0.01276 -0.09335 -0.007074 

-o.@JYYY2 -0.007501 -0.005796. 

-0.Ol929 -0.01279- 

-0.m499 -0.01088 

-0.01152 -0.008540 

-0.009334 -0.007082 

-0.007499 -0.005801~ 

-6o- 



Arrowhead wing. aspect ratio 1.32, taper ratio 7/18, 
quarter chord sweep 63.40 

values of [e;] 

(i) vm = 0.303 

[e-,1 = 

(ii) vm P 0.606 

0.3395 0.1913 0.1272 

0.1704 0.1064 0.07517 

0.1098 0.07246 0.05305 

0.07882 0.05391 0.04045 

0.06023 0.04228 0.03231 

- 0. opop 

0.05576 

0.04034 

0.03131 

0.025355_ 

0.3324 0.1880 0.1253 0.089&V- 

0.1665 0.1046 0.07420 0.05517 

0.1072 0.07129 0.05242 0.03vPa 

0.07686 0.05305 o.ol+ooo 0.03106 

0.05869 0.04160 0.03196 0.02516~ 
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Arrowhead wing, aspect ratio 1.32, taper ratio 7/18, 
gusrter chord sweep 63.40 

Values of [LJ 

(i) urn I 0.303 

0.1883 0.09477 0.05929 0.04og2 

0.09208 0.05665 0.03989 o.o2g61 

[h&l = 0.05776 0.03923 0.02g36 0.02272 

0.04046 o.ozg26 0.02282 0.01816 

0.03027 0.02289 OAl8W o.oIt+g6 

(ii) un = 0.60C 

0.1924 0.09752 0.061og 0.0&?.10 

0.09448 0.05834 0. Q-Q99 0.03031 

[q = o-05947 0.04049 0.03018 

0.04179 0.03026 0.02347 

0.03135 0.02372 0.01895 0.02323 i 

O.Ol857 

0.a530 

- 62 - 
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TABm 50 

Arrowhead m. aspect ratio 1.32. taper ratio 7/lb 
gutter chord sweep 63.4O 

Values of [+nk] 

(i) urn = 0.303 

-0.2co1 

-0.08455 

t-g = 

I 

-0.05158 

-0.03578 

-0.02602 

(ii) vm = 0.606 

- -0.06774 -0.03210 -0.01909 -0.01265 

-0.03699 -0.02181 -0.ol490 -0. olO81 

-0.02545 -0.OI615 -0.01145 -0. oo&yo 

-0.01 y 01 -0.01269 -0.009289 -0.007045 

-0.01438 -0.009937 -0.007465 -0.~5773- 

i 

[-m&l = 

--0.4953 

-0.08244 

-0.05020 

-0.03476 

-0.02531 

-0.06597 -0.03113 -0.01841 

-0.03623 -0.02137 -0.01457 

-0.02500 -0.01590 -0.01125 

-0.01869 -0.01251 -0.009149 -0.006924 
I 

-0.01416 4. ooy810 -0.007360 -0.005681_1 

- 63 - 



51 TABLE 

Arrowhead *, aspect ratio 1.32, taper ratio '/18, 
garter chord sweep 63.4O 

Values of [-n$l 

(i) urn = o.jo3 

Q-03729 0.02092 0.01412 0.o1027 

o.o12l& 0.007462 a. m699 0. oo@+l 

[-mhl = 0.007054 0.004997 o.oo4015 o.oQ33o3 

0.003643 0.003020 0.002650 0.002294 

0.~2993 0.002315 0.002043 0. On797 

(ii) um = 0.606 

0.03708 o. 02096 o.ol415 0.01027 

0.01224 9.007521 0.005753 O.oo4663 

[a;] = 0.006882 0.005028 0. Q&Q49 0.003317 

0.003507 0.00304.8 o. oo2679 0.002308 

0.002887 o.oo2y& 0.002072 0.001812 



TABLE 52 

(it 

6. 
Value43 of e ra 

I ) 

for croppad delta wings 

k&4 A=0 

(i) A = 3, vm = 0.2; 

-I.8970 1.8210 1.7308 1.6912 

1.8731 1.8856 1.8880 1.8937 

1.8592 1.9203 1.9672 1.9973 

1.8503 1.9403 2.0151 2.0614 

1.84&l 1.9524 2.0472 2.1055 

(ii) A = 1.2, vm = 0.; 

-1.0255 1.0087 0.9758 

1.0238 1.0194 1.0144 

I.0225 1.0257 1.0331 

1.0214 1.0290 1.0440 

2.0204 1.0305 1.0511 

0.9626 

1.0145 

1.0396 

I.0545 

1.0646 

1.6375 

1.8600 

1.9763 1 2.0484 

2.0978 
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53 TABLE 

Values of 
[%l for cropped delta wings 

(i) A z 3, v- = 0.22 

0.7026 0.5882 0.4710 0.4289 0.4142 

0.5411 0.5623 0.6093 0.6490 

0.4909 0.5850 0.6848 0.7616 

0.4418 0.5839 0.7229 0.8291 

0.3958 0.5732 0.7449 0.8756 

(ii) A = 1.2, ym = 0.; 

0.5652 0.5087 o-4907 0.4309 

0.5563 0.5567 O-5776 0.5925 

0.5447 0.5728 0.6147 0.6444 

0.5317 0.5778 0.6347 0.6753 . 

~0.5186 _ .*.r 0.5779 ,' O.$Jt71 0.6964 -3 
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-m. 
Values of 74 rs 

@[ I; 

for moppe3 delta wings 

L-m; I,. 
AZ0 

(i) A = 3, = vrn 0.2: 

3.6390 5.2816 

2.4498 2.6632 

2.0975 2.234a 

I. 9378 2.0494 

1. a357 I.9409 

(ii) A = 1.2, vm = 0.; 

1.5148 I.8640 

1.1639 1.2163 

I. 0870 1.1219 

1.0535 I. 0832 

I. 0328 1.0605 

11.0550 454.8 - 

2.9586 3.2329 

2.3589 2.4283 

2.1345 2.1649 

2.0135 2.0306 

3.2274 -36.81 

1.2918 1.3553 

1.1572 1.1699 

I.1079 1.1op1 

1.0806 1.0767 
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i 

-m. 
a rs 

Values of 

+iI II) 

for cropped aata win!g 

-I& 
a rs bo 

(i) A = 3, Y,,, = 0.2; 

0.8093 0.7259 

0.9327 0. a786 

I.0443 0.9906 

1.1486 I. 0781 

1.2495 1.1494 

(ii) A = 1.2, v,,, = 0.; 

0.6996 

0.8684 

0.9871 

I. 0787 

I.1538 

0.6840 

0. a568 

0.9785 

1.0766 

I.1595 I 

0.5201 0.5333 

0.5637 0.5900 

0.5902 0.6275 

0.6085 0.6583 

0.6219 o.6eb7 
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TABLE 56 

Values of for cropped delta Kings 

(i) A = 3, wm = 0.2; 

-2.6277 3.5705 5.1243 

I 2.1284 1.9076 1.7746 1.6833 I.9360 2.4056 1.8356 2.0922 2.6459 2.0460 2.2281 I.9391 

(ii) A = 3, = vm 0.4 

i.5180 3.3888 4.7773 
2.0556 2.3280 2.5616 

1.8478 2.0363 2.1744 

1.7223 1.84396 2.0047 
1.6352 1.7954 I.9042 

(Fii) A = 1.2, v,.,, = 0.; 

-1.2105 1.4811 1.7982 2.9730 79.126 

1.0720 1.1541 1.2060 1.2819 1.3458 

1.0262 1.0814 1.1162 1.1525 1.1665 

1.0037 1.0498 1.0792 1.1047 1.1071 

0.9898 1.0301 1.0574 1.0783 1.0752 I 

. 
(iv) A I 1.2, ym = 0.6 

1.3650 1.5794 2.3270 

1.1011 1.1477 1.2203 

1.0408 1.0763 1.1151 

1.0148 I.0463 1.0756 
0.9983 1.0282 1.0531 

lo.3695 -3034.9 7 
2.9387 3.2109 
2.3520 2.4219 
2.1310 2.1620 

2.0116 2.0289 1 
9.2781 133.53 -! 

2.8661 3.1078 

2.2993 2.3703 
2.0923 2.1252 

1.9797 1.9997 1 
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