
R. & M. No. 3618 

MINISTRY OF AVIATION SUPPLY 

AERONAUTICAL RESEARCH COUNCIL 
REPORTS AND MEMORANDA 

A New Series of Low-Drag Aerofoils 

By T. R.  F.  NONWEILER, B.Sc.,  P h . D .  

University of Glasgow' 

LONDON: HER MAJESTY'S STATIONERY OFFICE 
197~ 

PRICE £2 14s 0d {£2"70] NET 



A New Series of Low-Drag Aerofoils 
By T. R.  F. NONWEIr~ER, B.Sc. ,  P h . D .  

University of Glasgow 

Reports and Memoranda No. 3618" 
March, 1968 

Summary. 
A series of low drag aerofoils, modelled roughly on the NACA 6-series, is described. It appears to 

offer theoretical advantages over its progenitor, and allows flexibility in the choice of leading-edge 
thickness and trailing-edge angle. Aerofoils of this series are specified by five parameters, and the aero- 
dynamic and geometrical characteristics of about 1000 of the sections are listed. The mathematical 
derivation of their shape (by the Lighthill method) is described in detail, and an ALGOL 60 procedure 
for the computation of their ordinates is included ; care has been taken to construct this procedure so 
that it may be of general use in other applications of the Lighthill method of design. 
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1. Introduction. 
As part of an investigation into the possibilities of designing aerofoils which combine high lift and 

relatively low drag, the Lighthill method of design t has been applied to the derivation of a family of 
wing sections patterned, generally speaking, on the specification of the well known and well tried NACA 
'low-drag' 6-series of aerofoils. That is to say, they have been designed to have uniform velocity over 
some prescribed forward portion of the chord, either on the lower surface, or else the upper surface, at 
the two relevant extremes of the 'low-drag' incidence range. This involves use of the concept of 'design 
at incidence' which was well expounded by Glauert 2. 

The original NACA series was derived by an approximate process which does not really bear extra- 
polation to high camber or thickness, so that the use of an exact method could reasonably be expected 
to show some improvement in design. Moreover, we have tried to provide a flexibility in design criteria 
so as to eliminate, if it is felt necessary, regions of reflex curvature and the cusped trailing edge typical of 
the NACA sections, which can sometimes cause structural complication or conflict with control surface 
requirements. Further, some degree of selection is provided in the choice of leading edge radius of cur- 
vature, as this may be important in relation to the development of high lift. 

All that one can assert about the results of such an exercise at this juncture is a satisfaction in the 
general appearance of the aerofoils so calculated. One single member of the family, of 20 per cent thickness/ 
chord ratio and 7 per cent camber, has been fully tunnel tested, and the results are reported elsewhere 4; 
but it is worth noting that at the low Reynolds Number of the tests (0-5 million) a well defined low drag 
'bucket' is obtained in its lift-drag polar from CL = 0"3 to 1'8 (as compared with a 'theoretical' range 
of 0.9 to 1.9). 

Certainly, a positive result of the study has been an accumulation of data on the inter-dependence 
of geometric features of the aerofoils on their theoretical aerodynamic characteristics, and these data 
are discussed below and may prove of interest. The associated calculations are very extensive, and have 
only been made possible by programming the Lighthill method for digital computer, and some care has 
been taken to retain a general applicability in the numerical methods, since the computer programme--  
included here as a procedure written in ALGOL 60---could well be of use in other connections. It has 
also been judged that its inclusion is the only suitable way of communicating the tabulation of ordinates 
of aerofoils of the family under discussion, although a fairly comprehensive list of their aerodynamic 
and geometric features will be found appended to this Report. 

2. Computational Procedure. 
The Lighthill method of design consists of several distinct phases. Firstly, there is the subtle and 

all-important task of defining the required velocity distribution. In the referenced reports, it is proposed 
that this may be achieved by stipulating a series of piecewise continuous functions which are added 
together to provide an expression for Inqo, where qo is the surface velocity at zero lift. The velocity at 
any other incidence (q~, say) can subsequently be generated from the relation 

0 )/ 0 
q_2 = cos -c~ cos (1) 
qo 2 

where a is the incidence relative to the zero lift attitude, and 0 is the angular co-ordinate of the point on 
the unit circle onto which the aerofoil is mapped by conformal transformation. 

For the purposes of digital computation, it might be just as convenient to stipulate this velocity dis- 
tribution in numerical, rather than algebraic, terms. We found no particular advantage in this. Since 
we were generating a systematic series of velocity distributions, algebraic relations had in any case to be 
invoked to display the effect of the various parameters of the series. 

In prescribing the velocity distribution, it must be ensured that certain geometrical conditions are 
met : for example, the aerofoil must be a closed contour, which is ensured by making two definite integrals 
(both involving Inqo) equate to zero. These conditions again could be computed exclusively in numerical 
terms--the closure condition being expressed, for instance, by numerical quadrature,--but it happened 



that the algebraic expression of these conditions presented no special difficulties, and evaluation of the 
resulting expressions was speedier and more accurate. 

Likewise the next step of the process, involving the calculation of the surface slope (Z), which is the 
complex conjugate of lnqo (expressed as a function of 0), can be achieved by using Poisson's integral, 
and here again numerical quadrature could be used, although we preferred a scheme relying on the 
computation of algebraic expressions for the various definite integrals involved. 

Up to this stage the computation is essentially dependent on the particular aerofoil being designed. 
Consequefitly, in the context of an ALGOL programme, it is convenient to regard the values of Inqo 
and Z for any value of 0 as being generated by a separate procedure (which in the example given in Appen- 
dix IV is given the identifier dwbydz). The procedure is called by the main procedure (given the identifier 
RM2112), which latter has, as its primary purpose, the evaluation of the aerofoil contour corresponding 
to the defined velocity distribution. In other words, in other applications we envisage that the procedure 
dwbydz would be a subroutine used by RM2112, to be supplied by the user. Details of the specification 
and purpose of this procedure dwbydz are given by comments in the example of Appendix IV, and the 
mathematical details of the calculation of lnqo and g for the series of aerofoils to be studied here, are 
given in Appendix I. 

The parent procedure RM2112 performs tasks which are common and necessary probably to every 
application of the Lighthill method: and these are more laborious than subtle. The aerofoil shape is 
derived by numerical quadrature using an adaptive scheme which adjusts the integration accuracy to 
accord with a prescribed error tolerance (or the storage capacity available for the results). The expression 
of the shape by ordinates and abscissae relative to the chord line requires a change of axes: the procedure 
given here allows the possibility either of prescribing the chordwise positions at which these abscissae 
are to be calculated, or of accepting values corresponding to generally integer values of 0 (in degrees) 
which happen to be found convenient to the computation. Certain aerodynamic properties (such as the 
aerodynamic-centre position) are evaluated as well as geometric features (such as the thickness and 
camber). Full details are again given in comments to the procedure in Appendix IV, and the main tormulae 
used are discussed in Appendix II. 

The procedures as reproduced here have been used to determine the hundreds of results referred to in 
the later sections of this Report, and can be regarded as extensively tested. Nonetheless, the root finding 
techniques used in interpolation could still give trouble in unusual contexts (e.g. the design of suction 
aerofoils); the comprehensive failure index should, however, help to locate the origin of such troubles. 

3. Specification of the Aerofoil Series. 
We prefer here to specify each member of the family of aerofoils derived by the computation (described 

above) in terms of parameters of its velocity distribution, rather than (as for the NACA series) by its 
geometric characteristics. In principle, there would be no difficulty about the latter representation, as  an 
iterative scheme could be envisaged in which the quoted parameters were methodically varied to provide 
a prescribed set of geometric characteristics. In fact, however, this would add considerably to the com- 
putational time, without contributing much to the present purpose, which is to explore precisely this very 
relationship between the aerodynamic and the geometric properties. 

For conciseness, we specify particular aerofoils of the series by the letters GU, followed by a five 
digit identifier of the particular aerofoil, as follows: 

GU ab-cde 

where a, b, e, d and e are digits specifying 5 parameters. (We allow the possibility that, where any para- 
meter cannot be correctly represented by a digit, it can be replaced by a bracketed number). The signific- 
ance of each digit is described below. 

'a' A measure of the extent of modification of the velocity peak at the leading edge, adopted in order 
to achieve a larger nose radius of curvature. A zero value denotes no modification, and is valid only for 
symmetric sections : a value of 2 is a 'normal' figure; values much higher than 4 tend to produce a shape 



having a flat nose with two 'sharp' shoulders, and are not to be recommended. (This parameter is the 
value G of Appendix I). 

'b' A measure of the extent of modification of the velocity distribution at the trailing edge, adopted 
order to achieve a finite trailing edge angle and reduce regions of reflex curvature. The section will have 
the same difference in surface slopes (between top and bottom surfaces) at roughly b per cent of the 
chord forward of the trailing edge as at that edge. This produces a more or less wedge shaped trailing 
edge extending in practise over considerably more than the last b per cent of the chord. (In the notation 
of Appendix I, cos # = 1.0-  0.02b). 

'e' A measure of the extent of the favourable pressure gradient, within the design range of incidence, 
roughly equal to the fraction of the chord from the leading edge in tenths. (In the notation of Appendix I, 
cos/3 = 0 .2e-  1.0). 

'd' The 'design' incidence in degrees, relativq to the zero lift line, this being the middle of the 'low drag' 
range. (In the notation of Appendix I, a ° = 2d). 

'e' The design range of incidence, which therefore extends from ( d -  zZe) to (d + 2Ze) degrees. (In Appendix 
I, c~g = 0-Se). 

For thin aerofoils, because the lift curve slope is about 0' 11 per degree, the values of d and e could be 
interpreted roughly as the design C L, and the low drag range of C L, in tenths. 

4. Discussion of Results. 
4.1. Accuracy and Storage Requirements. 

The accuracy of the numerical evaluations of procedure RM2112 is determined by the parameter 
eps. Once the calculation is effected, a more realistic estimate of the error in the derived aerotoil shape is 
obtained by examining the disparity in the closure condition--that is, the difference in the co-ordinates 
of 0 -- 0 (the top surface trailing edge) and 0 = 360 ° (the bottom surface trailing edge), which should of 
course coincide if the numerical integration process of the procedure could be exact. 

It is found that this error (as a fraction of the chord) is given very roughly by 0.2 (eps) 4/3, although 
individual results are known in which the actual error in the closure condition is up to 5 times larger 
(or smaller) than this mean figure. In practice, it would seem very unlikely that values smaller than 
eps = 1 0  - 4  could ever be justified by constructional accuracy, as this represents generally a closure 
accuracy better than 1 part in a million. 

The computing run time and storage requirements are both roughly proportional to the value of 
(eps)- 1/3. The size of the arrays used for storing the results (x, y, theta, ki and qs) should exceed lO(eps)- 1/3. 
Thus, with eps = 10 -*, a size of, say, 224 would be adequate and the total storage requirement, including 
the local working data space of the procedure, would not exceed about 1,600 words, which is a very 
modest requirement. 

For the computation of the data listed in Tables 1 and 2, it was judged adequate to take eps = 10- 2. 
In a few cases it was necessary to reduce eps to 10-3 in order to discriminate the leading edge (and so 
avoid the aborted failure exit, coded lO0---see Appendix IV). The quoted results have a possible 'rounding' 
error in the least significant figure quoted (with the exception of the quoted relative thickness at 5 per 
cent chord, which is correct within _ 0-5 per cent). 

4.2. Features of Symmetric Sections. 
Uncambered aerofoils of the GU series are typified by identifiers of the type GU ab-c0e ,  and their 

features are listed in the first part of Appendix III. The effect of variation of 'b' is very local to the trailing- 
edge region, so that to all intents and purposes the trailing-edge angle can be adjusted at will, by suitable 
choice of 'b', without significant effect upon any of the other features. With a far forward maximum 
thickness, the trailing-edge angle varies roughly in proportion to b 1/2, while with the maximum thickness 
far back the variation is closer to b 1/3. These points are exemplified by the following data extracted from 
Appendix I!I: 



Aerofoil 

GU 21-304 
GU 23-304 
GU 25-304 

GU 21-704 
GU 23-704 
GU 25-704 

t5/tmax 

0.46 
0-47 
0"47 

0.37 
0.36 
0.36 

~te 

5.2 ° 

10.4 ° 
10"4 ° 

14.2 ° 
21.0 ° 
23.5 ° 

xf~/c 

0'28 
0'28 
0"28 

0'67 
0.68 
0.68 

tmax/C 

10.5% 
10.6% 
10.7% 

13.8% 
14.0% 
14.2% 

xt/c 

0'3C 
0"31 
3"31 

3"48 
3"48 
3"49 

dCL/d~ 

0"118/o 
0-118/° 
0"118/° 

0.121/° 
0"121/° 
0' 122/° 

CL2 

3'24 
3"24 
3"24 

3"24 
3.24 
3.24 

~ac/C 

0"26 
0"26 
0"26 

0"28 
0"28 
0"28 

Ate 

0.61 
0-9~ 
1.1] 

0.94 
1-35 
1.4~ 

Also included in the above Table is the quantity 

Ate = (c -  xt) 6te/tmax 

which provides a ready impression of the general proportions of the trailing edge. For a wedge shaped 
section (between maximum thickness and trailing edge) the value of Ate Would be 0.5, and for a biconvex 
section it would be 1.0. 

As is expected, neither the lift curve slope nor the distance of the aerodynamic centre from the leading 
edge is grossly affected by any parameter, though both quantities tend to increase with increasing thick- 
ness, and the aerodynamic centre also tends to move aft as the maximum-thickness position is moved 
back. The only parameter which has a significant effect upon the low drag range is 'e', and likewise 
virtually the only effect upon the extent of favourable pressure gradient--which is very closely correlated 
with maximum-thickness position--is due to a variation in the parameter 'e'. 

Increase in either of the parameters 'e' or 'e', which can therefore be regarded as 'improving' the aero- 
dynamic performance, is only obtained at the expense of increased section thickness, and further the 
rearward positions of maximum thickness associated with large 'e' cause a relative sharpening of leading- 
edge curvature. This latter effect can be controlled to some extent by an increase in the parameter 'a', 
but this also causes an increase in thickness--the leading-edge modification being far less localised in its 
effects upon aerofoil geometry than the trailing-edge modification. The effects of the parameters 'a', 'e' 
and 'e' upon the leading edge and maximum thickness are graphically illustrated by Figures 2 and 3, 
and summarised in Figure 4. 

This complicated interdependence of the shape parameters and the aerodynamic performance criteria 
can be exemplified in a number of different ways. For example, tmax/C and ts/c can be kept the same 
and the extent of the low drag range traded off against the extent of the favourable pressure gradient, 
as is roughly indicated by the following comparison (extracted from Appendix III): 

Aerofo i l  t5/tma x Ore Xfav/C 

GU 03-308 0.44 12.5 ° 0.28 
GU 23-406 0.43 13.5 ° 0.37 
GU 41-604 0.43 11.9 ° 0.57 

tmaJC Xt/C dCL/do~ CL2 x.c/c 

15.7% 0.31 0-122/° 0.49 0.27 
15.5% 0.36 0.122/0 0.37 0.27 
15.4% 0.43 0.122/0 0.24 0.27 

The extent of the favourable pressure gradient is doubled, but it only remains favourable over half the 
range of CL. Conversely, an increase of thickness can either be used to increase the extent of the favourable 
gradient over the same incidence range, as here : 



Aerofoil tS/tma x 6re Xfav/C tmax/C Xt/C dCz/d~ CL~ X.JC 

GU 25-304 0"47 10"4 ° 0 " 2 9  10"7~ 0"31 0"118/0 0"24  0'26 
GU 61-704 0 " 4 7  20"0 ° 0 " 6 6  20"6~ 0'45 0"128/0 0'26 0'28 

or to increase the incidence range over which a given extent of the chord has a favourable gradient, as 
here: 

Aerofoil t5/tma x t~te Xfav/C tmax/C xt/c dCL/&t CL2 x J c  

GU 45-402 0.44 8"5 ° 0"39 8"1~ ! 0"36 0"116/0 0"12 0'26 
GU 25-408 0"44 19"4 ° 0 " 3 7  19"1% [ 0"36 0'125/0 0"50  0'28 

I 

In either example we see that the variation in Xfa v or in CL2 with tmax is more rapid than a simple linear 
proportion. 

Similarly, a reduction in leading-edge radius of curvative (and consequently, in the value of tS/tmax) 
with the same maximum thickness, can likewise be used to increase the extent of favourable gradient, 
as here : 

Aerofoil 

GU 45-306 
GU 01-706 

t5/tmax 

0"53 
• 0.35 

6re Xfav/C tmax/C Xt/C dCL/d~ CL2 X.c/C 

16"3 ° 0 " 2 7  17"5~ 0'30 0"125/0 0'37 0"27 
17"6 ° 0 " 6 7  17"3~ 0"48 0"124/0 0"37  0"28 

in which example it would of course be more natural to regard the thinner leading edge as the consequence, 
rather than the cause, of the rearward movement of maximum thickness; or equally well, it can be used 
to increase the low drag range with the same extent of favourable gradient, as here: 

Aerofoil t5/tma x C~te Xfav/C tmax/C Xt/C dCL/d~ 

GU 65-504 0"51 21"9 ° 0 " 4 6  19"0~ 0"39  0"126/0 
GU 05-508 0"38 21"9 ° 0 " 4 7  19"2~ 0"41 0"125/0 

CL 2 Xac/C 

0.25 0.27 
0"50 0.28 

To place these figures for (t5/tmax) in their perspective, it can be recalled that 'conservative' wing sections 
(like, for example, the NACA four-figure series) have values of about 0.60, whereas values of 0.45 or 
0-4 are generally associated with low-drag wing sections, and the last quoted example amply illustrates 
the reason for this. On the other hand, of course, it is generally accepted that the value of tJc should be 
reasonably large (about equal to 0.1) if high sectional maximum lift coefficients (with or without trailing- 
edge flaps) are to be achieved, but clearly the price paid for this feature is severe. 

4.3. Features of Cambered Sections. 
The effect of the introduction of camber (i.e. d ~ 0) is easy to describe, since it leaves the properties 

(ts/c), fire, (x]c), dCL/d~ and (Xae/C) virtually unaltered, and causes only a very slight reduction in (tmax/C). 
Further (xfav/c) is more or less the same--except that the favourable pressure gradient is slightly more 
extensive on the top surface than the bot tom--and the range of CL over which the favourable pressure 



gradient exists is also almost the same as without camber. 
The dominant effect is of course to increase the design incidence above zero lift by an angle prescribed 

by the value of 'd' (in the identifier GU ab-ede),  and since the lift-curve slope increases with aerofoil 
thickness, the corresponding design lift coefficient tends to be rather higher for the thicker aerofoils. A 
good fit to the values of lift-curve slope is given by 

dCL/d7 = 2n [1 + 0"85 (tmax/C)] per radian 

for the complete range of aerofoils listed in Appendix Ill. 
This however is only one of many influences of the thickness distribution on the effects of camber. 

These are made all the more apparent by our knowledge of the simple 'first order' effects from thin 
aerofoil theory, since the camber line adopted is known to have a load distribution which (in this linearised 
approximation) is uniform over that proportion of the chord where the pressure gradient is favourable 
(i.e. over a fraction df the chord equal to 0.1 times the parameter e), thereafter dropping to zero at the 
trailing edge linearly with chordwise distance. 

Thus, although the design lift coefficient (CLi , say) increases with (tmax/C) for a given design incidence, 
the maximum geometric camber is in fact reduced. This is exemplified by the following Table. where the 
characteristics of the cambered arc aerofoil G U a0--580 are calculated from thin aerofoil theory, although 
they could be approached by the exact method as a limiting condition. 

Aerofoil 

GU a0-580 
GU 23-582 
GU 23-588 
GU 63-584 
GU 63-588 

(tmax/¢) 

0 
6.9% 

20-1% 
18.2% 
34-0% 

(tdc) 

0 
2.9 ° 
8.4% 
9.1% 

17.5% 

Cr.i 

0"88 
0"92 
1"01 
1"00 
1"11 

Camber 

Chord 

6"3% 
6.1% 
5.17o 
4-6% 
1.9% 

Position 
of max 
camber 

36% 
47°4 
47% 
47% 
49% 

CMo 

-0.139 
-0.110 
-0"092 
-0.087 
-0.053 

Along with the reduction of camber there is an associated reduction in (--CM°). This latter correlates 
well with thickness (fig. 5) but still better with the measure (t5/c) of leading-edge thickness (fig. 6), and 
presented on the same basis, the values of centreline camber appear to show a consistent reduction as 
(ts/c) is increased (fig. 7). This is rather more marked for aerofoils with their maximum thickness well 
forward than for those with an extensive region of favourable pressure gradient (and therefore of uniform 
camber loading). This can be seen from the following comparisons : 

I 

Aerofoil (tmax/C) 

GU a0-380 0 
GU 23-382 6.0% 
GU 23-388 16.7% 
GU 63-384 15.6% 
GU 63-388 28.5% 

GU a0-780 
GU 23-782 
GU 23-788 
GU 63-784 
GU 63-788 

0 
7.7% 

23.0% 
20.4% 
39.3% 

(ts/c) Cu 

0 0.88 
2.9% 0.92 
8-1% 0.98 
8.7% 0.99 

16-2% 1.07 

4 

3.0% 
8.6% 
9-4% 

19-0% 

0.88 
0.93 
1 . 0 4  

1.02 
1.17 

Camber 
chord 

6"1% 
5.7% 
4.6% 
4.0% 
0.9% 

6.2% 
5.870 
4"9700 
4.5% 
2.6% 

Position 
of max 
camber 

29,°/0 
35% 
34% 
367o 
43% 

42% 
51% 
55% 
59% 
67% 

C~to 

- 0.093 
- 0.081 
- 0"062 
- 0"057 
- 0-024 

-0.157 
-0.148 
-0.134 
-0.130 
- 0-097 



The explanation of'this reduction in camber (an d consequently in CMo) would appear to be that, as 
the aerofoil thickness is increased, so the change of load distribution due to change of incidence becomes 
less peaked close to the leading edge, and indeed more like that required for the camber line---particularly 
if the latter has a load line with only a short region of uniform loading. Indeed, for very thick aerofoils, 
the incremental load distribution due to (small) incidence will tend to resemble that on a circular cylinder 
(with fLxed rear stagnation at 0 = 0, say), and this is proportional to (1 - c o s  0). In terms of the same polar 
co-ordinate 0 of the circle onto which the aerofoil is mapped, we demand a distribution which is uniform 
for some range of 0 > fl, say, but which varies as (1 - c o s  0) for smaller values of 0. The thicker therefore 
the wing, the greater the proportion of the load distribution that can be acc0mmodated by incidence 
and the less the camber required. What makes this seem paradoxical perhaps is that one speaks of camber 
as providing a load distribution, whereas in a truer sense camber merely redistributes the loading due to 
incidence to conform to that required (at some prescribed CL). 

There is also a noticeable change in shape of the camber line as the thickness increases. As will be 
seen from the Tables before, the position of the maximum camber moves back, particularly for the 
loadline with a greater extent of uniformity (the GU a b - 7  de series). This effect is noticeable even for 
relatively thin aerofoils--with (tmax/C) equal to only 6 or 7 per cent--and it is not sensitive to the amount 
of camber. A less obvious effect upon the shape of the camber line is the appearance of a reflex curvature 
and a region of negative camber very close to the leading edge if the parameters 'a' and 'e' are large. 
The effect is only evident from the data Appendix III where this negative camber exceeds the positive; 
this happens for aerofoils of the GU 6b-ede  series if the 'thickness' parameter 'e' exceeds the 'camber' 
parameter 'd': for example, for the GU 63-526, where this negative camber is 1.6 per cent at 0-024 chord 
from the leading edge, and the positiv e camber aft is only 0-8 per cent. Strangely, as the positive camber 
decreases, the negative camber increases, though becoming less extensive. 

The effect is due to the definition of what is meant by camber, and to the detailed shape of the leading 
edge of these thick-nosed sections. 

We define the chord line of a section as that straight line through the trailing edge which intersects 
the aerofoil profile orthogonally. (This accords of course with the accepted convention.) It is also therefore 
a line of maximum or minimum length and of course the former alternative is intended; however, it 
may not in fact be the one chosen. For a symmetrical section the chord line is unambiguously the axis of 
symmetry, and the profile must (by definition) intersect it at right angles. If, for example, the thickness 
distributions were triangular, with the vertex aft as the trailing edge (Fig. 8a), then by symmetry the 
line through the vertex bisecting the base (at the leading edge) would be the chord line, although it is a 
line locally minimum in length (the sides of the triangle being longer). If an infinitesimal camber is added 
to this section, by which we mean that an infinitesimal assymmetry is produced in the velocity distribution, 
the actual shape of the profile would not be changed (except by an infinitesimal amount), but the argument 
of symmetry being lacking, the side of the triangle could now be selected as the chord line (Fig. 8b) if a 
line of maximum length is looked for. Now the mean line (or centreline) is defined as the locus of points 
bisecting the ordinates described within the section at right angles to the chord line, and the geometrical 
(centreline) camber as the maximum ordinate of the mean line (irrespective of sign). Quite clearly in the 
example of Fig. 8b, the mean line would be the line bisecting the vertex (except near leading edge) and 
consequently a finite (negative) centreline camber would be ascribed to the section, although the design 
lift coefficient would be infinitesimal. 

Perhaps this only shows the inadequacy of our definitions--although they are the accepted ones. It is 
to  be noted that they do not conform to NACA practice used in formulating their 6-series of sections, 
where a mean line is postulated ab initio, and a chord line is formed by joining its extremities: a thickness 
distribution is then added by offsets at right angles to this line. This does not guarantee that the end of 
the chord line is the 'leading edge' as we have defined it. 

Although far from triangular, the aerofoils of the GU 6b-ede  series do tend to be flat nosed, with 
sharply curving comers (see for ex.ample fig. 17) and the position of the 'leading edge' is very sensitive 
to camber; there seems no doubt that the effect illustrated by Fig. 8 is an exaggerated, but correct, ex- 
planation of their negative camber. As further corroboration we note that the section of Fig. 8b has a 
positive zero left angle (equal to the semi-vertex angle), and it will be found from Appendix III that increase 



of the parameter 'a' produces the very same effect. Thus the GU 63-526 develops zero lift at 0'2 ° incidence, 
though the GU 23-526 has a zero lift incidence of - 1.1 °. 

Clearly all the evidence shows how dangerous it is to treat either the camber load distribution, or the 
geometric camber line, as linearly superimposed upon the symmetric load or thickness distributions at 
corresponding abscissae. True, the non linear geometric effects are, in a sense, purely illusory; but there 
can be no denial of the reality of the aerodynamic non linearities, as evinced for example by the zero 
lift pitching moment. But the non linearities are mainly connected with the mutual interference of the 
symmetric and assymmetric terms. The camber effects are linear in the sense that (to the accuracy of the 
tabulations) properties such as the maximum (positive) geometric camber, and the zero-lift pitching 
moment, are virtually directly proportional to the value of the parameter d (or to the design lift coefficient) 
if this alone is varied, as for instance in the following set of characteristics for a thick aerofoil : 

Aerofoil tmax/C 

GU 25-408 19"1~ 
GU 25-408 19"1% 
GU 25-448 19"0°/0 
GU 25-468 18"9°/0 
GU 25-488 18'7% 

CLi 

0 
0.25 
0.50 
0.75 
1.00 

Camber Position of 
chord max. camber 

0 
1"2% 42% 
2"4% 40% 
3"6% 43% 
5"0% [ 40% 

CM o 

_o°o19 
[ - 0"038 
[ - 0.057 

l - 0-076 

X a c  
m 

~z c 

0 27.5% 
- 0"9 ° 27-5% 
_ 1.9 ° 27.5°/0 
_ 2.9 ° 27-50/0 
- 3.9 ° 27.80/0 

Yac 
C 

0.40~ 

0.9% 
1.5% 
1.2% 

Here c~ is the zero lift incidence. The value of (ts/C) remains constant for all these sections (and equal to 
8.3 per cent), the position of maximum thickness stays at 36 per cent e and the ratio of trailing-edge 
angle to the thickness/chord ratio is the same in each case. 

4.4. Appearance and Velocity Distributions. 

To illustrates the general appearance of aerofoils of this family, and to bring out pictorially some of the 
points made in the preceding discussion, a number of the aerofoils mentioned are shown in the appended 
figures, along with their velocity distributions at one or two incidences. 

The first series (Figs. 9 to 14) illustrate some of the comparative pairs of symmetric aerofoils referred 
to in Section 4.2, and the velocity distributions illustrated are those at the upper limit of design incidence, 
where the upper surface has a region of constant velocity. In the figures 15 to 20 illustrating some of the 
cambered sections we have referred to above, the velocity distributions at both extremes of the low drag 
range are shown. It will be observed that in the condition of large camber and small thickness the velocity 
rise over the rear portion of the bottom surface due to the camber load distribution can negate the velocity 
drop at the termination of the designed region of favourable pressure gradient, especially at high CL; 
as a result the actual extent of the region of favourable gradient can extend over practically the whole 
of the undersurface---literally the whole chord if the trailing edge is cusped. (This particular effect is 
ignored in the tabulations of Appendix III, where it is the designed extent of the region which is listed.) 
This effect manifests itself whether the reduction in thickness be due to reduction in the 'leading-edge' 
parameter 'a' (Fig. 18) or in the design range of incidence (i.e. parameter 'e' of the identifier G U ab-ode) .  
It is enhanced by a forward movement of the position of maximum thickness, so that (aided by the decrease 
of thickness involved) it can be brought about by decrease in the parameter 'e' (Fig. 19). 

This effect is the primary reason for choosing the position of the break in the camber load distribution 
to coincide with the termination of the region of favourable pressure gradient. For if the former were 
taken further aft, then in this condition of high camber and small (but not zero) thickness, there would 
exist two successive regions of alternating favourable, then unfavourable, pressure gradient over the 
undersurface, which does not seem to be a satisfying arrangement. It would of course be nicely avoided 
by using a uniform load line, but this of course has no reality outside the realm of thin aerofoil theory. 

It will be appreciated that no cambered aerofoils of this family exist with a zero parameter 'a', as the 
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change from top to bottom surface camber load distribution takes place over the region of the surface 
where the leading edge modification takes place (which has an extent proportional to the parameter 'a'). 
If this had to take place discontinuously, there would be a singularity (in fact, a logarithmic spiral) in 
the surface contour at the leading edge, and the same would happen at the trailing edge if a uniform 
camber load distribution extended over the whole chord. One can go a long way towards the limit a = 0, 
however, without distorting the section shape, as is shown in Fig. 21, which also illustrates another 
aerofoil with a long run of nearly flat undersurface--the GU 25-5(11)8 section, which has been the subject 
of tunnel tests 4. 

4.5. Comparison with the NACA 6-Series of Sections. 
Enough has been said about the cross-coupling of camber and thickness effects to make it clear that 

there is no basis of comparison available between the theoretical characteristics of the cambered sections 
of the NACA 6-series and GU aerofoils, since the former have mean lines derived from thin aerofoil 
theory, and there is no exact theoretical calculation readily available of their aerodynamic characteristics. 

However a fairly refined method of calculation was adopted for the derivation of the thickness dis- 
tribution a, and of the resulting velocity distribution, of the NACA sections, which leads to an estimate of 
their low drag range of CL. This is shown in Figure 22. Here we compare it with the low drag range of CL 
for a particular family of symmetrical aerofoils of the GU-series, these having a cusped trailing edge and 
the same thickness/chord ratio, the same nominal extent of favourable pressure gradient, and the same 
5 per cent chord ordinate as the corresponding NACA section. In all cases, it will be observed, the GU 
series has a larger low drag range (in theory, at least). This disparity grows with increase of thickness 
(though it is relatively largest for the thinnest aerofoils) and it also is particularly accentuated for the 
shorter extent of favourable pressure gradient (i.e. in the comparison of the 63-series with GU a0-30e 
sections). 

The 63-series in fact seems the odd one out of the NACA sections, having a thinner leading edge than 
is consistent with the other members of the NACA family, and a further back position of maximum 
thickness. This latter usually accords roughly with the position of the maximum thickness of the corres- 
ponding members of the GU family, but whereas GU a0-30e aerofoils are indeed thickest at about 0-3 
chord, the NACA 63-series have their maximum at 0.35 chord. 

The NACA sections do not correspond to aerofoils of the GU family with a fixed value of the parameter 
'a'; matching on the basis of equal (tJtm,x), produces values of this parameter of between 4 and 5 in the 
lower range of (t/c)---say, between 6 and 9 per centuand 2 and 3 at the higher end between 15 and 21 
per cent thickness/chord ratio. However, the 63-series correspond to a choice of the parameter 'a' between 
2 and 3 over the complete range of thickness. 

Most of the NACA modified A-series of sections (with a finite trailing-edge angle) appear to have a 
smaller low drag range, though there are exceptions in the middle range of (t/c) between 10 and 12 per 
cent. We have noted that the addition of a finite trailing-edge angle to the GU-series does not substantially 
alter their low drag range. 

The NACA aerofoils have been exhaustively tested in tunnels and flight, and have an excellent record 
which it is far from our intention--or indeed ability--to disparage on purely theoretical grounds. Rather 
it is this which encourages us to hope that the added sophistication of the Lighthill design method may 
reveal like advantages in experiment as well as theory. 
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0~1, g2 

~z 

C~t e 

0 

# 

X 

Xo = 

An, B., C. 

B2n 

CL 

CL2 

CLi 

CMo 

Dn, F., Gn 

E(x) 

F(x) 

G = 

U(x) 
S(x) = 

aO, al~ a 2 ) 
bo, bl ,  b2 

CO, C1, C2 

¢ 

eps 

fo, f ,f2 } 
go, 91, 92 

qo 

q'o = 

LIST OF PRINCIPLE NOTATION 

Incidence measured relative to zero lift line 

(al - a2)/2, half design range of incidence 

Upper and lower incidences of design range 

Zero lift incidence measured relative to chord line 

Parameter controlling chordwise extent of favourable pressure gradient 

Parameter controlling the leading-edge radius of curvature 

Trailing-edge angle 

Angular co-ordinate of the point on the unit circle onto which aerofoil is mapped 

Parameter controlling trailing-edge angle 

~l -F 0~ 2 

General angular co-ordinate 

Direction of surface velocity vector relative to 0 = 0 

z-½o 
½zc- ~z, the value of X satisfying equation (6) of Appendix II 

Defined by equation (2) of Appendix I 

Bernoulli Numbers 

Sectional lift coefficient 

CL at upper limit of design range 

Cz at mid-incidence of design range 

Sectional pitching-moment coefficient at zero lift 

Defined by equation (1) of Appendix I 

Function defined by equation (10) of Appendix I 

Function defined by equation (11) of Appendix I 

Function defined by equation (15) of Appendix I 

U (tan ~), defined by equation (17)of Appendix I 

Functions defined in equations (4), (5) and (6) of Appendix I 

Chord of any section 

Tolerance parameter of ALGOL procedure RM2112 

Functions defined in equations (4), (5) and (6) of Appendix I 

Surface speed at zero-lift incidence 

qo see (0/2) 
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q~ 

$ 

t5 

tmax 

X, y 

Xac 

X fay 

Xt 

Z = 

ZO 

Z.o 

Surface speed at incidence c~ 

Distance measured round aerofoil in direction of increasing 0 

Aerofoil thickness at 0.05c from leading edge 

Maximum aerofoil thickness 

Cartesian axes, origin at nose and x-axis along chordline 

Distance of aerodynamic centre from nose 

Extent of favourable pressure gradient on top surface 

Distance of position of maximum thickness from nose 

x + iy, complex co-ordinate 

Complex co-ordinate transformed by equation (8) of Appendix II 

Complex co-ordinate of aerodynamic centre 
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APPENDIX I 

Formulat ion o f  the Velocity Distribution. 

We endeavour here to describe how we construct a formal expression for the complex velocity. This 
will be composed of a sum of terms, namely 

Inqo - iz = ~ D. (Fn - iG.), say, (1) 

where D. is a real constant, and F.  and G. are functions of 0, such that G.(O) is the complex conjugate 
of F.(O). Further, we define 

f_: ;: A .  = ,, (O)dO,: B .  + iC.  = . (O)e ~° dO [2) 

and we shall have to satisfy the conditions 

Z A .  = Z B .  = E C .  = 0 (3) 
n 

compatible with the boundary conditions and the closure of the contour representing the aerofoil. 
We shall form the functions F and G from three basic functions, each of these being expressible as a 

function of a general angular variable ¢, say, and a parameter. We suppose that I ¢ I < re, but the analytic 
extension to other values may be performed in the usual way by supposing they are periodic functions, 
with period 2re. These basic functions and their conjugates and integrals will be here distinguished by 
lower-case symbols, and they are listed below. 

fo (qS, fl) = ½ sgn (q~)(cos ~b- 1 ) .  ½ sgn (q~- fl) (cos ~b- cos/3) + ( I -  cos fl) (~b/2n) 

9o (q~, fl) = ~ (cos i f -  1) In ] sin ½ q~[. ~ (cos ~b - cos fl) In [ sin ½ (4~- fl) [ + (fl/2n) sin ~b 

ao (fl) = sin f l - f i  cos fl 

7 [ / -~  i [exp {2ifi)- 1] bo(flj+iCo(fl) = ~ t 

(4) 

A = tn 12 cos (½ I 1- )1 

91 (~b, ~) = ½~b - F  [tan ~ tan (q~/2)] 

al  (~) = 4o~ In (cot ~)+2z~ U (tan ~) 

bl  (oO+icl (~) = zr cos 2~+2  sin 2~ In Itan ~1 

f2 (4 ~, ~) = ½ [sgn ~ + 4~) + sgn ( # -  q~)] In ]cot g tan I 

62 (4~, ~) - E  [tan (#/2) cot (q~/2)] 

a2 (#) - 2 ~  U [tan (#/2)] 

b2 (#) + ic2 (#) = - 2#  

(5) 

(6) 

1 5  • , 



Before proceeding with the discussion of the use of these functions, a definition of the functions E, F and 
U is called for, together with some explanation of how they may be computed. They are in fact all related 
to one function of a complex variable, which in turn is related to the dilogarithm and certain other less 
familiar transcendental functions; however this is less material in the present context tl~an a knowledge 
of their specific representations in terms of a real variable. The function F(x) is discussed, and tabulated, 
by Glauert 2. It is defined for x > 0 by 

c ~  

F(x) = - (2/n [(lnt)/(1 - tz)] dt, (7) 

from which we may deduce that, for x > 0, 

F(x) + F(1/x) = zr/2 (8) 

and its analytic extension for x < 0 appropriate to equation (5) is given by supposing it an odd function 
o fx  (that is, replacing/n t in the integrand of(7) by Inltli and'so 

F(x) = - F ( - x ) ,  (9) 

For Ix] < 1, we have, using (9), 

E(x) = (2/n) In I xl argtanh (x)+ F(x) = (2/re (l/t) argtanh t dt 

and there is a series expansion, convergent for Ix[ < 1, given by 

(10) 

E(x) = (2/~) E x 2"+ 1/(2n+ 1) 2 (11) 
n = 0  

The appropriate analytic extension to I xl > 1, relevant to the context of the use of E in equation (6), 
is obtained by replacing the argtanh by argcoth in (10), and then, we can deduce, consistent with equations. 
(8) and (9), that 

E(x) + E(1/x) = (r~/2) sgn (x) 

e (x )  = - E ( -  x) J" 
(12) 

The series expansion (11) is not sufficiently rapidly convergent for Ix I close to unity to be very suitable 
for numerical work. However, there also exists an expansion about x = 1, which is rather troublesome 
to derive (see Appendix IA); it converges for [ In x[ < 2n, and is given by 

E(x) = (~/4)+{l+Inl2/Inx I + ~ [(22"-l-1)Bz./n(2n+l)!](lnx)2.}(Inx)/z~, (13) 
n = l  

Again, another expansion valid for Ix] < 1 which is rather more rapidly convergent for small x is given 
by substituting t = tanh (u/2) in the integrand of (10); thus 
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~ 2  argtanh x 

7z E (x) = ['(2 - 2  2") B2,/(2n+ 1) ! ] (2 argtanh x) 2"+ 1 = Jo u cosech u du. 

n = O  

(14) 

In both (13) and (14), the B2. a r e  the Bernoulli numbers defined in the convention such that Bo = 1 and 

B2, = ( -  1) n+l 2 (2n) t ~ a  [-1/(2rcr)Z"] (n = 1, 2 , . . . . )  

r = l  

In our calculations, we have chosen to cover the interval 0 < x < 1 by expansions (11) and (13), using 
(12) to obtain values of E(x) outside this interval; the evaluation of F can then conveniently be made 
using equation (10). Finally, we note that 

f 
x 

U (x) = (2/zr) (l/t) arctan t dr, 
jo 

(15) 

whence we see that U(x) = E(ix)/i, and corresponding to (11) we have the expansion convergent for all 
x, in the form 

o o  

U (x) = (Z/n) ~-n. [ ( -  1)" x 2"+ ~/(2n+ 1)z]. (16) 

n = O  

Tlais is a rather slowly converging series, and the expansion corresponding to (14) is to be preferred, 
namely, 

S(cO=U(tan2)=~[-(-1)"(2-2")Bz./(2n+l)!]~2"+l/n. (.0~] < n). 
n = O  

(17) 

We do not have to calculate U for large values of its argument; however, it is not difficult to verify that 

] 
U ( x ) -  U(1/x) = In x , for x > 0 | 

S ( e ) - S ( r c - e ) = l n  t an~ , for ~ > e  .>0 

(i8) 

whilst clearly U(x) and S(x) are odd functions of x. Thus it is only necessary in numerical work to evaluate 
sufficient terms of (17) to provide the desired accuracy with I c~l < n/2. 

Noting that all other  terms of the equations (4), (5) and (6) involve only elementary functions, let us 
return to the use of the functions fo, f t  and f2 in describing the required form of In qo. Each of these 
functions is continuous (though not their derivatives) in I~b I < n, and moreover their values at ~b = _+ n 
are equal, so that they are continuous periodic functions. The function f l  in the combination 

0 0 

f o r ~ i + ~  2 < 0 < n+~ l -F~  2 

f o r ~ l + ~ 2 - - n  <; 0 < ~i+0~2 

(19) 
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can be recognised as the fundamental distribution of logarithmic velocity used in the Lighthill method 
of direct design at incidence, in which the 'upper' surface velocity is prescribed at an incidence cq, and 
that of the 'lower' surface at incidence e2. 

The term f2 is one form of relationship which permits the introduction of a trailing edge angle. Thus, 
rf2 (0,/~) has a conjugate Z -- W2 (0, #) which (by equation (12)) can be shown to involve a discontinuity 
rn in g at 0 = 0, the trailing edge. 

The functionfo is useful in various combinations: thus 

fo (0, - fl)-fo (0, fl) = sgn (fl) (cos f i -  cos 0), for ]01 ~< ]fl[ l 
(20) 

= 0 elsewhere 

represents (as shown in Figure 1 A) a reduction of velocity towards the trailing edge which for thin aerofoils 
is almost linear with chordwise distance, and has been frequently used in combination with the distribution 
(19) to produce a 'rooftop' velocity distribution. Again, the periodic function 

7 1 fo (0 + n - a + 7, 7) cosec2 ~ -  ~ [fo (0, fl) +fo (0, - fl)] cosec z 

=.  l + c  for fi < 0 < n + a - 7  

= 1 + c -  (cos 0 -  cos/~)/(1 - cos/3) f o r O < O < f l  

= - 1 +c-t-(cos O-cos  fl)/(l - c o s  fl) for - f l  < 0 < 0 (21) 

= - l + c  for - n + o -  < 0 < - f i  

= 1 + c - 2  [cos ( 0 - a + 7 ) +  1]/(1-cos 7) for - n + a - 7  < 0 < - n + a  

where c = (7 -  ~r)/n, 

provides a continuous velocity distribution with a different constant velocity over a region of both upper 
and lower surfaces (Fig. 1B), corresponding to a camber with a (partly) uniform load line, in the terms of 
thin aerofoil theory. Finally, we note that the function 

fo (q~ + 7, 7)-fo (q~- 7, - 7) = syn (Y) [cos (I q~l-I~1)- x3 + ~ (a - cos 7)/~, for I < I'/I l 
(22) 

J = ? (1 -cos  ?)/n for > 

provides a decrement in velocity over a confined region of the aerofoil surface (Fig. 1C) with a discon- 
tinuous change in velocity gradient (at 4~ = 0), and so can be used to eliminate the discontinuity in this 
gradient which otherwise exists close to the leading edge (due to the form of equation (19)), which in 
turn would produce a logarithmic singularity in leading-edge curvature. 

Accordingly, we compose a distribution of logarithmic velocity in the following forin : 

6 

(o)  2 lnq'o = I n  qo/COS~ - D , F , , ( O ) = D o f l ( O - a , % ) + D l f o ( O  , 

tl=0 

+ D2 fo (0, - f l )  + D 3 fo (O + n - a  + ~, 7)+94 fo (O + n - a -  7, - 7 ) +  

+ Ds f2 (0, #) + D 6 

(23) 
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and the series of conjugates G, (0) will be the value of X' (say) where 

z ' =  z - ½ 0  - 
6 
Z D, G, (0) = Do gl ( 0 - a ,  ~0)+D1 90 (0, fl) . . .  &c. (24) n=0 

If we now place 

D 0  ~ --1 
D1 + D2 = - [ ( s in  ½ 7)/(sin ½ fl)]2 (D 3 + D4) 

(25) 

then we are left with 5 unknown coefficients D,, describing a velocity distribution compounded of the 
three functions (20), (21) and (22), the 'trailing edge' term (6), and a constant scaling factor. The equations 
(3) provide three relations among these constants, which can be expressed, with the help of (4), as 

ao (13) (D 1 - D2) q- a 0 (])) (D 3 - D4) q- a 2 (#) D 5 = al (~o) + 2~z (In 2 -  D6) ] 

I 

bo (fl) (D1 - D 2 ) +  ½ [sin V cos a - V  cos (6-y) ]  O 3 + ½ EV COS (6 + V ) -  sin y cos 6] D4-  2p D~ 
= b l t~o) cos 6 - n  (26) 

Co (/3) (DI+D2)+½ [-sin 7 sin 6 - 7  sin ( a -y ) ]  D3+½ IV sin (G+7)-s in  7 sin a] D4 
= bl (So) sin a 

The condition that there is no discontunity in velocity gradient at the 'leading edge' 0 = _+ rc + 6, gives 
the equation 

(D 3 -De)  sin V = cot % (27) 

and this together with equations (25) and (26) serves to determine 6 of the 7 coefficients D,. Some condition 
can therefore finally be invoked to impose a choice of trailing-edge angle, which (as we have seen) is 
equal to reDs. 

However, allowing D 5 to remain as an independent parameter for the moment, we can observe that 
the coefficients D1, D2, D 3 and 0 4 c a n  be calculated from (25), (26) and (27) quite simply by the successive 
steps : 

(D 3 - D4) = cot So cosec  V 

(D 3 q- D4) = X s in  cr/sin z ~- 
2 

(D1 +D2) = . - X  sin 6/sin 2 
2 

(28) 

Finally, the value of D 6 c a n  then be calculated (in terms of Ds) from the first of the equations (26). It will 
be observed that if the aerofoil is uncambered, then 6 = 0, and D1 = - D 2  and D 3 = -D4  from which 
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it is easily verified from equation (23) that log qo is an even function of 0-- that  is, the same on both top 
and bottom surfaces. 

The value of So is equal to half the design range of incidence (that is, (cq -c~2)/2 in equation (19)) and is 
generally a small angle, and 7 is half the range of angle over which the leading-edge velocity term (equation 
(22)) is taken to be variable--and this in turn is usually also a small angle. Thus we see from (27) that 
(D 3-134) tends to be large, so that both D3 and D4 may be large (compared with unity) but of opposite 
sign: approximately they equal _+ l/2cq,. However, if 7 is small  equation (22) shows that lhe increment 
to In qo from this term is approximately 

-(14'[-lTI)=t (4 c~ 0 y) = -7 (1 - I ~ t ~  I) t (4 e0) 

with a maximum value of 7/4%. Here we have used q5 in place of ( 0 + ~ - ~ )  and in the neighbourhood 
of ~b = 0, if % is small, the term DoF o (0) in (23) varies as - In (2% + ]~b ]) so that in combination, the 
behaviour of the logarithmic derivative of velocity increment is seen to be described approximately by 

-(q~/2C~o) [( l /7)- l / (2e0+l~b[)  ] for Iq l < 

without any discontinuity. In order that the modification introduced should not be disproportionate, 
we see that (7/%) should be in general of order unity, and so it seems natural to define the extent of the 
leading-edge modification by a parameter G = "Hen. In particular, for G = 2 the second derivative in 
velocity increment is zero at q5 = 0; for G > 2 the increment to the velocity distribution becomes double- 
peaked with maxima at [q S] = ( G -  2) % and a minimum at q5 = 0. For values of G greater than approxi- 
mately 5, the minimum at ~b = 0 is less than the value at [q~[ = 7. These maxima and minima in the 
incremental velocity do not show in the total velocity distribution which is dominated by the term 
cos (0/2). 

In considering the magnitude of the trailing-edge angle, and the value of # in equation (6), we note that 
the increment in the surface slope 00 produced by the term OsFs(O ) is exactly halved at [~b[ = p, since 
from { 12), E( + oc) = zr/2, whereas E( + 1) = ~/4. Thus to obtain a trailing edge which is, roughly speaking, 
wedge shaped, it is convenient to arrange that it has the same slope at ]0[ = p as at the trailing edge 
(0 = 0). On an aerofoil with camber (or ~ 0), the value of [Z[ is different on the top and bottom surfaces 
at 0 = ± !~. whereas of course on a symmetric aerofoil, X is equal and opposite at these two positions. 

Consequently, we take 

xI0:0+ -xI0=o- =xl0=.- 10 =-. (29) 

Now, from (28), the introduction of non-zero/ t  increments D 1 and D 2 by opposite amounts, and from 
equations (23) and (4), the resulting term in [-go (0, fl) - go (0, -/3)] is an odd function of 0; further, ex- 
cluding the trailing-edge term DsG5(O), the value of X is continuous through 0 = 0 (i.e. the trailing edge 
is cusped). Thus (29) can be rearranged as an explicit expression for the trailing-edge angle (or Ds), namely 

[ 4 
2# {[G,(-la)-G,(#)]/bo(B)}- D 5 = E D.ID~= o [ G . ( p ) - G . ( - # )  ] +/~ (30) 

n=O (0) 
where the additional t e r m . . .  + p  arises from the complex conjugate of In cos ~ , which appears on 

the left hand side of equation (23). Generally, we would not want the trailing-edge term to interfere with 
the constant velocity distribution which exists over the lower surface between 0 = - /3  and - ~  + ~ + 7 
at an incidence e2, or that which exists over the upper surface for/3 < 0 < 7 c + ~ - 7  at incidence c~1. 
Thus, since from (6), the value of F 5 (0) vanishes for ]q~[ > kt, it seems pertinent to restrict/~ to be less 
than/3. The smaller/~ is chosen within this limitation, the smaller will be the corresponding trailing edge 
angle. 
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APPENDIX IA 

A Derivation of  the Expansion of  Equation (13) of Appendix I 

Starting with the identity defining the Bernoulli numbers: 

oo 

( x c o t h x - 1 ) / x  = X [22kB2k/(2k)[]X 2k-1 (Ixl < 2Z0 
k = I  

we perform a term-by-term integration from x = 0 to x -- t, say. We then obtain 

f( t)  = In [(sinh t)/t] = 

If we formf( t ) -2f( t /2) ,  this becomes 

co 

Z, [2 zk-1 B2k/k(2k)!] t 2k (It[ < 2re). 
k = i  

In [(t/4) sinh t cosech 2 ( t / 2 ) ]  = In 2 + In coth 2 = 1~ [ ( 2 2 k -  1 - -  1) B2k/k ( 2 k ) ! ]  t 2k. 
k = l  

But In coth (t/2) = 2 argtanh (e'), so that if we place t = In y, then evidently for [!n y[ < 2~ we have 

09 OC 

(2/gy) argtanh y = (1/z~y) {ln (2~In y) + X [(22k- 1 _ 1) B2k/k (2k)!3 (In y)2k} 
k = l  

Performing another term-by-term integration with respect to y from y = 1 to x, the result of equation 
(13) of Appendix I follows, since by equation (10) of that Appendix the integral of the left hand side is 
then E(x)-E(1),  and E(1) = n/4 by equation (12). 
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APPENDIX II 

Arrangement of  the Computation. 

1. Calculation of the Aero[oil Profile. 
In deriving the velocity distribution in Appendix I, it was convenient to regard ]01 < 7~ so that 0 

varies continuously from -7r to + ~. In seeking the aerofoil profile, we have to integrate its slope with 
respect to the distance round the profile, and because of the possible discontinuity in X at the trailing 
edge, it is more convenient to start and finish integration at the trailing edge. Thus we henceforward 
regard 0 as defined between 0 and 2~ and denote by [0] the 'principle part '  of 0 such that ][8]] < ~. 
As is shown in References 1 and 2, distance round the profile measured in the direction of increasing 
0 is given by 

<0) /[ ( 0)] (0) 
ds = 2]sinO[dO/q o = 4 sin~ dO qo sec~ = 4 sin~ dO/q; (1) 

Now the direction of the velocity vector, Z, is sensed in the direction of flow (i.e. in the negative s direction) 
from 0 -- n to 0 = 0 on the top surface, and from 0 = ~z to 0 = 2n (in the positive s direction) on the 
lower surface. Thus 

[(0)] 
dz = dx + idy = - sgn ([8]) exp (ix) ds = - exp ~ Z + ~ ds (2) 

If the trailing edge is taken as the origin of the z-plane, we find from (1) and (2) upon integration that 

' f o ( 0 ) ( 0 )  , ; o ( 0 ) ( 0 )  - x = 4  - sln~ cos Z '+~ (dO~q;), ~ y = -  sin~ sin X'+~ (dO/q;), (3) 

For  a thin aerofoil, lnqo and ~ are both small so that approximately x is equal to 2(cos 0 -  1). As numerical 
integration in less accurate than function evaluation, it is therefore preferable to evaluate not x, but 

0 0 
(4) 

It will be noted that (l/q;) is non-singular except at the trailing edge where, however, sin (8/2) = 0, and 
the integrand is zero at both 0 = 0 and 0 = 2n. 

Generally, the closure of the aerofoil profile (i.e. the return ol x and y to zero at 0 = 2n) is an adequate 
check on both the accuracy of the integration process, and (at a coarser level) on the correctness of evalua- 
tion of the velocity distributlon. In the testing phase, it is as well, however, to check numerically that 
the integrals of Inqo and Z, with respect to 0 from 0 to 2n, also vanish. The integration of lnqo is awkward 
because of its logarithmic singularities, and it destroys the point of the exercise to extract them. We note 
however that 

whence we determine that 

~0 =~ qo exp (_  iz) dO = 2n 

qo cos ~ cos Z'+ dO = 2n (5) 
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This serves to check the evaluation of D 6 in equation (23) of Appendix I, which otherwise could be in 

error without revealing itself in the closure condition. (See also Appendix IV, Para. 2, page 70). 

2. Change of Axes. 

The profile thus calculated has its trailing edge at the origin, and is in the zero-lift attitude for a free 
stream parallel to the x-axis. For the purpose of tabulating the ordinates it is more convenient to refer 
them to a chord line joining the leading and trailing edges, the former being defined as that point on the 
profile most distant from the latter. To.find the leading edge, it is necessary to solve the equation. 

- arctan (y/x) = ~z/2. (6) 

This brings us up against the general problem of how best to interpolate the values of (x, y) found by 
the process of integration. The quadrature process used is an adaptive one, wherein the size of each 
discrete step of the integration (with respect to 0) is tested by comparing the results of Simpson's rule 
with a double application of the trapezoidal rule to the same three values of the integrand. If the difference 
between these two values is outside specified limits, the step size is halved or doubled to bring the difference 
with'in limits. At the end of each such step, the values ofx  and y are recorded along with the corresponding 
value of 0, (the size of step in 0 being arranged where possible to keep 0 expressible as an integral number 
of degrees). Also recorded are the corresponding values of X, from which (by equation (2)) the derivatives 
of x and y with respect to 0 are immediately calculable. Consideration of the accuracy implicit in various 
interpolative schemes applied to the data for x and y as functions of 0 shows that simple two-point 
Hermite interpolation (the two values of 0 chosen of course to embrace the value at which the interpolate 
is needed) has an accuracy entirely compatible with the integration process adopted. More sophisticated 
methods, with a built-in convergence test, can certainly provide apparently better accuracy, but this is 
of little importance where--as here--the data interpolated are already degraded in accuracy. 

Stated more precisely, if s(O) is used to mean either x(O) or y(O), then the integration process is such 
that the step size A0, if small, satisfies an inequality of the form 

~/8 < Is'" (o)l A03/16 < ~. 

The error in the increment s (0 + AO) - s(O) is then 

AO 5 sV(0)/2880 

and the cumulative error in s(O) of order ~4/3 i f s  g (0) is in general bounded. (A precise size can be determined 
from the error in the closure condition). Now the additional error introduced by two-point Hermite 
interpolation of s(O) between 0 and 0 + A0 is less than 

AO 4 s Ire (0)/384 

and this is again of order e 4/3, and compatible with the cumulative inaccuracy of s(O). The same could be 
said of four-point Lagrangian interpolation, but clearly Hermite interpolation (which employs the 
values of s'(O), which are evaluated exactly) is in fact preferable. 

With values of x and y interpolated in this way, equation (6) can be solved by an interative method. 
(We use a method based on Regula Falsi). The chord of the aerofoil (c) can then be determined, which 
enables the calculation of the lift coefficient 

CL = (8n/c) sin ~ (7) 

of the aerofoil at any chosen incidence (c~) above zero lift. The axes are then rotated, the origin removed 
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to the leading edge, and the axes scaled down by a factor (J [c), so that the trailing edge is at the point (l, 0).
If the original axes are now denoted by subscript 0, the transformation is quite simply

(8)
Pm

where c, is the zero lift incidence of the transformed profile (and is usually negative for a positively cam­
bered section). It follows further that

(9)

where evidently Xo = 1l/2-cx= is the value of X satisfying equation (6), so that Zo = e exp [i(1l-a::)] at
the leading edge.

If ordinates are to be calculated at prescribed values of x, the same interpolation scheme as suggested
above is, in general, employed. Thus the value ofa corresponding to the prescribed value of x is determined
iteratively using the Hermite interpolate for x, and the Hermite interpolate of y can be immediately
computed. The search [or, and calculation of, maximum thickness and camber require the use of similar
interpolation techniques, though as these properties are only required for descriptive purposes, accuracy
considerations are relatively less important.

3. Pitchinq-Moment Characteristics.

As shown in Reference I, the pitching-moment coefficient at zero lift is

f

r2rr e71

C.wo = -(4/c2
) Jo Ine« sin 2(} de = (4Ic2

) Jo Xo cos 28 s«. (to)

The second (theoretically identical) integral is preferred for numerical work as it avoids the problem of
the logarithmic singularities in lnqoat the stagnation points. The value of this integral is clearly unaffected
by the transformation (5), and it is immaterial whether or not the convention is introduced whereby X
has a discontinuity (of n) at (} = n. The co-ordinate of the aerodynamic centre in the original axis system
is given by

I r1lt

Zo = 21l J0 [zo - I +2ix exp (2iO)] d8 .

A differentiation by parts, and some rearrangement of the integrand yields the more conven ient expression

1 I J2lt d ( Ie) i f21f

( 8) 3- zo= -- 8- -z+sin2 - de+- t+- exp(2i8)d8- -
4 21l 0 de 4 2 4n 0 2 4

(1 I)

which can be integra ted along with (3), (4)and (10), and afterwards (8)can be used to find the aerodynamic­
centre position in the transformed system of axes. In both (10) and (1l) we may observe that

elf r2•( e) (2ft
Jo Xo(cos28ld8= Jo XO+2" (cos28)d&= -2

Jo
Xosin 2(}dB

and the latter integrand is preferable for numerical quadrature.
For a symmetric aerofoil. Yo and of course CMo vanish. and from (1J) we can deduce that
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A P P E N D I X  I I I  

Geometric and Aerodynamic Characteristics of Aerofoils of the GU-Series. 

Part 1--Symmetric Sections. 

Lists characteristics of  720 aerofoils designated GU ah--cde where 

a = 0(2)6 

b = 1(2)5 

e = 3(1)7 

e = 2 ( 2 ) 8  

Part 2--Cambered Sections. 

List characteristics of  720 aerofoils designated GU ab- -ede  where 

a = 2(2)6 

b = 1(2)5 

e = 3(1)7 

d = 2(2)8 

e = 2(2)8 

In each par t  the parameters  are in numerical  order. In Par t  2 the tabulat ion extends over two facing 
pages. 
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APPENDIX III, Part 1 

THICKNESS T.E. EXTENT MAX.THICKNESS LIFT 
AEROFOIL AT O.05c ANGLE FAV.GRAD. (per POSITION CURVE 

(percent (deg) (percent cent (percent SLOPE 
of max.) chord) chord) chord) (/deg) 

GU 01-302 246.1 3.1 29.0 6.0 30.8 0.1124 
GU oi-3o24 245.7 24.9 28.4 9.8 30.5 o.117 
GU O1-306 44.6 6.3 27.9 12.9 30.2 O.119 
GU 01-308 2424.8 7.24 27.5 15.5 29.9 0.121 

GU oi-402 241.4 3.7 38.7 6.5 36.1 0.1124 
GU O1-404 40.9 6.0 38.0 10.7 35.8 O.118 
GU 01-2406 240.8 7.7 37.4 124.2 35.5 0.120 
OU 01-2408 40.8 9.1 36.8 17.1 35.2 0.122 

GU 01-502 39.7 24.6 248.5 7.0 40.4 0.115 
GU 01-5024 39.1 7.5 47.6 11.6 40.3 O.118 
GU O1-506 38.9 9.7 47.0 15.24 40.1 0.121 
GU 01-508 38.8 11.6 246.4 18.7 39.9 0.1224 

GU oi-6o2 36.3 6.0 58.4 7.3 ~4.3 o.115 
GU oI-6O~ 36.7 9.7 57.5 12.3 244.3 0.119 
GU 01-606 36.24 12.7 56.7 16.3 2424.2 0.122 
GU 01-608 36.2 15.2 56.1 19.9 2424.2 0.125 

GU 01-702 36.1 8.2 68.4 7.8 47.6 o.116 
GU 01-704 35.3 13.24 67.5 13.0 247.9 0.120 
GU 01-706 34.6 17.6 66.7 17.3 248.1 0.1224 
GU O1-708 324.3 21.2 66.2 21.2 48.2 O.127 

GU 03-302 245.5 5.1 29.1 6.1 31.24 o.114 
GU o3-3o24 45.1 8.1 28.5 9.9 31.1 o.117 
GU 03-3o6 44.1 1o.5 28.1 13.1 30.8 o.12o 
GU 03-308 44.2 12.5 27.7 15.7 30.6 0.122 

GU O3-402 41.O 6.0 38.8 6.6 36.7 O.115 
GU 03-404 40.5 9.7 38.1 10.9 36.4 0.118 
GU 03-2406 40.3 126. 37.6 14.4 36.1 0.121 
GU 03-408 40.3 15.o 37.1 17.3 35.8 o.123 

GU O3-502 39.3 7.3 48.6 7.1 41.1 O.115 
GU 03-504 38.6 11.9 47.8 11.8 41.0 O.119 
GU 03-5o6 38.3 15.5 47.2 15.6 40.8 0.122 
GU 03-508 38.2 18.6 46.7 18.9 40.7 o.124 

GU o3-6o2 36. o 9.2 58.6 7.4 45. O O. 116 
GU 03-604 36.2 15.1 57.7 12.4 45.1 o.119 
GU 03-606 35.9 19.8 57.1 16.6 45.1 O.123 
GU o3-6o8 35.7 23.7 56.5 20.2 45.1 o.126 

GU 03-702 35.7 12.1 68.6 7.9 48.3 0.116 
GU 03-704 34.8 20.0 67.8 13.2 48.7 0.120 
GU O3-706 34.1 26.3 67.2 17.6 49.0 O.124 
GU O3-7O8 33.9 31.7 66.7 21.5 49.2 O.128 

LOW DRAG A.C. 
UPPER POSITION 

CL (percent 
LIMIT chord) 

0.11 25.6 
O .23 25.9 
0.36 26.3 
0.248 26.6 

o.11 25.8 
0.224 26.3 
O.36 26.7 
O. 249 27. I 

0.11 26.0 
o.24 26.7 
0.36 27.2 
o.~9 27.7 

O.12 26.2 
o. 224 27. I 
o.37 27.8 
0.50 28.~ 

0.12 26.5 
o.24 27.5 
o. 37 28.24 
o.51 29.2 

0.11 25.6 
o.23 26. I 
o. 36 26.5 
o. 249 26.8 

0.11 25.9 
0.24 26.24 
0.36 26.9 
0.49 27.3 

0.12 26. I 
0.24 26.8 
o. 36 27.24 
0.50 28.0 

O. 12 26.3 
0.224 27.2 
o. 37 28. o 
o. 50 28.7 

0.12 26.6 
0.24 27.7 
0.37 28.7 
o.51 29.5 
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A P P E N D I X  III, Part  1 

THICKNESS 
AEROFGIL AT O.05c 

(percent 
of max.) 

GU 05-302 45,2 
GU 05-304 ~4.8 
GU O5-306 43.8 
GU 05-308 43.9 

GU o5-~o2 40.8 
GU o5-4o~ 40.2 
GU 05-406 40.I 
GU O5-408 40.I 

GU 05-502 39.1 
GU 05-504 38.4 
GU 05-5O6 38.1 
GU 05-508 38.O 

GU O5-602 36.0 
GU 05-604 36.1 
GU O5-6O6 35.7 
GU 05-608 35.5 

GU 05-702 35.6 
GU 05-704 34.8 
GU O5-706 34.1 
GU O5-708 33.8 

au 21-302 47.o 
Gu 21-3o~ 46.4 
GU 21-3o6 4 4 
Qu 21-3o8 

au 21-402 42,4 
au 21-404 42.7 
GU 21-4o6 43.5 
GU 21-408 44.3 

GU 21-502 40.7 
GU 21-504 4O.8 
GU 21-5o6 41.4 
GU 21-508 ~2.1 

GU 21-602 37-3 
GU 21-604 38.3 
GU 21-606 38.9 
GU 21-6o8 39.5 

GU 21-702 367.0 
GU 21-704 • 9 
GU 21-706 37.0 
GU 21-708 37.6 

T.E. EXTENT MAX.THICKNESS 
ANGLE FAY.GRAD. (per POSITION 
(deg) (percent cent (percent 

chord) chord) chord) 

6.1 29.1 6,1 31 
9.8 28.6 10.O 31[ U 

12,7 28.2 13.2 31,3 
15.1 27.8 15.9 31,2 

7.2 38.9 6.7 37.1 
11.6 38.2 11.o 36.9 
15.1 37-7 14.6 36.6 
18.o 37.3 17.6 36.3 

8.6 48.7 7.2 41.6 
14.o 48.0 11.9 ~1.5 
18.3 47.4 15.8 41.4 
21.9 46.9 19.2 41.2 

1o.6 58.7 7.4 45.5 
17.4 57.9 12.6 45.6 
22.8 57.5 16.8 45.7 
27.4 56.8 2o. 5 45.8 

13.6 68.7 7.9 48.8 
22.3 68.o 13.3 49.2 
29.5 67.5 17.8 49.6 
35.5 67.o 21.8 49.9 

3,2 28,9 6,3 3o ,6 
5,2 28,2 10,5 3o,1 
68. 27.6 13.9 29.6 
8.o 27.0 16.9 29.1 

3.9 38.6 6.9 35.9 
6.3 37.7 11.4 35.4 
8.2 37.0 15.2 35.o 
9.8 36.3 18.6 34.5 

4.8 48.4 7.4 40. I 
17"9o4 , ,74 124 398  

46.6 16.6 39.5 
12,~. 45.8 20,3 39,1 

6.2 58.3 7.6 44.0 
1o.3 57.2 13.1 43.7 
13.5 56.4 17.6 43.7 
16.3 55.6 21.6 ~3.~ 

8.5 68.3 8.2 47.3 
14.2 67.5 13.8 47.5 
18.7 66.4 18.6 47.6 
22.7 65.7 23.0 47.5 

LIFT LOW DRAG A.C. 
CURVE UPPER POSITION 
SLOPE CL (percent 
(/deg) LIMIT chord) 

0.11~ 0.11 25.7 
O.118 0,24 26,2 
0,120 0.36 26.6 
0,122 0,49 27.0 

o.115 o.11 25.~ 
o.118 o.2~ 26. 
0.121 0,36 27,1 
o.123 o.49 27.5 

o.115 0,12 26,2 
0,119 0.24 26.9 
o.122 0.37 27.6 
o.125 o.5o 28,2 

0.116 0.12 26.4 
0.120 0,24 27,4 
o.123 0.37 28.2 
o.126 o.51 28.9 

o.116 o.12 26.7 
o,121 o,24 27,8 
o,125 o,37 28,9 
o,128 o,51 29,8 

o,114 O, l l  25,5 
o,118 0,24 25,9 
0.120 0.36 26.2 
0.123 0.49 26.5 

O.115 0.11 25,8 
0,118 0,24 26,3 
o.121 o.36 26.7 
O.12~ 0.50 27.0 

0,115 0,12 26,0 
0,119 0,24 26,7 
o.122 o.37 27.2 
o.125 o.5o 27.7 

o.116 o.12 26.2 
o.12o 0.24 27.1 
o.124 o.37 27.8 
o.127 o.51 28.4 

o.116 o.12 26.5 
o.121 0.24 27.6 
o.125 o.37 28.5 
o.129 o.51 29.3 
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AEROFOIL 
THICKNESS 
AT O.05c 
(percent 
o f  max.) 

T . E .  
ANGLE 
(deg) 

APPENDIX III, Part l 

EXTENT MAX.THICKNESS LIFT 
FAV.GRAD. (per POSITION CURVE 
(percent cent (percent SLOPE 
chord) chord) chord) (/deg) 

LOW DRAG A.C. 
UPPER POSITION 

CL (percent 
LIMIT chord) 

GU 23-302 46.5 5.3 29.0 6.4 31.2 O.115 O.11 25.6 
GU 23-304 46.9 8.6 28.3 1o.6 30.7 O.118 0.24 26.0 
GU 23-306 46.8 11.3 27.7 14.1 30.3 0.121 0.36 26.4 
GU 23-308 47.8 13.5 27.2 17.1 29.7 0.123 0.49 26.7 

GU 23-402 42.0 6.3 38.7 6 ~ 36.5 0.115 0.11 25.9 
GU 23-404 42.2 10.3 37.9 I [ 35.9 O.119 0.24 26.4 
GU 23-406 43.0 13.5 3~.2 15.5 35.5 0.122 0.37 26.9 
GU 23-4o8 43.8 16.2 3 .5 18.8 35.2 0.125 0.50 27.3 

GU 23-502 40.2 ~ ~ 48.5 7-5 40.8 O.115 0.12 26.1 
GU 23-504 40.3 I [ ~ 6 12.5 40.6 O.119 0.24 26.8 
GU 23-506 4O.9 16.6 [8 16.8 4O.2 O.123 O.37 27.4 
GU 23-508 41.6 19.9 46.2 20.6 39.8 O.126 0.50 28.0 

GU 23-602 37.0 9.6 58.5 7-7 44.7 O.116 o.12 26.3 
GU 23-604 37.9 15.9 5~.5 13.2 44.5 0.120 0.24 27.3 
GU 23-606 38.4 21.O 5 .7 17.8 44.5 O.124 0.37 28.0 
GU 23-608 39.0 25.4 56.1 21.9 44.3 O.128 0.51 28.7 

GU 23-702 36.6 12.6 68.5 8.2 48.0 0.116 0.12 26.6 
GU 23-70~ 36.4 21.O 67.6 14.0 48.2 0.121 0.24 27.8 
GU 23-706 36.6 27.9 66.9 18.~ 48.4 0.126 0.38 28.8 
GU 23-708 37.1 33.8 66.3 23. 48.4 o.130 0.52 29.7 

GU 25-302 46.1 6.4 29.0 6.4 31.6 O.115 O.11 25.7 
GU 25-304 46.5 10.4 28.4 10.7 31.2 O.118 0.24 26.2 
GU 25-306 ~6.5 13.6 27.8 14.3 30.9 0.121 0.36 26.6 
GU 25-308 47.4 16.3 27.3 17. 4 30.5 0.124 0.49 26.9 

41.7 
42.0 
42.7 
43.5 

GU 25-402 
GU 25-404 
GU 25-406 
GU 25-408 

7-5 38.8 7.O 36.9 O.115 O.12 25.9 
12.3 38.0 11.7 36.5 O.119 0.24 26.6 
16.1 37.4 15.7 36.0 0.122 0.37 27.1 
19.4 36.8 19.1 35.5 o.125 0.50 27.5 

GU 25-502 40.0 ~[o 48.6 7.5 41.4 0.116 o.12 26.2 
GU 25-504 40.0 1 8 47.8 12.7 41.2 0.12o 0.24 27.0 
GU 25-506 40.6 19.5 47.1 17.0 40.8 0.123 0.37 27.6 
GU 25-508 41.3 23.5 46.4" 20.9 40.6 O.I~7 O.51 28.2 

GU 25-602 36.9 11.1 58.6 7.8 45.2 O.116 O.12 26.4 
GU 25-604 37.7 18.3 57.7 13.~ 45.1 O.121 0.24 27.4 
GU 25-606 38.2 24.2 ~; 18.1 45.1 O.125 0.37 28.2 
GU 25-608 38.8 29.3 ]~ 22.3 44.9 o.128 o.51 29.0 

GU 25-?02 
GU 25-704 
GU 25-706 
GU 25-708 

36.6 
36.4 
36.5 
37.0 

14.1 68.6 8.3 48.5 0.117 0.12 26.7 
23.5 67.8 14.2 48.8 0.122 0.24 27.9 
31.2 67.2 19.1 49.0 0.126 0.38 29.0 
37.9 66.7 23.7 49.0 O.130 0.52 29.9 
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THICKNESS T.E. 
AEROFOIL AT 0.05c ANGLE 

(percent (deg) 
of max.) 

GU 41-302 49.6 3.7 
GU 4.1-304. 51.2 6.2 
GU 41-306 54.O 8.2 
GU 4.1-308 56.9 10.O 

GU 41-402 45,O 4,5 
GU 41-404. 4.7.3 7.4. 
GU 41-406 50.0 9-9 
GU 4.1-4o8 52.7 12.1 

GU 41-502 43.2 5.5 
GU 4.1-5o4 45.3 9,2 
GU 4.1-5o6 4.7.7 12.4. 
GU 4.1-5o8 50.3 15.1 

GU 4.1-6o2 4.0.9 7.1 
GU 41-6o4. 42.8 11.9 
GU 41-6o6 45.1 16.o 
GU 41-6o8 47.5 19.7 

GU 41-702 39.5 19.6 
GU 41-7o4. 41,3 .4. 
GU 4.1-7o6 4.3.2 22,O 
GU 4.1-708 4.5.4. 27.1 

GU ~3-302 4.9.1 6.1 
GU 4.3-304. 50.6 10.2 
GU 43-306 53.4 13.5 
GU 43-308 56.3 16.5 

GU 4.3-4.02 4.4.6 7.2 
GU 4.3-404. 4.6.9 12.o 
GU 43-4.o6 4.9.5 16.1 
GU 43-4.08 52.1 19.6 

GU 43-5o2 4.2. 
4s-so4 

GU 4.3-506 47.2 19.6 
GU 43-5o8 49.6 2~.1 

GU 43-6o2 39.6 10. 9 
GU 4.3-6o4. 42.3 18.~ 
GU 4.3-606 4.4..6 24..8 
GU 43-608 4.7.0 30.4. 

GU 4.3-702 39.1 14.3 
GU 43-704 40.8 24.2 
GU 43-706 42.7 32.7 
GU 43-7o8 44.9 40.3 

APPENDIX III, Part 1 

EXTENT MAX.THICKNESS LIFT 
FAV.GRAD. (per POSITION CURVE 
(percent cent (percent SLOPE 
chord) chord) chord) (/deg) 

28.6 7,2 30.1 o.115 
2~.5 12.5 29.1 o,12o 
26 • 5 17.o 28,1 0.123 
25.5 21.1 27.1 0.127 

38.3 7.9 35,4. o.116 
37.0 13.6 34.4 0.120 
35.8 18.5 33.4 0.125 
34.7 23.2 32.6 o.129 

48.1 8.4 39.6 o.116 
4.6.7 14..6 38.7 o.121 
4.5.5 2o.1 37.9 0.126 
4.4..3 25.2 37.1 o.13o 

58.0 8.8 4.3.3 o.117 
56.5 15.4. 4.2.6 0o122 
55.3 21.3 42.0 0.127 
54.1 26.9 41.4 o.133 

68.0 4.6.6 ,117 
66.7 I~ "3 o • 3 4.6.3 o.123 
65.5 22.6 4.5,9 o.129 
64..4. 28.7 ~5.5 O.135 

28.7 7.3 30.7 0.116 
27.7 12.6 29.7 o.120 
26.7 17.2 28.9 0.124 
25.8 21.5 27.9 0.128 

38,4 8.0 35.9 o.116 
37.2 13.7 35.1 O.121 
36.1 18.8 34..2 0.125 
35.0 23.6 33.2 o.13o 

4.8.2 8.5 40.2 0.116 
46.9 14..8 39.5 0.122 
4.5.8 20.4 38.7 0.127 
44.7 25.7 37.9 o.131 

58.1 8,8 4.4.,O O,117 
56.9 15.6 4.3.6 0.123 
55.7 21.6 4.3,o O.128 
54.7 27.4. 4.2.4. o.134. 

68.2 9.4 4.7.4 O.118 
67.0 16.5 4.7.1 0.124 
66.0 22.9 46.9 o.13o 
65.2 29.2 46.5 O.136 

LOW DRAG A.C. 
UPPER POSITION 

CL (percent 
LIMIT chord) 

0,12 25.5 
O.24 25.9 
O. 37 26. I 
0.51 26.4 

0.12 25.8 
O. 2/I 26.3 
0.37 26.6 
o.51 27.o 

o. 12 26.0 
0.24 26.7 
o.38 27.3 
0.52 27.8 

o. 12 26.3 
o.24 27.2 
o.38 28.0 
0.53 28.7 

o, 12 26.6 
0.25 27.8 

o ,39 28.8 
o. 54 29.8 

o.12 25.6 
o.24 26.0 
0.37 26.4 
o.51 26.7 

0.12 25.9 
0.24. 26.5 
0.38 26.9 
0.52 27.3 

0.12 26.1 
0.24 26,9 
0,38 27.6 
O. 53 28.2 

o.12 26.4 
o.25 27.4 
0.38 28.3 
o. 53 29. I 

o.12 26.7 
0.25 28.0 
0.39 29.1 
O. 54. 3o. 2 
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A P P E N D I X  III, Part  1 

AEROFOIL 
THICKNESS T.E. EXTENT MAX.THICKNESS 
AT 0.O5c ANGLE FAV.GRAD. (per POSITION 
(percent (deg) (percent cent (percent 
Of max.) chord) chord) chord) 

ou 45-302 48.7 
GU 45-3o4 5o.3 
GU 45-306 53.o 
GU 45-308 55.8 

GU 45-4o2 44.3 
GU 45-404 46.6 
GU 45-4o6 49.1 
Gu 45-4o8 51.8 

GU 45-502 42.5 
GU 45-504 44.5 
GU 45-506 46.9 
GU 45-508 49.3 

GU 45-6O2 39.5 
GU 45-6O4 42.1 
GU 45-606 44.4 
GU 45-608 46.7 

GU 45-702 39.1 
GU 45-7O4 40.7 
GU 45-706 42.5 
GU 45-708 44.7 

GU 61-3o2 53.3 
GU 61-3o4 57.8 
GU 61-306 62.9 
GU 61-308 67.7 

GU 61-4o2 48.7 
GU 61-4o4 53.9 
GU 61-406 58.9 
GU 61-408 63.6 

GU 61-5o2 46.8 
GU 61-5o4 51. 
GU 61-506 56.1 
GU 61-508 61.O 

GU 61-6o2 44.5 
GU 61-604 49.2 
GU 61-606 53.7 
GU 61-608 58.3 

GU 61-702 43.O 
GU 61-7o~ 47.2 
GU 61-706 51.6 
GU 61-708 56.O 

7.3 28.7 7.4 31.2 
12.2 27.8 12.8 30.3 
16.3 26.8 17.5 29.5 
19.9 25.9 21.8 28.5 

LIFT LOW DRAG A.C. 
CURVE UPPER POSITION 
SLOPE CL (percent 
(/deg) LIMIT chord) 

O.116 O.12 25.7 
0.120 0.24 26.2 
O.125 0.37 26.6 
0.129 0.51 26.9 

8.5 38.5 8.1 36.3 o.116 o.12 26.0 
14.3 37.3 13.9 35.5 o.121 o.24 26.6 
19.2 36.3 19.1 34.6 0.126 0.38 27.1 
23.5 35.3 23.9 33.8 0.130 0.52 27.6 

10.2 48.3 8.6 40.7 0.117 0.12 26.2 
17.2 47.1 15.O 40.0 O.122 0.24 27.1 
23.1 46.0 20. 7 39.5 0.127 0.38 27.8 
28.3 45.o 26.1 38.7 o.132 0.53 28.5 

12.5 58.3 8.9 44.6 O.117 O.12 26.5 
21.2 57.1 15.8 44.1 O.123 O.25 27.6 
28.6 56.0 22.0 43.6 O.129 0.39 28.5 
35.1 55.1 27.8 43.0 O.134 O.54 29.4 

15.9 68.4 9.5 47.9 o.118 o.12 26.8 
27.1 67.3 16.7 47.7 o.124 o.25 28.2 
36.6 66.4 23.2 47.5 o.131 0.39 29.4 
45.1 65.6 29.6 47.3 0.137 0.55 30.6 

4.5 28.1 8.8 29.3 0.117 0.12 25.5 
7.8 26.4 15.9 27.5 O.123 O.25 25.8 
10.6 24.7 22.4 25.8 0.129 0 39 26.0 
13.2 23.1 28.8 24.2 o.135 o154 26.3 

5.4 37.7 9.6 3~.4 o.117 o.12 25.8 
9.3 35.8 17.2 32.8 o.124 0.25 26.2 
12.7 33.9 24.4 31.2 0.131 0.39 26.6 
15.8 32.1 31.5 29.3 o.137 0.55 27.1 

6.6 47.5 IO.2 38.3 o.118 o.12 26.1 
11.5 45.5 18.5 37.1 o.125 o.25 26.8 
15.7 43.5 26.4 35.5 o.132 0.4o 27.5 
19.6 41.7 34.3 34.0 o.14o 0.56 28.2 

8.5 57.4 IO.7 42.2 o.119 o.12 26.4 
14.7 55.4 19.5 41.o o.126 0.25 27.4 
20.2 53 ~ 28.0 39.5 O.134 0.40 28.3 
25.3 51[ 36.6 38.3 0.143 O.57 29.4 

11.5 67.5 11.2 45.3 O.119 0.12 26.8 
20.0 65.b 20.6 44 ~ 0.128 0.26 28.1 
27.6 63.9 29.8 43[ O.137 0.41 29.4 
3~ .5 62.3 39.2 42.6 o.146 O.59 30.8 
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A P P E N D I X  III, Par t  1 

THICKNESS 
AEROFOIL AT 0.05c 

(percent 
of max.) 

GU 63-3o2 52.7 
GU 63-30/4 57.2 
GU 63-306 62.3 
GU 63-308 67.1 

GU 63-/402 48.2 
GU 63-/4O/4 53./4 
GU 63-/406 58.3 
GU 63-/408 63.O 

GU 63-5o2 46.3 
GU 63-504 51.1 
GU 63-506 55.8 
GU 63-5O8 60.4 

GU 63-602 ~4.O 
GU 63-604 /48.6 
GU 63-606 53..I 
GU 63-6O8 57.6 

GU 63-702 42.6 
GU 63-70~ 46.7 
GU 63-706 51.1 
GU 63-708 55./4 

GU 65-302 52.4 
GU 65-304 56.8 
GU 65-306 61.9 
GU 65-308 66.6 

GU 65-4o2 48.0 
GU 65-/4o/4 53.0 
GU 65-4o6 57.~ 
GU 65-408 62.6 

GU 65-502 46.1 
eu 65-5o/4 50.8 
GU 65-5O6 55.4 
GU 65-508 60.0 

GU 65-602 /43.8 
GU 65-60/4 48./4 
GU 65-606 52.9 
GU 65-608 57.3 

GU 65-702 /42.5 
GU 65-704 /46.6 
GU 65-706 50.9 
GU 65-708 55.1 

T. E. EXTENT MAX. THICKNESS LIFT 
ANGLE FAV.GRAD. (per POSITION CURVE 
(deg) (percent cent (percent SLOPE 

chord) chord) chord) (/deg) 

7.3 28.2 8.9 29.7 o.117 
12.7 26.5 16.1 28.3 O.124 
17.3 24.9 22.8 26.6 O. 130 
21.6 23.3 29.3 25.0 O.136 

I/4.9 36.0 33.4 o.125 
20.5 34.2 . 31.6 o.131 
25.5 32.5 32.1 30.1 o. 138 

lO./4 ~7.7 lO.3 39.1 o.118 
18.1 /4 5.8 18.8 37-9 O.126 
2/4.8 /43.9 26.8 36.3 0.133 
31 .O /42.2 34.9 3/4- 8 O. 141 

13.O 57.6 10.8 43.O O.119 
22.6 55.8 19.8 41.8 O.127 
31 .I 54.0 28.5 40.6 O.136 
38.9 52.4 37.4 39.5 O.14/4- 

16.9 67.8 11 ./-1. 46.1 o.12o 
29.6 66. 1 20.8 /45.5 0.129 
/40.8 64.6 30.3 /4~.5 o.138 
51 .I 63.3 40.0 43.7 o.148 

8.8 28.3 9 0 3o.1 0.117 
15.2 26.7 I~ 13 28.7 0.12/4 
20.8 25.1 23.1 27.0 O. 130 
26.0 23.5 29.8 25.8 O.137 

1o.2 38.0 9.8 35.5 o.118 
, j  7 3 6 2  17.7 34 o o 125 

~3 3/4.5 25.2 32.4 o.132 
3o.3 32.8 32.7 3o.9 o. 139 

12.2 /47.8 1o.5 39.8 o.118 
21.2 46.0 19.0 38.5 0.126 
29.1 /44.3 27.3 37.1 0.134 
36. 3 42.6 35.6 35.5 o. 142 

14.9 57.8 10.9 /43./4 O.119 
26.o 56.0 20.0 /42.6 o. 128 
35.8 54.4 29.0 /41.4 o.136 
/44.8 52.9 38.1 40.2 O. 146 

18.9 68.0 11.5 46.9 0.12o 
33. I 66./4 2 I .  I /46. I O. 129 
~5.6 65. I 30.7 45.3 O. 139 
57.2 6/4.o 4o.7 4/4.5 o. 150 

LOW DRAG A.C. 
UPPER POSITION 

CL (percent 
LIMIT chord) 

0.12 25.6 
0.25 26.0 
0.39 26.3 
o. 54 26.7 

0.12 25.9 
o.25 26.5 
0.39 27.0 
o. 55 27.6 

o.12 26.2 
o.25 27.o 
o.4o 27.8 
o. 56 28.7 

0.12 26.5 
0.25 27.7 
o.41 28.7 
o. 58 29.9 

o.12 26.9 
0.26 28.4 
o.41 29.9 
o.59 31.5 

o.12 25.7 
o.25 26.2 
o. 39 26.6 
o. 55 27. o 

0.12 26.0 
O.25 26 -7 
o. 4o 27.3 
o. 56 27.9 

O.12 26.3 
o.25 27.2 
o .  4o 28.1 
o. 57 29.1 

o.12 26.7 
o.26 27.9 
0.41 29.1 
o. 58 3o.4 

o. 12 27.0 
0.26 28.6 
O.42 30.2 
0.60 31.9 

31 



APPENDIX Ill, Part 2 

THICKNESS 
AEROFQIL AT 0.05c 

(percent 
of max.) 

GU 21-322 #,6.5 
GU 21-324 46.6 
GU 21-326 #,7.4 
GU 21-328 #,8.5 

OU 21-342 46.4 
eu 21-34#, #,6.8 
GU 21-346 4 .6 
OU 21-3#,8 4~.5 

GU 21-362 47.2 
GU 21-364 47.4 
GU 21-366 48.0 
GU 21-368 48.7 

OU 21-382 48.2 
GU 21-38/4 /48.3 
OU 21-386 48.6 
OU 21-388 /49.1 

GU 21-#,22 42.7 
GU 21-/424 43.0 
GU 21-426 #,3.7 
GU 21-#,28 #,#,.6 

GU 21-4#,2 43.2 
GU 21-#,#,#, #,3.#, 
GU 21-446 #,3:~ 
GU 21-#,#,8 44 

eu 21-#,62 4#,.I 
GU 21-#,64 4#,.O 
GU 21-#,66 44.3 
GU 21-468 #,4.9 

GU 21-#,82 ~5.2 
GU 21-48~ 44.8 
GU 21-486 #,4.9 
GU 21-488 ~5.3 

GU 21-522 40.3 
GU 21-524 4o.#, 
OU 21-526 40.9 
GU 21-528 41.6 

GU 21-5#,2 #,0.8 
OU 21-544 40.8 
OU 21-546 /41.2 
eu 21-5#,8 41.8 

T.E. EXTENT DF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

3.2 29.8 27.9 
5.2 29.0 27.3 
6.8 28.3 26.8 
8. I 27.7 26.3 

3.2 30.7 26.8 
5.3 29.8 26.3 
6.9 29. I 25.9 
8.2 28.#, 25.5 

3.2 31 .#, 25.6 
5.4 30.5 25.3 
7- I 29.8 25.0 
8.6 29. I 2/4.7 

3.1 32.2 2/4.3 
5,#, 31.2 2/4.1 
7.2 30.5 2/4.0 
8.8 29.8 23.8 

3.9 39.5 37.7 
6.3 38.5 36.9 
8.3 37.7 36.2 
9.9 37.o 35.6 

3.9 #,0.3 36.7 
6.#, 39.3 36.0 
8.3 38.5 35.3 
1o.o 37.8 34.8 

3.9 #,I .o 35.6 
6.5 #,0.0 35.0 
8.6 39.2 34.5 

IO.#, 38.5 3#,.o 

3.8 41.7 3/4.5 
6.5 40.7 33.9 
8.8 39.9 33.5 

Io.7 39.2 33.1 

/4.8 4.9.2 47.6 
#,8.2 #,6.6 
#,7.3 #,5.8 

12.5 46.6 #,5.1 

4.8 50.0 #,6.7 
8.0 48.9 #,5.8 
1o.5 #,8.1 #,5.0 
12.6 #,7.3 44.3 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

f .4 35.6 
I .3 3#,.7 
I .2 34.3 
I .I 34.5 

2.9 34.8 
2.6 34.2 
a.#, 3#,.2 
2.2 34.2 

#,.3 3/4.4 
4.0 3#,.2 
3.Z 3#,. I 
3. 34. I 

55:Z 345 
34.2 

5.0 3#,.o 
4.6 34.0 

I .5 39.5 
i .#, #,2.8 
1 .3 /4-I .9 
I .2 #,I .2 

3 .O 39.6 
2.7 43.5 
2.6 #,2.6 
2.~ 41.8 

/4.5 39.5 
#,.2 39.6 
3 -9 43.2 
3.6 42.5 

6.0 39.4 
5.6 39.6 
5.2 #,3.9 
4.9 43. I 

I .5 4#,.8 
I .4 46.o 
1.3 47.3 
I .3 47.0 

3.o #,5.2 
2.8 45.7 
2.7 #,7.o 
2.5 47.2 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

6.2 30.8 
IO.#, 3o.2 
13.8 29.7 
16.8 29.2 

6.2 31.2 
1o.3 30.5 
13.8 29. 
16.7 29.~ 

6.1 31.7 
1o.3 30.8 
13.7 30.2 
16.6 29.7 

5.9 32.4 
1o.1 31.3 
13.5 30.6 
16.5 30.0 

6.8 36.0 
11 .~4 35.5 
15.2 35.0 
18.6 3/4.5 

6.8 36.3 
11 .#, 35.6 
15.2 35.1 
18.5 34.6 

6.6 37.2 
11.2 35.9 
15.O 35.2 
18.#, 3#,.6 

6.11 38.5 
11 .O 36.5 
I#,.9 35.5 
18.2 3#,°9 

7.3 #,0.3 
12.3 #,o.o 
16.#, 39.6 
2o. I 39.3 

7.2 40.5 
12.2 40. I 
16.4 39.7 
20. I 39.4 
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AEROFOIL 
ZERO LIFT 
LIFY CURVE 

INCIDENCE SLOPE 
(deg) (/deg) 

APPENDIX III, Part 2 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

LOWER DESIGN UPPER 
LIMIT LIMIT 

GU 21-322 -1.0 0.115 0.11 0.23 0.3~ 
GU 21-324 -1 .0  0.118 0.00 0.24 0.47 
GU 21-326 -0.9 0.120 -0.12 0.24 0.60 
GU 21-328 -0.8 0.123 -0.25 0.25 0.74 

GU 21-342 -2.1 0.115 0.34 0.46 0.57 
GU 21-344 -2 .0  0.118 0.24 0.47 o.71 
GU 21-346 -1 .8  O.120 O.12 O.48 0.84 
GU 21-348 -1 .7  0.123 0.OO 0.49 0.98 

GU 21-362 -3.2 0.115 0.57 
GU 21-364 -3.0 0.118 0.47 
GU 21-366 -2.7 0.120 0.36 
GU 21-368 -2.5 0.123 0.25 

0.69 0.80 
0.71 0.94 
0.72 1.o8 
0.74 1.22 

GU 21-389. -~.2 0.115 0.80 0.92 1.03 
GU 21-384 -4 .0  0.118 0.71 0.94 1.17 
GU 21-386 -3.7 0.121 0.60 0.96 1.32 
GU 21-388 -3.5 O.123 0.49 O.98 1.46 

GU 21-422 -1.2 o.115 O.11 0.23 0.34 
GU 21-424 -1.1 O.118 0.OO 0.24 0.47 
GU 21-426 -1 .0  0.121 -0.12 0.24 o.61 
GU 21-428 -o.9 o.124 -o.25 0.25 0.74 

GU 21-442 -2.3 0.115 0.34 0.46 0.57 
GU 21-444 -2 .2  o.118 0.24 0.47 0.71 
GU 21-~46 -2 .0  0.121 0.12 0.49 0.85 
GU 21-448 -1 .9  0.124 0.00 O.5O 0.99 

GU 21-462 -3.5 0.115 0.57 0.69 0.80 
GU 21-464 -3.3 0.119 0.47 0.71 0.95 
GU 21-466 -3.1 O.122 0.36 0.79 1.0~ 
GU 21-468 -2.9 o.124 0.25 0.74 1.2 

GU 21-482 -4.6 0.115 0.81 0.92 1.03 
GU 21-484 -4.4 0.119 0.~ 0.95 1.18 
GU 21-486 -4.1 0.122 O. 0.97 1.33 
GU 21-488 -3.9 O.124 0.50 0.99 1.48 

- 1 . 2  0.115 0.12 
-1 .2  0.119 0.00 
-1.1 0.122 -0.12 
-1.O O.125 -0.25 

GU 21-522 
GU 21-524 
GU 21-526 
GU 21-528 

0.24 0 
o.24 0.61 
0.25 0.75 

GU 21-542 -2.5 0.115 0.35 0.46 0.58 
GU 21-544 -2.3 0.119 0.24 0.48 0.71 
GU 21-546 -2.2 O.123 O.12 0.49 0.86 
GU 21-548 -2.1 O.126 O.OO 0.50 1.OO 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

25.5 0.5 
25.9 0.5 
26.2 0.5 
26.5 0.4 

25.5 I .I 
25.9 I .o 
26.2 I .o 
26.5 0.9 

25.5 1.6 
25.9 I .6 
26.2 I .6 
26.5 I .5 

25.5 2.2 
25.9 2.2 
26.2 2. I 
26.5 2.1 

25.8 0.5 
26.3 o.5 
26.7 0.5 
27.0 0.5 

25.8 1 .o 
26.3 I .o 
26.7 I .o 
27.0 0.9 

25.8 1:65 
26.3 1 
26.7 I .5 
27.0 I. 5 

25.7 2.1 
26.2 2. I 
26.7 2.1 
27. I 2.0 

26.0 0.4 
26.6 0.4 
27.2 0.4 
27.6 0.4 

26.0 0.9 
26.6 0.9 
27.2 0.9 
27.7 0.8 

PITCHING 
MOMENT 
COEF. 

-0.020 
-o.o18 
-0.017 
-o.o15 

-o. 040 
-o.o36 
-o.o33 
-0.030 

-0.060 
-0.054 
-o.o5o 
-0.046 

-o.o81 
-o.o73 
-o.o66 
-o.o61 

-o. 024 
-o. 022 
-O. 020 
-o.o19 

-o. 047 
-0.043 
-o.o4o 
-0.038 

-0.071 
-0.065 
-o.o6o 
-o. 056 

-o. 095 
-0.087 
-o. o81 
-0.075 

-0.027 
-o. 025 
-0.o23 
-o. 022 

-0.054 
-o.o51 
-0.047 
-0.045 
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AEROFOIL 
THICKNESS 
AT O.O5c 
(percent 
of max.) 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

MAX.CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

GU 21-562 41.7 4.8 50.7 45.8 4.5 46.1 7.1 40.9 
GU 21-564 41.3 8. I 49.6 44.9 4.3 a5.4 12. I 40.3 
GU 21-566 41.5 10.8 48.8 44.2 4.0 46.5 16.3 39.8 
GU 21-568 42.0 13.0 48.1 4-3.5 3.8 47.1 20.0 39.5 

GU 21-582 42.8 4.8 51.4 44.8 6. I 46.7 6.8 41.8 
GU 21-584 42. I 8.2 50.4 44.O 5.7 ~5.8 11.9 40.6 
GU 21-586 42.1 10.9 49.5 43.3 5.4 46.0 16.1 4o.1 
GU 21-588 42.4 13.3 48.8 42.7 5.1 46.8 19.8 39.6 

GU 21-622 38.5 6.2 59.0 57.6 1.5 49.4 7.7 44.0 
GU 21-624 38.4 IO.3 57.9 56.5 1.4 49.3 13.O 43.9 
GU 21-626 38.8 13.6 57. I 55.6 I .3 50.9 17.5 43.7 
GU 21-628 39.4 16.4 56.3 54.8 1.3 56.1 21.5 43.5 

GU 21-642 39.O 6.2 59.7 56.8 3.0 48.4 7.6 44.2 
GU 21-644 38.8 10.3 58.7 55.7 2.8 49. I 13.O 44.0 
GU 21-646 39.1 13.7 57.8 54.8 2.6 5o.5 17.5 43.8 
GU 21-648 39.6 16.5 57.1 54.1 2.5 56.0 21.5 43.6 

GU 21-662 39.7 6.3 60.4 56.0 4.5 48.1 7.5 4~.5 
GU 21-664 39.2 10.5 59.J4 54.9 4.2 49.0 12.8 2%4.2 
GU 21-666 39.3 14.O 58.6 54. I 4.0 50.3 17.3 43.9 
OU 21-668 39.7 16.9 57.8 53.3 3.8 56.8 21 .h 43.7 

GU 21-682 40.7 6.2 61 .O 55.2 6.O 48.0 7.3 45. I 
GU 21-684 39.9 10.6 60.1 54.1 5.7 48.8 12.6 44.5 
GU 21-686 39.8 14. I 59.3 53.3 5.4 50. I 17.2 44.2 
GU 21-688 40.0 17.2 58.6 52.5 5. I 52.3 21.2 43.9 

GU 21-722 36.8 8.5 68.9 67.7 1.5 51.1 8.1 47.4 
GU 21-724 36.7 14.2 67.9 66.6 1.4 52.2 13.7 47.5 
GU 21-726 36.9 18.8 67.1 65.7 1.3 57.1 186. 47.6 
GU 21-728 37.5 22.7 66.4 65.0 1.2 60.8 22.9 47.6 

GU 21-742 37.2 8.5 69.5 67.0 2.9 51.O 8.0 47.5 
GU 21-744 37.0 14.2 68.6 65.9 2.7 52.2 13.7 47.7 
GU 21-7~6 37.2 18.9 67.8 65.0 2.6 58.1 18.5 47.7 
GU 21-748 37.6 22.9 67.2 64.3 2.4 57.6 22.9 47.6 

GU 21-762 38.0 8.6 70.2 66.4 4.4 5O.9 7.9 47.8 
GU 21-764 37.4 14.4 69.3 65.3 4. I 52.0 13.5 ;47.8 
GU 21-766 37.5 19.1 68.5 64.3 3.9 59.1 18.4 47.8 
GU 21-768 37.8 23.3 67.9 63.6 3.7 58.6 22.8 47.8 

GU 21-782 38.9 8.6 70.8 65.8 5.8 50.8 7.6 48.3 
GU 21-784 38.0 14.5 69.9 64.6 5-5 51 .~ 13.4 48.1 
GU 21-786 37.8 19.3 69.3 63.6 5.2 j~.~ 18.2 48.0 
GU 21-788 38. O 23.6 68.7 62.8 5.O 58.3 22.6 47.9 

34 



APPENDIX III, Part 2 

AEROFOIL 

GU 21-562 
GU 21-564 
GU 21-566 
GU 21-568 

GU 21-582 
GU 21-584 
GU 21-586 
GU 21-588 

GU 21-622 
GU 21-624 
GU 21-626 
GU 21-628 

GU 21-642 
GU 21-644 
GU 21-646 
GU 21-648 

GU 21-662 
GU 21-664 
GU 21-666 
GU 21-668 

GU 21-682 
GU 21-684 
GU 21-686 
OU 21-688 

GU 21-722 
GU 21-724 
GU 21-726 
GU 21-728 

GU 21-742 
GU 21-744 
GU 21-746 
ou 21-748 

GU 21-762 
GU 21-764 
GU 21-766 
GU 21-768 

SU 21-782 
GU 21-78~ 
GU 21-786 
GU 21-788 

ZERO LIFT LOW DRAG RANGE OF 
LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

-3.7 0.116 0.58 0.69 0.81 
-3.5 o. 119 0.48 o.71 o.95 
-3.3 o.123 0.37 0.73 1.1o 
-3.2 o. 126 0.25 0.75  1.25 

-5 .o  0.116 o.81 0.92 1 .o4 
-4-7 O. 120 0.72 0.95 1.19 
- 4 . 5  o.123 o.61 o.98 1.34 
- 4 . 3  o. 126 o. 50 1. DO 1.50 

-1.4 0.116 O.12 0.23 0.35 
-1 -3 0.120 0.00 0.24 0.48 
-1 .2  o.124 -o.12 0.25 0.62 
-1.2 O.127 -0.25 0.25 0.76 

-2.7 o. 116 0.35 0.46 o. 58 
-2 .6  o. 12o 0.24 o.48 0.72 
-2 .5  O. 12/4 O. 12 0.49 0.86 
-2.3 o. 127 o.oo o.51 I .oi 

-4.1 0.116 0.58 0.69 0.81 
-3.9 O.120 0.48 0.72 0.96 
-3.7 o. 124 0.37 0.74 1.11 
-3.6 o. 127 0.25 0.76 I .26 

-5.4 O.116 O.81 0.93 1.04 
-5.2 O. 120 0.72 0.96 I .20 
-5.0 O. 124 0.62 0.99 I .36 
-4 .8  o.127 o,51 1.Ol 1.52 

-1 -5 0.116 0.12 0.23 0.35 
-1.4 O. 121 0.00 0.24 0.48 
-1 .4  o.125 -0.13 0.25 0.62 
-1 .3  0.129 -o.26 0.26 0.77 

-2 .9  0.116 O.35 0.46 O.58 
-2 .8  o. 121 0.2/4 0.48 0.72 
-2.7 O. 125 O. 13 0.50 0.87 
-2.6 O. 129 o.oo o.52 I .o3 

-4.4 O.116 0.58 0.70 O.81 
-4.3 O. 121 0.48 0.73 0.97 
-/4. I o. 125 0.38 0.75 I. 12 
-4.0 o. 129 0.26 0.77 1.28 

-5.9 0.117 O.81 0.93 1.o5 
-5.7 o.121 0.73 0.97 I .21 
-5.5 0.125 0.63 I .oo 1.37 
-5.3 O. 129 o. 52 I. O3 1.54 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

26.0 I .3 
26.7 1.4 
27.2 1.4 
27.7 1.3 

26.0 1.8 
26.7 I .9 
27.2 I .9 
27.7 I .8 

26.3 0.4 
27. I 0.4 
27.8 0.4 
28.5 o.4 

26.3 0.8 
27. I 0.8 
27.9. o.8 
28.5 0.8 

26~3 I. I 
27.2 1.2 
27.9 I .2 
28.6 I .2 

26.3 I .5 
27.2 I .6 
28.0 1.7 
28.6 1-7 

26.6 0.2 
27.6 0.2 
28.5 0.2 
29.4 o.2 

26.6 0.5 
27.6 0.6 
28.6 0.6 
29.4 o. 5 

26.6 o.9 
27. 28"67 0.9 0.9 
29.5 0.9 

26.6 1.2 
27.7 I .2 
28.7 I .3 
29.5 1.2 

PITCHING 
MOMENT 
COEF. 

-O. 082 
-0. 076 
-o.o71 
- o . o 6 7  

-o.11o 
-o. I o2 
-0.095 
-o. o9o 

-O.O32 
-0.030 
-o. 028 
-o. 027 

-0.064 
-o.o6o 
-0.057 
-o. o54 

-o.096 
-0.09o 
-0.086 
-o.o82 

-O. 128 
-o. 121 
-o.115 
-0. IO9 

-0.037 
-o.o36 
-o.o35 
-o. 034 

-o. 074 
-o.o71 
-o. 069 
-0.067 

-o.111 
-o. IO6 
-o. lO3 
-0. IOO 

-O. 147 
-o. I~tl 
-0. 137 
-o. 132 
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THICKNESS T.E. 
AEROFOIL AT O.05c ANGLE 

(percent (deg) 
of m x . )  

GU 23-322 /46.0 5.3 
OU 23-324 46.1 8.6 
GU 23-326 46.9 11.3 
GU 23-328 /47.9 13.5 

GU 23-342 46.0 5.2 
GU 23-344 46.3 8.5 
GU 23-346 47.1 11.2 
GU 23-3/48 47.9 13.4 

GU 23-362 46.8 5.0 
GU 23-364 /46.9 8.4 
GU 23-366 47.4 11.1 
GU 23-368 48.1 13./4 

GU 23-382 /47.7 4.8 
OU 23-38~ 47.7 8.2 
GU 23-386 48.0 11.o 
OU 23-388 /48.5 13.4 

GU 23-422 42.2 6.3 
GU 23-~2/4 42.6 10.3 
GU 23-426 /43.2 13.5 
GU 23-/428 /44.1 16.2 

GU 23-4/42 /42.7 6.2 
GU 23-444 42.9 10.2 
GU 23-446 43.5 13./4 
GU 23-/448 44.1 16.1 

GU 23-462 43.6 6.0 
GU 23-/464 /43.5 10.1 
GU 23-466 43.8 13.4 
GU 23-/468 /44.3 16.1 

GU 23-482 /44.6 5.8 
GU 23-484 44.3 1o.0 
GU 23-/486 44.4 13.3 
GU 23-488 4/4.7 16.2 

GU 23-522 39.9 7.6 
GU 23-524 39.9 12.6 
GU 23-526 40.5 16.5 
GU 23-528 41.3 19.9 

GU 23-542 /40.3 7.6 
GU 23-5/4/4 40.4 12.5 
GU 23-546 40.7 16.5 
GU 23-548 41.3 19.9 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

29.9 28.0 
29.1 27.4 
28.5 26.9 
27.9 26.4 

30.7 26.9 
29.9 26.4 
29.2 26.0 
28.6 25.7 

315 25:1 
30.7 25 

29.3 .8 

32.2 24.4 
31.3 24.2 
3o. 6 2/4.1 
3o.o 23.9 

39.6 37.8 
38.7 37.0 
37.9 36./4 
37.3 35.8 

/40.4 36.8 
39.5 36. I 
38.7 35.5 
38.0 35.0 

/41. I 35.7 
40.2 35. I 
39.4 34.6 
38.7 3/4.2 

41.8 34.5 
/4o.9 34. I 
4o. I 33.7 
39.4 33.3 

48.4 
47.6 /46. I 
46.9 /45.4 

50. I 46.8 
/49. I 46. o 
/48.4 45.3 
/47.7 44.7 

MAX. CAMBER MAX. THICKNESS 
(per POSITION (per POSITION 
cent (percent cent (percent 
chord) chord) chord) chord) 

I .4 35.7 6.3 31.3 
1.3 34.9 1o.6 3o.8 
1 2  3 4 4  1 4 o  3 0 3  
1.1 34.6 17.1 29.9 

2.9 34.8 6.3 31.7 
2.6 34.3 1o.5 31 .o 
2.4 34.2 14.0 30.5 
2.2 34.4 17.0 30.1 

4.3 34.4 6.2 32.2 
4.0 34.3 10.4 31.3 
3:Z 34.2 13.9 30.8 

34.2 16.9 30.3 

5.7 34.5 6.0 32.7 
5.3 34.3 10.2 31.8 
5.0 34.1 13.7 31.1 
4 .6 34.1 16.7 3o.6 

1.5 39.5 6.9 36.6 
1.4 43.0 11.6 36.1 
I .3 42.2 15.5 35.6 
1.2 41.4 18.9 35.2 

3.0 39.6 6.8 36.9 
2 7  43 .7°  11.5 36.1 
2.6 42.8 15.4 35.6 
2.4 42.1 18.8 35.2 

4.5 39.5 6.7 37.8 
4.2  39 .7  11.4 36.5 
3-9 43.5 15.3 35.8 
3.6 42.7 18.7 35.3 

6.0 39.3 6.5 39.1 
5.6 39.7 11.2 37.2 
5.3 39.8 15.1 36.3 
4.9 43.4 18.5 35.6 

I .5 44.7 7.4 40.9 
I .4 45.8 12.4 40. 7 
I .3 47.4 16.7 40.4 
1.2 47.2 20.5 40.1 

3.0 45.3 7.3 41.2 
2.8 /45.5 12.4 40.8 
2.6 /47.0 16.6 40.5 
2.5 /47.4 20./4 40. I 
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AEROFOIL 
ZERO LIFT 
LIFT CURVE 

INCIDENCE SLOPE LOWER 
(deg) (Ideg) LIMIT 

GU 23-322 -1.0 0.115 0.11 
GU 23-324 -1.0 o.118 o.oo 
GU 23-326 -0.9 o.121 -o.12 
GU 23-328 -0.8 o.123 -0.25 

GU 23-342 -2.1 O.115 0.34 
GU 23-344 -2.0 0.118 0.24 
GU 23-346 -1.8 O.121 O.12 
GU 23-348 -1.7 o.123 o.oo 

GU 23-362 -3.2 0.115 0.57 
GU 23-364 -3.0 o.118 0.47 
GU 23-366 -2.8 O.121 0.36 
GU 23-368 -2.6 0.123 0.25 

GU 23-382 -4.2 0.115 0.80 
GU 23-384 -4.0 0.118 0.71 
GU 23-386 -3.7 0.121 0.60 
GU 23-388 -3.5 0.123 0.49 

GU 23-422 -1.2 O.115 O.11 
GU 23-424 -1.1 O.119 O.0O 
GU 23-426 -1.O 0.122 -O.12 
GU 23-428 -0 .9  o.125 -0.25 

GU 23-442 -2.3 0.115 0.34 
GU 23-444 -2.2 0.119 0.24 
GU 23-446 -2.o o.122 o.12 
GU 23-448 -1.9 o.125 o.oo 

GU 23-462 -3,5 o.115 O.58 
GU 23-464 -3.3 o.119 0.48 
GU 23-466 -3.1 0.122 0.37 
GU 23-468 -2.9 0.125 0.25 

GU 23-482 -4.6 o.115 o.81 
GU 23-48~ -4.4 O.119 o.71 
GU 23-486 -4.2 O.122 O.61 
GU 23-488 -3.9 O.125 0.50 

GU 23-522 -1.2 0.115 O.12 
GU 23-524 -1.2 0.119 0.00 
GU 23-526 -1.1 0.123 -0.12 
GU 23-528 -I.0 0.126 -0.25 

GU 23-542 -2.5 0.115 0.35 
GU 23-544 -2.4 0.120 O.24 
GU 23-546 -2.2 o.123 o.12 
GU 23-548 -2.1 O.126 O.OO 

LOW DRAG RANGE OF AERODYNAMIC 
LIFT COEFFICIENT CENTRE POSN. 

DESIGN UPPER (percent c) 
LIMIT x y 

0.23 o.34 25.6 0.5 
0.24 0.47 26.1 0.5 
0.24 0.60 26.4 0.5 
0.25 0.74 26.7 0.4 

0.46 0.57 25.6 I .I 
0.47 o.71 26.1 1 .o 
0.48 0.84 26.4 I .o 
0.49 0.98 26.7 0.9 

o.69 o.8o 25.6 I .6 
o.71 0.94 26. I I .6 
0.72 I .08 26.4 I .6 
0.74 I .23 26.7 I .5 

0.92 I .03 25.5 2.2 
0,94 1.18 26.0 2.2 
0.96 I .32 26.4 2.1 
0.98 I .47 26.7 2.I 

0.23 0.34 25.9 0.5 
o. 24 o. 47 26.5 o. 5 
0.24 O.61 26 .9  0.5 
0.25 0.75 27.3 O.4 

0.46 0.57 25.9 1.0 
0.47 o.71 26.5 I .0 
o.49 o. 85 26.9 I. o 
o. 5o o. 99 27.3 O. 9 

0.69 0.80 25.9 I -5 
o.71 0.95 26.4 I .6 
o.73 I .09 26.9 I .5 
0.75 I .2~ 27.3 I .5 

0.92 I .o3 25.9 2.0 
0.95 1.18 26.4 2.1 
O.97 I .33 26.9 2. I 
I .OO I .49 27.3 2.0 

0.23 0.35 26.1 0.4 
0.24 0.48 26.8 0.4 
o.25 o.61 27.4 o.4 
0.25 o.76 27.9 o.4 

o. 46 o. 58 26. I o. 9 
0.48 0.72 26.8 0.9 
0.49 0.86 27.4 0.9 
0.50 I .oi 28.0 0.8 

PITCHING 
MOMENT 
COEF. 

-0. O20 
-0.O18 
-0.017 
-0.O15 

-0. O4O 
-o. 036 
-o.o33 
-o.o31 

-0.060 
-0.055 
-o.o5o 
-0.046 

-o. o81 
-o. 073 
-0.067 
-o. o62 

-o.o24 
-o. o22 
-o. oe 1 
-o.o19 

-o. 047 
-0.043 
-o. o41 
-o.o38 

-o. o71 
-o .065 
-0.061 
-o.o57 

-o.o95 
-o.o87 
-o.o81 
-o .o76 

-o. 027 
-o. 025 
-o. 024 
-O. 022 

-0.055 
-o.o51 
-o.o48 
-o. 045 
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THICKNESS T.E. 
AEEOFOIL AT 0.O5c ANGLE 

(percent (deg) 
of max.) 

EXTENT OF FAV. MAX.CAMBER MAX. THICKNESS 
PRESSURE GRAD. (per POSITION (per POSITION 
(percent c) cent (percent cent (percent 
TOP BOTTOM chord) chord) chord) chord) 

GU 23-562 41.3 7.4 5o.8 45.9 
GU 23-564 40.9 12.4 49.9 45.1 
GU 23-566 41.1 16.5 49.1 44.4 
GU 23-568 41.5 19.9 48.4 43.9 

GU 23-582 42.4 7.3 51.5 44.9 
OU 23-58~ 41.6 12.4 50.6 44.1 
GU 23-586 41.6 16.5 49.8 43.5 
GU 23-588 41.8 20.o 49.2 43.0 

GU 23-622 38.2 9.6 59.2 57.7 
GU 23-624 38.1 15.9 58.2 56.7 
GU 23-626 38.5 21.O 57.5 55.9 
GU 23-628 39.1 25.4 56.8 55.3 

GU 23-642 38.6 9.5 59.9 57.0 
GU 23-644 38.4 15.9 58.9 56.0 
GU 23-646 38.6 21.o 58.2 55.2 
GU 23-6~8 39.1 25.4 57.6 54.5 

GU 23-662 39.3 9.4 6O.5 56.2 
GU 23-664 38.8 15.8 59.6 55.2 
GU 23-666 38.9 21.0 58.9 5~.4 
GU 23-668 39.3 25.4 58.3 53.7 

G~ 23-682 40.3 9.3 61.2 55.4 
GU 23-684 39.4 15.7 60.4 54.4 
GU 23-686 39.3 21.O 59.7 53.6 
GU 23-688 39.5 25.5 59.1 53.o 

GU 23-722 36.5 12.6 69.1 67.8 
GU 23-724 36.3 21.O 68.3 66.9 
GU 23-726 36.5 27.9 67.6 66.2 
GU 23-728 37.O 33.8 67.O 65.6 

GU 23-742 36.9 12.6 69.7 67.2 
GU 23-744 36.6 21.0 68.9 66.2 
GU 23-746 36.8 27.9 68.3 65.5 
GU 23-748 37.2 33.8 67.8 64.8 

GU 23-762 37.6 12.5 70.4 66.6 
GU 23-764 37.0 21.0 69.6 65.6 
GU 23-766 37.0 27.9 69.O 64.8 
GU 23-768 37.3 33.9 68.5 64.1 

GU 23-782 38.5 12.4 71 .O 65.9 
GU 23-784 37.6 2o. 9 70.3 64.9 
GU 23-786 37- 4 27.9 69.7 64. I 
GU 23-788 37.5 34. O 69.3 63.4 

4.5 46.2 7.1 41.7 
• 3 45.4 12.2 41 .o 

4.0 46.5 16.5 4o.6 
3.8 47.2 20.3 40.3 

6. I 46.8 6.9 42.7 
5.7 46.o 12.0 41.5 
5 4. 45.9 16.3 40.9 
5. I 46.8 2O. I 40.4 

I .5 49.6 7.8 44.7 
I .4 49.2 13.2 44.7 
I .3 50.6 17.8 44.6 
I .2 56.4 21.9 44.4 

3.0 ~8.5 7.7 44.9 
2.8 49.1 13.1 ~4.8 
2.6 5o.4 17.7 44.7 
2.5 56.4 21.9 44.5 

4.5 48.o 7.6 45.3 
4.2 48.9 13.0 45.0 
4.0 5o.2 17.6 44.8 
3.7 57.2 21.7 4~.6 

6.0 48.1 7.3 45.9 
5.7 48.8 12.8 45.3 
5 4. 49.9 17.4 ~5.1 
5.1 51.7 21.6 44.8 

1.5 51 .I ~.2 48.1 
1.4 52.1 13.9 48.3 
I .3 57.5 18.8 48.4 
1.2 57.1 23.3 48.5 

2.9 5o.9 8.1 48.3 
2.7 52.I 13.8 48.5 
2.5 58.5 18.8 48.6 
2.4 58. I 23.3 48.6 

4.4 50.9 7.9 48.6 
4. I 52.0 13.7 48.7 
3.9 53.4 18.7 48.7 
3.7 59.1 23.2 48.7 

5.8 50.8 7.7 49. I 
5.5 51.8 13.5 49.0 
5.2 53.2 18.5 49.0 
4.9 58.8 23.0 49.0 
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ZERO LIFT 
~ROmIL L I ~  cuRvE 

INCIDENCE SLOPE LOWER 
(deg) (/deg) LIMIT 

OU 23-562 -3 .7  O.116 0.58 
GU 23-564 -36.  O.120 O.48 
GU 23-566 -3.4 O.123 0.37 
GU 23-568 -3 .2  O.126 O.25 

GU 23-582 -5.0 O.116 o.81 
GU 23-584 -4.8 O.120 0.72 
GU 23-586 -4.5 o.123 0.62 
GU 23-588 -4.3 O.126 0.51 

GU 23-622 -1.4 o.116 o.12 
GU 23-624 -1 .3  O.120 O.OO 
GU 23-626 -1 .2  0.124 -0.12 
GU 23-628 -1 .2  O.128 -0.26 

GU 23-642 ~:~ O.116 0.35 
GU 23-644 Z 0.120 0.24 
GU 23-646 -2.5 o.124 o.12 
GU 23-648 -2.4 o.128 o.oo 

GU 23-662 -4.1 0.116 o.58 
OU 23-664 -3.9 o.121 0.48 
GU 23-666 -3 .8  o.124 o.37 
GU 23-668 -3 .6  O.128 0.26 

GU 23-682 -5.4 O.116 0.81 
GU 23-68~ -5 .2  o .121  0.72 
GU 23-686 -5.o o . 1 2 5  o.62 
GU 23-688 -4.8 O.128 0.51 

GU 23-722 -1.5 O.116 O.12 
GU 23-724 -1.4 o.121 o.oo 
GU 23-726 -I.~ O.126 -0.13 
GU 23-728 -1.3 o.13o -0.26 

GU 23-7~2 -2.9 0.116 0.35 
GU 23-744 -2.9 O.121 0.24 
SU 23-746 -2.8 o.126 o.13 
GU 23-748 -2.6 o.13o 0.0o 

GU 23-762 -~.~ O.117 O.~8 
GU 23-76~ -4.3 O.122 O.~9 
GU 23-766 -~.2 O.126 0.38 
GU 23-768 -4.0 O.13o 0.26 

GU 23-782 ~ ~ 0 . 1 1 7  0.82 
GU 23-784 [s~[ 0,122 0.73 
GU 23-786 -5.6 O.126 O.63 
GU 23-788 -5.~ O.130 0.52 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

AERODYNAMIC 
CENTRE POSN. 

DESIGN UPPER (percent c) 
LIMIT x y 

0.69 o.81 26.1 I .3 
0.72 0.95 26.8 I .4 
0.74 I .lO 27.4 I ./4 
0.76 I .26 28.0 I .3 

0.92 I .o4 26.1 I .8 
0.96 1.19 26.8 I .9 

2 -5 .9 0.98 I .35 27.o8 1 
I .oi 1.51 1 .8  

o.23 o.35 26.4 0.4 
0.24 0.48 27.3 0.4 
0.25 0.62 28.1 0.4 
0.26 0.77 28.8 0.4 

0.46 0.58 26.4 0.8 
o.48 o.72 27.3 o.8 
0.50 0.87 28. I 0.8 
o.51 1 .o2 28.8 0.8 

0.70 O.81 26.4 I .1 
0.72 0.96 27.3 I .2 
0.74 I. 11 28.2 1.2 
0.77 1.27 28.9 I .2 

0.93 1.024 26.4 I .5 
0.96 1.20 27.4 1.6 
o. 99 1.36 28.2 1.6 
1 .o2 1.53 28.9 1.6 

0.23 0.35 26.7 0.2 
0.24 0.48 27,8 0.2 
0.25 0.63 28.8 0.2 
0.26 0.78 29.7 0.2 

o. 47 o. 58 26. Z o. 5 
0.49 0.73 27.~ 0.6 
0.50 0.88 28.9 0.5 
o. 52 1. o/4 29.8 o. 5 

0.70 0.81 26.7 0.8 
0.73 0.97 27.9 0.9 
0.75 I .  13 28.9 0.9 
0.78 I .29 29.8 0.8 

0.93 I .o5 26.8 1.1 
0.97 1.21 27.9 1.2 
I .oo I .38 29.0 I .2 
1.04 1.55 29.9 1.2 

PITCHING 
MOMENT 
COEF. 

-o. o82 
-o. 077 
-o. 072 
-0.068 

-O.110 
-o. 1o2 
-o. 096 
-o.o91 

-o.o32 
-0.030 
-o.o29 
-0.027 

-0.064 
-0.060 
-o.o58 
-o.o55 

-0.096 
-o.o91 
-0.087 
-o. 083 

-0.  128 
- o .  121 
-o.I 16 
-O. 111 

-0.037 
-o.  036 
-0.035 
-0.034 

-0.074 
-0.072 
-0.069 
-O. 068 

-0.111 
- o .  1o 7 
-o. 104 
-o. 1oi 

-o. 148 
-0.142 
-o. 138 
-o. 134 
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THICKNESS T.E. 
AEROFOIL AT O.05c ANGLE 

(percent (deg) 
of max.) 

GU 25-322 /45.6 6.4 
OU 25-324 45.7 lO.4 
GU 25-326 46.5 13.6 
GU 25-328 47.4 16.3 

OU 25-342 ~5.6 6.2 
GU 25-344 45.9 10.3 
OU 25-346 46]7 13.5 
GU 25-348 47.4 16.2 

SU 25-362 46.4 6.0 
OU 25-36a /46.5 IO.I 
OU 25-366 47.0 13.4 
OU 25-368 47.7 16.1 

GU 25-382 47.3 5-7 
GU 25-38/4 47-5 9.8 
GU 25-386 47.b 13.2 
GU 25-388 48.o 16.o 

OU 25-~22 41.9 7.5 
OU 25-42~ 42.2 12.2 
GU 25-426 42.8 16.1 
OU 25-~28 43.7 19.3 

GU 25-4~2 ~2./4 7.3 
ou 25-444 42.5 12.2 
GU 25-446 43.1 16.0 
GU 25-448 43.7 19.3 

GU 25-462 43.2 7.2 
OU 25-464 43.1 12.0 
GU 25-466 43.4 15.9 
GU 25-468 44.0 19.2 

GU 25-/482 44.2 6.9 
OU 25-48~ 43.9 11.8 
GU 25-~86 44.0 15.7 
Gu 25-488 44.3 19.1 

GU 25-522 39.6 9-o 
GU 25-524 39.7 14.8 
GU 25-526 40.2 19.5 
GU 25-528 4o.9 23.5 

GU 25-542 40.0 8.9 
OU 25-544 40.0 I~.7 
OU 25-546 4o./4 19.4 
OU 25-548 40.9 23.5 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

29.9 28. I 
29.2 27.5 
28.6 27.0 
28. I 26.6 

30.8 26.9 
30. O 26.5 
29./4 26.2 
28.8 25.8 

31.6 25.8 
3o.7 25.5 
3o. I 25.2 
29.5 25. o 

32.3 24.4 
31 .~ 24.3 
30.7 24.2 
3o. I 24. o 

39.6 37.9 
38.8 37. I 
38.1 36.5 
37.5 36.o 

40.4 36.9 
39.6 36.2 
38.9 35.7 
38.2 35.2 

41.2 35.8 

39.6 .8 
38.9 34./4 

41.9 34.6 
41.0 34.2 
4O.3 33.8 
39.7 33.5 

49.4 47.8 
48.5 46.9 
47.8 46.3 
47.2 45.7 

50.2 46.9 
49. B 46. I 
48.6 45.5 
47.9 44.9 

MAX. CAMBER MAX. THICKNESS 
(per POSITION (per POSITION 
cent (percent cent (percent 
chord) chord) chord) chord) 

1.4 35.8 6.4 31.8 
I .3 35.o 10.7 31 .b, 
I .2 34.6 14.2 30.9 
1.1 34.7 17.3 30.5 

2.9 34.9 6.;4 3e.I 

14.2 31 . i  
2.2 34.5 17.e 3o.6 

4.3 34.5 6.e 32.6 
/4.o 3z~.3 IO.5 31.8 
3.7 34.3 14.o 31.3 
3.4 34.3 17. I 30.8 

~47 34.5 6.1 33.1 
34.3 1o.3 32.2 

5.0 34.2 13.9 31.6 
4.7 3/4.2 17.o 31.1 

1.5 39.6 7.o 37.0 
I .4 43.2 11.7 36.5 
1.3 42.4 15.7 36.1 
I .2 41.7 19.1 35.7 

3.0 39-6 16.91.6 37"4 
2.7 43.8 36.6 
2.6 ~3.O 15.6 36. I 
2.4 /42.3 19.0 35.7 

4.5 39.5 6.8 38.4 
4.2 39.7 11.5 37.1 
3.9 43.7 15.~ 36.4 
3.6 J43.0 18.9 35.9 

6.0 39.4 6.6 39.6 
5.6 39.7 11 -3 37.8 

15.3 36.9 53 39:  
4.9 43 18.7 36.3 

I .5 44.8 7.4 ~1.5 
1.4 45.9 12.6 41.2 
I .3 47.6 16.9 41 .o 
1.2 47.3 20.7 /40.7 

3.o 45.4 7,4 41 .7 
2..8 45.5 12.5 41.4 
2.7 47.2 16.8 /41 .I 
2.5 47.5 20.7 40.8 
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AEROFOIL 

GU 25-322 
GU 25-32/4 
GU 25-326 
GU 25-328 

SU 25-342 
GU 25-344 
GU 25-346 
GU 25-3/48 

GU 25-362 
GU 25-364 
GU 25-366 
GU 25-368 

GU 25-382 
GU 25-38~ 
GU 25-386 
GU 25-388 

GU 25-422 
GU 25-/424 
GU 25-426 
GU 25-/428 

GU 25-442 
GU 25-/44/4 
GU 25-~/46 
GU 25-/4/48 

GU 25-462 
SU 25-/46~ 
GU 25-466 
GU 25-/468 

GU 25-~82 
GU 25-~8~ 
GU 25-/486 
Gu 25-/488 

GU 25-522 
GU 25-52~ 
GU 25-526 
SU 25-528 

GU 25-542 
GU 25-54~ 
GU 25-5~6 
OU 25-548 

ZERO LIFT LOW DRAG RANGE OF 
LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

-I .O 0.115 0.11 0.23 0.34 
-1 .0  o.118 o.oo 0.24 o.247 
-o .9  o.121 -0.12 0.24 o.61 
-o. 8 o. 12/4 -o. 25 o. 25 o. 74 

-2.1 0.115 0.3/4 o./46 0.57 
-2.0 O. 118 0.24 O.b~7 O.71 
-I .8 0.121 0.12 0.48 0.85 
-I .7 0.12/4 o.oo 0.49 0.99 

-3.2 o.115 0.57 o.69 o.8o 
-3.0 0.118 0.47 O.71 0.94 
-2 .8  O. 121 0.36 0.73 1 .o9 
-2.6 O. 124 O. 25 O. 74 I. 23 

-4 .2  o.115 0.80 0.92 I .o3 
-4.o o.119 o.71 0.94 1.18 
-3.7 0.121 O.61 0.97 1.33 
-3.5 o. 124 O. 50 O. 99 I. 48 

-1 .2  0.1!5 0.12 0.23 0.35 
-1 .1  O. 1 19 0.0o 0.24 0.48 
-1 .0  0.122 -0.12 0.24 0.61 
-O.9 O.125 -0.25 0.25 0.75 

-2.3 o.115 0.35 0./46 0.58 
-2 .2  O. 119 0.24 0.48 O.71 
- 2 .0  0.122 0.12 0.49 0.85 
- 1 .9  0.125 0.00 0.50 1.00 

-3 .5  0.115 o.58 o.69 o.81 
-3 .3  o.119 0.48 o.71 0.95 
-3.1 o~122 o.37 o.73 I .1o 
-2.9 0.'125 0.25 0.75 1.25 

-4.6 o. 116 o.81 0.92 1 .o4 
-Zl.4 o.119 o.71 0.95 1.19 
- 4 . 2  0. 122 0.61 0 .98 1.34 
-3 .9  O.125 0.50 1 .oo I .49 

-I .2 o. 116 o. 12 0.23 0.35 
-I .2 o. 12o o.oo 0.24 0.48 
-1.1 o.123 -o.12 0.25 o.62 
-I.0 O.127 -O.25 0.25 0.76 

-2.5 o.116 0.35 0.46 0.58 
- 2 . 4  O. 120 0.2~4 0.48 0.72 
-2 .2  O.123 0.12 o.49 0.86 
-2.1 0.127 0.00 0.51 1.01 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

25.7 0.5 
26.2 0.5 
26.6 0.5 
26.9 0.4 

25.7 1 .I 
26.2 I .o 
26.6 I .o 
26.9 o.9 

25.7 1.6 
26.2 I .6 
26.6 I .6 
26.9 1.5 

25.6 2.2 
26.1 2.2 
26.5 2.1 
26.9 2. I 

26.0 0.5 
26.6 0.5 

27.5 

25.9 1.0 
26.6 I .o 
27.0 I .o 
27.5 0.9 

26.0 I .5 
26.5 1.6 
27. I I .5 
27.5 1.5 

25.9 2.0 
26.5 2.1 
27.1 2.1 
27.5 2.0 

26.2 0.4 
27.0 0.4 
27.6 0.4 
28.2 0.4 

26.2 0.9 
26.9 0.9 
27.6 0.9 
28.2 0.8 

PITCHING 
MOMENT 
COEF. 

-O. 02O 
-o.o18 
-o.o17 
-o.o15 

-o. o~o 
-0.036 
-O. 033 
-o.o31 

-o. 061 
-o.o55 
-o.o5o 
-o. 046 

-o. o81 
-o.o73 
-o .o67 
-0.062 

-0.024 
-0.022 
-o. 020 
-o.o19 

-o.o47 
-o.o43 
-o. 041 
-o.o38 

-o.o71 
-0.065 
-o. 061 
-0.057 

-o.o95 
-o. 087 
-0.082 
-O. 076 

-o. 027 
-0.025 
-0.024 
-0.022 

-0.055 
o I 

- ° 'o~8  --0. 
-0.045 
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AEROFOIL 

GU 25-562 
GU 25-564 
GU 25-566 
GU 25-568 

GU 25-582 
GU 25-584 
GU 25-586 
GU 25-588 

GU 25-622 
GU 25-624 
GU 25-626 
GU 25-628 

GU 25-642 
GU 25-644 
GU 25-646 
GU 25-648 

GU 25-662 
GU 25-664 
GU 25-666 
GU 25-668 

GU 25-682 
GU 25-68/4 
GU 25-686 
GU 25-688 

GU 25-722 
GU 25-724 
GU 25-726 
GU 25-728 

GU 25-742 
GU 25-744 
GU 25-746 
GU 25-748 

GU 25-762 
GU 25-764 
GU 25-766 
OU 25-768 

GU 25-782 
GU 25-784 
GU 25-786 
GU 25-788 

THICKNESS 
AT 0.O5c 
(percent 
of max.) 

41 .O 
40.5 
4o.7 
;41 .I 

42.0 
41.3 
41.2 
41.4 

37.9 
37.8 
38. I 
38.7 

38.3 
38.0 
38.3 
38.7 

39.0 
38.5 
38.5 
38.9 

40.O 
39. I 
39.o 
39.2 

36.3 
36.0 
36.3 
36.7 

36.6 
36.4 
36.5 
36.9 

37.4 
36.8 
36.8 
37.0 

38.3 
37.3 
37.1 
37.2 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

48:67 50.9 46.0 
1 5o.o 45.2 
19.3 49.3 44.6 
23.4 48.7 44. I 

8.5 51.6 45.0 
I;4.4 50.7 44.3 
19.2 50.O 43.7 
23.3 49.4 43.2 

11 .o 59.3 57.8 
18.3 58.4 56.9 
24.2 57.7 56.2 
29.3 57.1 55.6 

11 .O 60.0 57.1 
18.3 59.1 56.2 
24.2 58.5 55.;4 
29.3 57.9 54.8 

10.8 60.6 56.3 
18.2 59.8 55.4 
24.1 59.2 54.7 
29.3 58.6 54.1 

Io.7 61.3 55.5 
18.o 60.5 54.6 
24.O 59.9 53.9 
29.2 59.4 53.3 

14. I 69.2 68.0 
23.5 68.5 6~ I 
31.2 67.9 ~5 
37.9 67.4 65.9 

14.1 69.9 667.3 
23.5 69.1 .5 
31.2 68.6 65.8 
37.9 68.2 65.2 

66. 14.O 70.5 65.~ 
23.;4 69.8 
31.2 69.3 65. I 
37.9 68.9 6;4.5 

13.8 71. I 66.O 
23.3 70.5 65.1 
31. I 70. I 64.3 
37.9 69.7 63.7 

MAX. CAMBER MAX. THICKNESS 
(per POSITION (per POSITION 
cent (percent cent (percent 
chord) chord) chord) chord) 

4.5 46.3 7.2 42.2 
4.3 ~5.5 12.4 41.7 
4.0 ~6.4 16.7 41.3 
3.8 t~7.3 20.5 40.9 

6.1 46.9 7.o 43.4 
5.7 46.1 12.2 42.1 
5.4 45.9 16.5 41.6 
5.1 46.8 20.4 41.1 

1.5 49.6 7,9 45.3 
I .4 49.3 13.3 45.3 
I .3 5O.8 18.O 45.2 
I. 2 56.5 22.2 45. I 

3.o 48.6 7.8 45.5 
2.8 49.1 13.3 45.4 
2.6 50.4 17.9 45.3 
2.5 56.8 22.1 45.2 

4.5 48.1 7.6 45.9 
4.2 49.0 13.1 45.7 
4.0 50.2 17.8 45.5 
3.8 52.0 22.0 45.3 

6.0 48.2 7.4 46.6 
55:Z 48.8 12.9 46.o 

49.9 17.6 45.8 
5.1 51.5 21.8 45.6 

1.5 51.2 8.2 48.6 
I .4 52.3 -14.O 48.9 
I .3 57.8 19.o 49.o 
1.2 57.4 23.6 49.2 

2.9 51 .o 8.1 /1.8.8 
2.7 52.1 14.o 49.0 
22:~ 58.~[58" 19.O 49.2 

49.3 23.5 

4.4 50.9 8.O 49. I 
4.1 52.0 13.8 49.3 
3.9 53.5 18.9 49.4 
3.7 59.5 23.4 49.5 

5.8 50.9 7.8 49. 7 
5.5 51.9 13.7 49.6 
5.2 53.2 18.7 49.6 
;4.9 59. I 23.3 49.7 
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ZERO LIFT 
AEaOFOIL LIFT CURVE 

INCIDENCE SLOPE LOWER 
(deg) (/deg) LIMIT 

GU 25-562 -~.~ O.116 0.58 
GU 25-564 - . o.12o 0.48 
GU 25-566 -3.4 0.124 0.37 
GU 25-568 -3.2 0.127 0.25 

GU 25-582 -5.O o.116 o.81 
GU 2 5 - 5 8 4  -4 .8  0.120 0.72 
GU 25-586 -4 .6  0.124 0.62 
GU 25-588 -4.3 0.127 0.51 

GU 25-622 -1 .4  0.116 0.12 
GU 25-624 -1.3 0.121 0.00 
GU 25-626 -1 .2  0.125 -0.12 
GU 25-628 -1 .2  0.128 -0.26 

GU 25-642 -2 :~ 0.116 0.35 
GU 25-644 -2 0.121 o.24 
GU 25-646 -2 .5  0.125 0,12 
GU 25-648 -2 .4  0,128 0.00 

GU 25-662 -4.1 0.116 0.58 
GU 25-664 -3 .9  0.121 0.48 
GU 25-666 -3 .8  0.125 0,37 
GU 25-668 -3 ,6  0.128 0.26 

GU 25-682 -5 .5  u.117 0.81 
GU 25-684 -5 .3  0.121 0.72 
GU 25-686 -5.1 0.125 0.62 
GU 25-688 -4 .9  0.129 0.51 

GU 25-722 -1 .5  0.117 0.12 
GU 25-724 -1 .4  O. 122 O.O0 
GU 25-726 -1.4 o.126 -o.13 
GU 25-728 -1.3 0.130 -0,26 

GU 25-742 -2.9 O. 117 0.35 
OU 25-744 -2 .9  o. 122 o. 244 • 
GU 25-746 -2 .8  0.126 0.13 
GU 25-748 -2 .6  O. 130 O. O0 

GU 25-762 -4.4 o. 117 o. 58 
OU 25-764 -4.3 O. 122 o. 49 
GU 25-766 -4.2 O. 126 O. 38 
GU 25-768 -4.O 0.130 0.26 

GU 25-782 -5 .9  O. 117 O. 82 
GU 25-784 -5 .8  O. 122 0.73 
GU 25-786 -5 .6  O. 126 0.63 
GU 25-788 -5 .4  0.131 0.52 

LOW DRAG RANGE OF AERODYNAMIC 
LIFT COEFFICIENT CENT&~E POSN. 

DESIGN UPPER (percent c) 
LIMIT x y 

0.69 O.81 26.2 1.3 
0.72 0.96 26.9 1.4 
o.7~ I. 11 27.6 I .4 
0.76 I .26 28.2 I .3 

O. 93 I. 04 26. I I. 8 
0.96 I .20 27.0 I -9 
0.99 I .35 27.6 I .9 
I .01 I .51 28.2 I .8 

0.23 0.35 26.4 0.4 
0.24 0.48 27.4 0.4 
0.25 0.62 28.3 0.4 
0.26 0.77 29.0 0.4 

o.46 0.58 26.4 0.8 
o.48 o.72 27.4 o.8 
0.50 0.87 28.3 0.8 
o.51 1.02 29.0 0.8 

0.70 0,81 26.5 1.1 
0.72 0.96 27,5 1.2 
0.75 1.12 28.3 1.2 
0.77 1.28 29.1 1.2 

O. 93 I. 0/4 26.5 I. 5 
0.96 1.2o 27.5 1.6 
I .00 I .37 28.4 I .6 
1.03 I. 53 29. I I. 6 

0.23 0.35 26.7 0.2 
0.24 0.49 27.9 0.2 
0.25 0.63 29.0 0.2 
o.26 0.78 29.9 0.2 

0.47 0.58 26.7 0.5 
0.49 0.73 27.9 0.6 
o. 50 o. 88 29. o o. 5 
0.52 1 .o4 30.0 0.5 

0.70 0.82 26.8 0.8 
0.73 0.97 28.0 o.9 
0.76 1.13 29.1 0.9 
0.78 I .30 30.0 0.8 

0.93 I .o5 26.9 I. I 
0.97 1.21 28.0 1.2 
1 .01  I .38 29.1 1 . 2  
I. 04 I. 56 30. I 1 . 2  

PITCHING 
MOMENT 
COEF. 

-O. O82 
-o. 077 
-o. 072 
-0.068 

-O. 110 
-O. lO3 
-o.o97 
-o. o92 

-0.032 
-0.030 
-o. 029 
-o. 027 

-o.o64 
-o. 061 
-o. 058 
-0.055 

-0.096 
-o. 091 
-o. o87 
-o.o83 

-O. 129 
-0. 122 
-0.116 
-0.112 

-0.037 
-o.o36 
-0.035 
-o. 034 

-o. 074 
-o. 072 
-o. o7o 
-0.068 

-O. 111 
IO 

-O. 10Z --0. 
-o. 102 

-o. 148 
-0.143 
-O. 139 
-0.  135 
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THICKNESS T. E. 
AEROFOIL AT 0.05C ANGLE 

(percent (deg) 
of max.) 

GU 41-322 49.2 3.7 
GU 41-324 51.2 6.2 
GU 41-326 53.9 8.2 
GU 41-328 56.6 IO.0 

GU 41-342 49.0 3.7 
GU 41-344 51.2 6.2 
GU 41-346 53.7 8.3 
GU 41-348 56.0 10.1 

GU 41-362 49.8 3.7 
GU 41-364 51.6 6.3 
GU 41-366 53.5 8.6 
GU 41-368 55.6 10.5 

GU 41-382 50.7 3.6 
GU 41-384 52. I 6.3 
GU 41-386 53.7 8.7 
OU 41-388 55. I 1o.7 

GU 41-422 45.3 4.4 
GU 41-424 47.5 7.5 
GU 41-426 50.0 9-9 
GU 41-428 52.6 12. I 

GU 41-442 45.6 4.4 
GU 41-444 47.7 7.5 
GU 41-446 49.9 10.O 
GU 41-448 52.2 12.2 

GU 41-462 46.5 4.4 
GU 41-464 48. O 7.6 
GU 41-466 49.8 I0.3 
GU 41-468 51.8 12.6 

GU 41-482 47.6 4.4 
77 

GU 41-486 50.0 16.4 
GU 41-488 51.4 12.9 

GU 41-522 42.8 5.5 
GU 41-524 44.8 9.3 
GU 41-526 47. I 12.4 
GU 41-528 49.5 15.1 

GU 41-542 43.2 5.5 
GU 41-544 45.0 9.3 
GU 41-546 47.2 12.5 
GU 41-548 49.3 15.3 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

29. D 27.7 
28.3 26.y 
27.2 25.~ 
26. I 25.0 

30.3 26.6 
29.1 25.9 
27,9 25. I 
26.8 24.5 

31.1 25.5 
29.8 24. 9 
28.6 24.4 
27.5 23.9 

31.8 24.2 
3o. 5 23.9 
29.3 23.6 
28. I 23.3 

39. I 3 .4 
37,8 3~.2 
36.5 35.2 
35.4 34.2 

39.9 36.4 
38.5 35.4 
37.3 34.5 
36.0 33.6 

39.3  .5 
38 .o  33 .7  
36 .8  33.0  

41.4 34.3 
40.o 33.5 
38.7 32.9 
37.5 32.3 

48.9 47.2 
4 .9 

44.9 43.7 

49.6 46.4 
48.2 45.2 
46.9 44. I 
45.6 43. I 

MAX. CAMBER MAX. THICKNESS 
(per POSITION (per POSITION 
cent (percent cent (percent 
chord) chord) chord) chord) 

I .3 35.3 7.2 3o.2 
I .I 35.5 12.4 29.3 
0,8 40,3 16.9 28.3 
0.5 4o.1 21.1 27.4 

2.7 34.6 7.1 30.6 
2.3 35.o 12.3 29.5 
I .8 35.8 16.9 28.5 
I .3 39.5 21.o 27.6 

4.1 34.5 7.o 31,2 
3.6 34,6 12.2 29.9 
2.9 35.2 16.7 28.8 
2.3 40.0 20.8 27.9 

5.6 34.5 6.9 31.8 
4.9 34.5 12.0 30.4 
4.1 34.8 16.5 29.2 
3.3 40.5 2o.7 28.2 

I .4 43,6 7 
12 42,  13:  5 
o. 40. 8.6 33.6 o.~ 7 I 

44.9 23.2 32.7 

2.9 39.7 7.7 35.6 
2.4 42.7 13.5 34.6 
2.0 41,4 18.5 33.6 
I .6 40.8 23. I 32.8 

4.3 39.6 7.6 36.3 
3.8 43.4 13.3 34.7 
3.2 42.0 18.3 33.7 
2.6 4o.7 23.o 32.8 

5.8 39.5 7.4 37.4 
5.1 39.8 13.1 35.2 
• 5 42.7 18.1 33.9 

3,8 41.4 22.7 32.9 

1.5 45.4 8.3 39.6 
1.3 47.6 14.5 38.9 
I .0 4 .4 19.9 I 0.8 4~.2 38. 25.0 37.2 

2.9 45.0 8.2 39.8 
2 6. 47.0 14.4 39.0 
2 .2  47.1 19.9 38.2 
I .8 47.3 25.0 37.4 
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AEROFOIL 

GU 41-322 
GU 41-324 
GU 41-326 
GU 41-328 

GU 41-342 
GU 41-344 
GU 41-346 
GU 41-348 

GU 41-362 
GU 41-364 
GU 41-366 
QU 41-368 

Qu 41-382 
GU 41-384 
GU 41-386 
Gu 41-388 

ou  41-422 
GU 41-424 
GU 41-426 
GU /$1-428 

Gu 41-442 
GU 41-444 
GU 41-446 
GU 41-448 

GU 41-462 
GU 41-464 
GU 41-466 
GU 41-468 

GU 41-482 
GU 41-484 
GU 41-486 
GU 41-488 

OU 41-522 
OU 41-524 
GU 41-526 
Gu 41-528 

GU 41-542 
GU 41-544 
GU 41-546 
GU 41-548 

ZERO LIFT LOW DRAG RANGE OF 
LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) L I M I T  L I M I T  

- I  .0 0.115 0.12 0.23 0.35 
-o.8 o .12o  o .oo  0 . 2 4  0.48 
-0.5 o.123 -0.12 0.25 0.62 
-o.3 o.127 -0.25 0.25 0.76 

-2.o o.115 o.35 o.46 o.58 
- I  .7 o. 120 0.24 0.48 0.72 
-I.3 O.123 o.12 0.49 o.86 
-o.9 o.127 o.oo o.51 1.oi 

-3 .0  o.115 0.58 0.69 o.81 
-2 .6  o. 12o 0.48 0.72 0.95 
-2. I o. 123 o. 37 o. 74 I. 11 
-I .6 o.127 o.25 o.76 I .26 

- ~ . I  0.116 0.81 0.92 1.04 
-3 .5  o.12o 0.72 0.95 1.19 
-3 .0  o. 123 o.62 o.98 1.35 
-2 .4  O. 127 o.51 1 .o i  I .51 

-1.1 o.116 o.12 0.23 0.35 
-O.9 O. 120 O.OO 0.24 0.48 
-O.~ O.125 -O.12 O.~ 0.62 
-o. o. 129 -o. 26 o. o. 77 

-2.2 O.116 0.35 0.46 0.58 
-1 .9  0.120 0.24 0.48 0.72 
-1.5 O.125 0.12 0.50 0 .87 
-I .1 0.129 0.00 0.51 I .O3 

-3.3 o.116 0.58 0.69 o.81 
-2.9 0.120 0.48 0.72 0.96 
-2.4 O. 125 0.37 0.75 I. 12 
-I .9 0.128 o.26 0.77 1.28 

-4.5 O.116 O.81 0.93 I .o4 
-4.o o. 121 0.72 0.96 1.20 
-3.4 O. 125 0.62 0.99 I .36 
-2 .8  0.128 0.51 I .me 1.53 

-I .2 o.116 0.12 0.23 0.35 
-1 .o o. 121 o.o0 0.24 0.48 
-o .7  o.126 -o.13 o.25 o.63 
-0.5 0.131 -0.26 0.26 0.78 

-2.4 o.116 0.35 0.46 0.58 
-2 .1  O. 121 0 .24 o.48 0.73 
-I .7 o.126 o.13 0.50 0.88 
-I .3 o.13o o.oo 0.52 1.o4 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

25.5 o.~ 

.2 o.1 
26.4 -o. I 

25.5 I .o 
25.9 o.8 
26.2 0.6 
26.5 0.2 

25.5 I .5 
25.9 I .4 
26.3 I .o 
26.6 0.7 

25.5 2.1 
25.9 I 
263 
26.6 I .2 

25.8 0.5 
26.3 0.3 
26.7 0.2 
27.0 -0.0 

25.8 0.9 
26.3 0.8 
26.7 0.6 
27. I 0.2 

),~.8 1.5 
• 3 I .3 

26.8 I .o 
27.2 o.7 

• 3 1.8 
26.8 I .6 
27.3 1.2 

26. I 0.4 
26.7 o.2 
27.2 o.  i 
27.8 -0.2 

26.1 o.8 
26.7 0.7 
27.3 0.5 
27.9 0.2 

PITCHING 
MOMENT 
COEF. 

-O.O19 
O1 

-O'o1 ~ --0. 
-O.012 

-0.039 
-0.033 
-o. O28 
-o. O24 

-o.o58 
-o.o5o 
-0.043 
-o.o36 

-o.o78 
-o.o67 

o5 
-o. o4~ --0. 

-o.o23 
-o. O2O 
-o.o18 
-o.o16 

-o.o46 
-o. o41 
-0.036 
-0.031 

-O.O69 
-0.061 
-0.054 
-0.046 

-o.o92 
-o. o81 
-o. o72 
-0.063 

-0.026 
-o. 024 
-O.O21 
-O.019 

-o. 053 
-o. 048 
-o. 043 
-0 .038 
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THICKNESS T.E. 
AEROFOIL AT 0.05c ANGLE 

(percent (deE) 
of max.) 

GU 41-562 44.1 5.5 
SU 41-564 45.4 9.4 
GU 41-566 47.1 12.8 
GU 41-568 48.9 15.7 

GU 41-582 45.2 5.5 
GU 41-584 45.9 9.5 
GU 41-586 47.2 12.9 
GU 41-588 48.5 16.o 

GU 41-622 41.O 7.1 
GU 41-624 42.7 12.0 
GU 41-626 44.8 16. I 
GU 41-628 47. I 19.7 

GU 41-642 41.5 7. I 
GU 41-644 42.9 12.O 
GU 41-646 44.9 16.2 
GU 41-648 46.9 19.8 

GU 41-662 42.1 7.1 
GU 41-664 43.2 12.2 
GU 41-666 44.8 16.4 
GU 41-668 46.6 2o.3 

GU 41-682 43.0 7.1 
Qu 41-684 43.7 12.2 
GU 41-686 44.9 16.6 
GU 41-688 46.3 20.5 

GU 41-722 39.3 ~ 
Gu 41-724 4o.9 1 
GU 41-726 42.9 22.1 
GU 41-728 45.1 27.1 

GU 41-742 39.6 ~:~ 
GU 41-744 41.1 1 
GU 41-746 43.0 22.2 
GU 41-748 44.9 27.3 

GU 41-762 4o.3 9.7 4,-764 4,4 
GU 41-766 42.9 22.5 
GU 41-768 44.6 27.7 

GU 41-782 41.2 ~ ~ 
au 41-784 41.7 i ~ .  
GU 41-786 43.0 22.6 
GU 41-788 44.3 28.O 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

5o.3 45.5 
48.9 44.3 
47.6 43.3 
46.4 42.4 

51 • I 44.5 
49.6 43.4 
48.4 42.5 
47. I 41.7 

58.7 57.2 
57.2 55.8 
56.o 54.6 
54.8 53.5 

59.4 56.5 
58.0 55.1 
56.7 53. 9 
55.5 52.8 

6o.1 55.7 
58.7 54.3 
57.5 53.2 
56.3 52.2 

60.7 54.9 
594 53:  
58.2 52 
57.1 51.5 

68.6 - 67.4 
67.3 66. o 
66.2 64.8 
65, I 63.8 

69,3 66.7 
68.0 65.3 
66.9 64. I 
65.8 63. I 

69.9 66. I 
68.7 64.7 
67.6 63.5 
66.6 62.5 

68.4 62.8 
67.4 61.8 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

4.4 45.8 
3.9 46.4 
3. 47.2 
2.9 47.8 

5.9 46.4 
5.3 45.8 
4.7 47.0 
4.1 47.1 

I .4 49.1 
I .3 51.8 
1. I 56.0 
0.9 56.0 

2.9 48.7 
2.6 51.0 
2.2 55.7 
I .9 55.7 

4.4 48.5 
3.9 5o. 
3.5 56.45 
3- 1 55.9 

5.9 48.4 5.3 50. I 
• 7 57. I 

4.2 56.0 

1.4 52.0 
1.2 57. I 
1 .I  60.6 
0.9 65.5 

2.8 51.7 
2.5 58.1 
2.2 59.8 
1.9 65.6 

4.2 51.4 
3.8 59.o 
3.4 58. I 
3.1 65.3 

5.7 51.3 
5.2 53.6 
4.7 I 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

8.1 40.2 
14.3 39.1 
1 .8 38.3 
2~.9 37.5 

,t:? 40.8 
39.4 

19.6 38.4 
24.7 37.6 

8.8 43.3 
15.3 42.8 
21.2 42.1 
26.8 41.5 

8.7 43.5 
15.3 42.8 
21.2 42.2 
26.8 41.6 

8.6 43.7 
15.2 43.0 
21. I 42.3 
26.6 41,7 

8.4 44. I 
15.o 43.2 
20.9 42.5 
26.4 41.8 

9.2 46 
16.2 46:][ 
22.5 46.0 
98.5 45.6 

9. I 46.8 
16.1 46.5 
22.5 46.1 
28.5 45.7 

9.0 47.o 
16.o 46.6 

• 3 46.2 
28.4 45.8 

8.8 47.4 
15.8 46.8 
22.2 46.3 
28.2 45.9 
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ZERO LIFT 
AEROFOIL LIFT CURVE LIFT 

INCIDENCE SLOPE LOWER 
(deg) (/deg) LIMIT 

GU 41-562 -3.6 O.116 O.58 
GU 41-564 -3.2 O. 121 0.49 
GU 41-566 -2.7 O. 126 o. 38 
GU 41-568 -2.3 O. 13o 0.26 

GU 41-582 -4.8 0.117 O.81 
GU 41-584 -4.3 o. 121 0.73 
GU 41-586 -3.8 O. 126 o. 63 
GU 41-588 -3.2 O. 130 0.52 

GU 41-622 -1.3 O.117 O.12 
GU 41-624 -1.1 O. 122 O.OO 
GU 41-626 -O.9 O.127 -O.13 
GU 41-628 -0.7 0.132 -0.26 

GU 41-642 -2.6 o.117 0.35 
GU 41-644 -2.3 0.122 0.24 
GU 41-646 -2.0 O. 127 O. 13 
GU 41-648 -I. 6 O. 132 O. O0 

GU 41-662 -3.9 0.117 O. 58 
GU 41-664 -3.6 o. 122 0.49 
GU 41-666 -3. I O. 127 O.38 
GU 41-668 -2.6 o. 132 0.26 

GU 41-682 -5.3 o. 117 0.82 
GU 41-684 -4.8 o.122 o.7~ 
GU 41-686 -4.3 o.127 0 , ~  
GU 41-688 -3-.7 0.132 0.53 

GU 41-722 - 1 . 4  o. 117 O. 12 
GU 41-724 -1.2 O. 123 o.oo 
GU 41-726 -I.O O.129 -O.13 
GU 41-728 -o.8 O.135 -0.27 

GU 41-742 -2 .8  o. 117 0.35 
GU 41-744 -2.6 O. 123 O.25 
GU 41-746 -2.3 O.129 O.13 
GU 41-748 -I -9 O. 135 O.0o 

GU 41-762 -4.3 O. 118 O. 59 
GU 41-764 -4.O O. 124 0.49 
GU 41-766 -3.5 O.129 O.39 
GU 41-768 -3.1 O.135 0.27 

GU 41-782 -5.8 O.118 0.82 
GU 41-784 -5.3 O. 124 0.74 
GU 41-786 -4.9 O. 129 O. 65 
GU 41-788 -4.3 O.135 0.54 

LOW DRAG RANGE OF 
COEFFICIENT 
DESIGN UPPER 

LIMIT 

0.70 o.81 
0.73 0.97 
0.75 1.13 
0.78 I .30 

0.93 I .05 
0.97 I .21 
I .OO I .38 
I. 04 I. 55 

0.23 0.35 
0.24 o.4 
0.25 o.6~ 
0.26 0.79 

o.47 o. 58 
0.49 o. 3 
0.51 O.;~ 
o. 53 1.06 

0.70 0.82 
o.73 o.98 
0.76 I. 14 
0.79 I .32 

0.93 I .05 
o. 98 I. 22 
1.02 1.39 
I .05 1 .58 

0.23 0.35 
0.25 0.49 
0.26 0.65 
0.27 o.81 

0.47 O. 59 
O. 49 O. 74 
o. 52 o. 90 
O. 54 1.08 

O. 70 O. 82 
0.74 0.98 
o. 7 1.16 
O.~1 1.34 

0.94 1 .o6 
o. 99 I. 23 
I .o3 1.41 
I .o7 I .6o 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

26.0 1.3 
26.8 I .I 
2 .4 0.9 
2;.o 0.6 

26.1 
26.8 I 
27.5 i .4 
28.1 1 .I 

26.3 0.4 
2 .2 2~.0 0.2 0.1 
2 8 . 8  -o .  1 

26.3 0.7 

2 .3 0.4 2~. 1 0.6 

28.9 0.2 

26.4 1.1 
2 .3 1.0 2~.2 0.8 
28.9 0.4 

26.4 1.4 
2~.4 1.4 
2 .3 1 .2  
29. I 0.9 

26.y o.2  
27.8 O. I 
28.9 -o. 1 
29.8 -o.2 

26.7 0.5 
2Z.9 0.4 
28.9 0.2 
29.9 -O.O 

26.7 0.8 
27.9 O. 
29.0 0.~ 
30.1 0.2 

26.8 I. I 
28.0 I .o 
29.1 0.8 
30.2 0.5 

PITCHING 
MOMENT 
COEF. 

-o. o8o 
-o. 072 
-o.o65 
-0.058 

-0. lO7 
-0.096 
-o.o87 
-0.077 

-o.o31 
-o. o29 
-o. o26 
-0.024 

-0.063 
-o.o58 
-o. 053 
-0.048 

-O. 094 
-o. 087 
-o. 079 
-0.073 

-o. 126 
-o.I 16 
-0. 106 
-0.097 

-o. 037 
-0.035 
-o. 033 
-0.030 

-o .073 
-o.o69 
-o.o65 
-o.o6o 

-0. IO9 
-o.  103 
-o.o97 
-o.o91 

-0.146 
-o.  137 
-o. 129 
-0. 121 
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THICKNESS T.E. 
AEROFOIL AT 0.05C ANGLE 

(percent (deg) 
or max.) 

OU 43-322 48.7 6.0 
GU 43-324 50.7 10. I 
GU 43-326 53.3 13.5 
GU 43-328 56. O 16.5 

GU 43-342 48.5 5.9 
GU 43-344 50.7 IO. I 
GU 43-346 53. I 13.5 
GU 43-348 55.5 16.5 

GU 43-362 49.3 5.8 
GU 43-364 51 .O 9.9 
GU 43-366 53.O 13. 4 
GU 43-368 55. O 16.4 

GU 43-382 50.2 5.5 
GU 43-384 51.6 9.8 
GU 43-386 53.1 13.3 
GU 43-388 54.5 16.4 

GU 43-422 44.9 7. I 
GU 43-42~ 47. I 12. o 
GU 43-426 49.5 16. I 
GU 43-428 52.0 19.6 

GU 43-442 45.2 7. o 
GU 43-444 47.2 11.9 
GU 43-446 49.4 16. o 
GU 43-448 51.6 19.6 

GU 43-462 46.0 6.9 
GU 43-464 47.6 1 I. 9 
GU 43-466 49.3 16. O 
GU 43-468 51.2 19.6 

GU 43-482 47. I 6.7 
GU 43-484 48. I 11.7 
GU 43-486 49.5 15.9 
GU 43-488 5O.8 19.7 

GU 43-522 42.4 48 67 
GU 43-524 44.5 I [ 
GU 43-526 46.7 19.6 
GU 43-528 49. I 24.1 

GU 43-542 42.8 8.6 
GU 43-544 44.6 14.6 
GU 43-546 46.6 19.6 
GU 43-548 48.6 24. I 

EXTENT OF FAV. MAX.CAMBER 
PRESSURE GRAD. (per POSITION 
(percent c) cent (percent 
TOP BOTTOM chord) chord) 

29@6 , . 3  35.. 
28.4 I . I  35.6 
27.4 26.0 0.8 40.6 
26.3 25.2 0.5 ~o.3 

30.4 26.7 2.7 34.6 
29.2 26.0 2.3 35.0 
28.1 25.3 I .8 35.9 
27.o 24.7 I .3 39.8 

31.2 25.5 4.1 34.6 
29.9 25.0 3.6 34.7 
28.8 24.5 2.9 35.3 
27.7 24. I 2.3 40.3 

31.9 24.3 5.6 3~.6 
30.6 24.0 4.9 34,26 
29.~ 23.7 4.1 34.9 
28.4 23.5 3.3 40.8 

39.2 37.5 I .4 43.7 
38.o 36.4 I .2 42.3 
36.8 35.4 0.9 41 .o 
35.7 34.5 0.6 45.2 

40.0 36.5 2.9 39.7 
38.7 35.6 2.4 42.9 
37.5 34.7 2.0 41.6 
36.4 33.9 I .6 41 .o 

4o.8 35.5 4.3 39.6 
39.5 34.7 3.7 43.6 
38.2 33.9 3.2 42.3 
37.1 33.3 2.6 41.1 

41.5 34.4 5.8 39.5 
40.2 33.7 5. I 39.9 
39.0 33. I 4.4 42.9 
37.8 32.6 3.8 41.7 

49.0 47.4 I .5 45.3 
47.7 46.2 I .2 47.8 
46.5 45.1 I .o 47.6 
45.3 44. I o. 7 48.5 

49.8 46.5 2.9 45.o 
48.4 45.4 2.5 47. I 
47.2 44.4 2.2 47.3_ 
46.1 43.5 1.8 47.6 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

7.3 30.8 
12.6 29.9 
17.2 29.o 
21.4 28.1 

7.2 31.1 
12.5 3O. I 
17.1 29.1 
21.3 28.2 

7.1 31.6 
12.4 30.4 
17.o 29.4 
21.2 28.5 

6.9 32.2 
12.2 30.8 
16.8 29.7 
21 .o 28.8 

7.9 36.0 
13.y 35.1 
18.8 34.2 
23.6 33.3 

7.8 36.3 
13.6 35.2 
18.8 34.3 
23.5 33.4 

7.7 37.o 
13.5 35.4 
18.6 34.4 
23.3 33.5 

7.5 38. I 
133 35:  
18.4 34 
23. I 33.7 

8.4 40.3 
14.7 39.6 
20.3 38.9 
25.5 38. I 

8.3 40.5 
14.6 39.7 
20.2 39. o 
25.4 38.2 
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ZERO LIFT LOW DRAG RANGE OF 
AEROFOIL LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

GO 43-322 -1.O O.116 0.12 0.23 0.35 
GU 43-324 -O.8 O.120 o.oo 0.24 0.48 
GU 43-326 -0.5 O.124 -O.12 0.25 0.62 
GU 43-328 -0.3 O.128 -o.26 O.26 o.77 

GU 43-342 -2.0 O.116 0.35 0.46 0.58 
GU 43-344 -1.7 O.120 0.24 0.48 0.72 
GU 43-346 -1.3 o.124 o.12 0.50 0.87 
GU 43-348 -0.9 O.128 O.OO 0.51 1.O2 

GU 43-362 -3.0 o.116 0.58 0.69 o.81 
GU 43-364 -2.6 0.120 0.48 0.72 0.96 
GU 43-366 -2.1 0.124 0.37 0.74 1.11 
GU 43-368 -1.6 O.127 0.25 0.76 1.27 

GU 43-382 -4.1 O.116 O.81 0.92 1.o4 
GU 43-384 -3.6 0.120 O.72 O.96 1.19 
GU 43-386 -3.0 0.124 0.62 0.99 1.35 
GU 43-388 -2 .4  O.127 O.51 1.02 1.52 

GU 43-422 -1.1 O.116 0.12 0.23 0.35 
GU 43-424 -0 .9  0.121 0.0o 0.24 0.48 
GU 43-426 -O.7 0.125 -0.13 0.25 0.63 
GU 43-428 -0 .4  0.130 -0.26 0.26 0.78 

GU 43-442 -2 .2  0.116 0.35 0.46 0.58 
GU 43-444 -I .9 O. 121 0.24 0.48 0.72 
GU 43-446 -1.5 O.125 o.13 0.50 0.87 
GU 43-448 -1.1 0.129 0.0o 0.52 1.o3 

GU 43-462 -3.3 o.116 0.58 o.7o o.81 
GU 43-464 -2 .9  0.121 0.48 0.72 0.96 
GU 43-466 -2 .5  O.125 0.38 0.75 1.12 
GU 43-468 -2 .0  O,129 O.26 O.77 1.29 

GU 43-482 -4.5 o.116 o.81 0.93 1.O4 
GU 43-484 -4.0 0.121 0.72 O.96 1.20 
GO 43-486 -3 .4  O.125 0.62 1.OO 1.37 
GU 43-488 -2 .8  O,129 O.52 1.03 1. 54 

GU 43-522 -1 .2  O.116 O.12 0.23 0.35 
GU ~3-524 -1.O O.122 0.OO 0.24 0.49 
GU 43-526 -o .8  o.127 -o.13 0.25 0.63 
GU 43-528 -0.5 0.131 -0.26 0.26 0.79 

GU 43-542 -2.4 O.116 0.35 0.47 0.58 
GU 43-544 -2.1 O.122 0.24 0.49 0.73 
GU 43-546 -1.7 O.127 0.13 0.51 0.88 
GU ~3-548 - I . 3  o.IaI o.oo 0.52 1.05 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

25.6 0.4 
26. I 0.3 
26.4 o. 1 
26.7 -o.  1 

25.6 1 .o 
26.1 0.8 
26.5 o.6 
26.8 o.2 

256 
26. I 1 
26.5 1 .O 
26.9 0.7 

25.6 2.1 
26.1 1.9 
26.5 1.6 
26.9 1.2 

25.9 0.5 
26.5 0,3 
26 -9 o .2 
27./4 -o. 1 

25.9 o.9 
26.5 o.8 
27.o o.6 
27.4 o.2 

25.9 1.5 
26.5 1.3 
27.0 1 .o 
27.5 o.7 

25.9 2.o 
26.5 1.8 
27.1 1.6 
27.6 1.2 

26.2 o.4 
26.9 0.3. 
2 .5 2~.2 O. 1 -0. I 

26.2 0.8 
26.9 0:~ 
27.6 
28.2 o. 1 

PITCHING 
MOMENT 
COEF. 

-O.O19 
-o.o17 
-o.o14 
-o.o12 

-o. 039 
-o.o34 
-0.029 
-o. 024 

-o.o59 
-0.050 
-o.043 
-o.o36 

-o. 078 
-O. 068 
-0.058 
-o. 049 

-0. O23 
-0.  020 
-0.018 
-0.016 

-0.046 
-o. 041 
-o.o36 
-0.032 

-O. 069 
-0.061 
-o. 054 
-o. 047 

-o.  092 
-0.082 
-o.o72 
-0.063 

-O.O26 
-o. 024 
-o .O21 
-O.O19 

-o.o53 
-o.o48 
-o .o43 
-o. o39 
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THICKNESS 
AEROFOIL AT O.O5c 

(percent 
of max.) 

OU 43-562 43.7 
GU 43-564 44.9 
GU 43-566 46.5 
GU 43-568 48.4 

OU 43-582 44.7 
OU 43-584 45.4 
GU 43-586 46.7 
GU 43-588 48.o 

GU 43-622 40.6 
OU 43-624 42.4 
GU 43-626 44.5 
OU 43-628 46.6 

GU 43-642 41.1 
GU 43-644 42.5 
GU 43-646 44.4 
GU 43-648 46.4 

OU 43-662 41 .7 
GU 43-664 42.8 
GU 43-666 /44.3 
GU 43-668 46. I 

GU 43-682 42.6 
GU 43-684 43.2 
OU 43-686 44.4 
GU 43-688 45.7 

GU 43-722 38.9 
GU 43-724 40.5 
OU 43-726 42.5 
OU 43-728 44.6 

GU 43-742 39.2 
GU 43-744 40.7 
GU 43-746 42.6 
OU 43-748 44.4 

GU 43-762 40.0 
GU 43-764 40.9 
GU 43-766 42.4 
GU 43-768 44.1 

GU 43-782 40.8 
OU 43-78~ 41.3 
GU 43-786 42.5 
OU 43-788 43.8 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

8.5 50.5 45.6 
14.5 49.2 44.5 
19.6 48.o 43.6 
24.1 46.8 42.8 

8.3 51.2 *4.7 
14.4 49.9 43.7 
19.6 48.7 42.8 
24. I 47.6 42. I 

11~[~ 58.9 57.4 
57.6 56. I 

24.8 56.4 55.0 
3o.4 55.4 54.o 

IO.8 59.6 56.7 
18.4 58.3 55.4 
24.8 5576.2 54.3 
3o.4 . I 53.4 

1o.7 60.2 55.9 
18.3 59.0 54.6 
24.8 57.9 53.6 
3o.5 56.9 52.7 

1o.6 60.9 55.1 
18.3 59.7 53.8 
24.8 58.7 52.8 
3o.6 57.6 52.o 

14.2 68.9 67.6 
24.2 67.7 66.4 
32.7 66.7 65.4 
4o.3 65.8 64.5 

14.2 69.5 66.9 
24.2 68.4 65.7 
32.7 67.4 64.7 
4o.3 66.6 63.8 

14.1 7o.1 66.3 
24.2 69.1 65.o 
32.7 68.2 64.0 
4o. 3 67.4 63.2 

14.o 7o.7 65.7 
24.1 69.8 64.3 
3P:47 68.9 63.3 
40 68.2 62.1-I. 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

4.4 45.9 
3.9 46.3 
3.4 47.4 
2.9 47.4 

5.9 46.6 
5.3 45.8 
4.7 47. I 
4.1 47.5 

I .4 49.3 
I .2 51.6 
I .O 56.4 
0.9 56.3 

2.9 48.6 
2.5 50.9 
2.2 56.0 
1 .9  56. I 

4.4 48.5 
3.49 5o.4 
3. 56.8 
3.0 56.2 

5.9 48.3 
5.3 50.0 
4.7 57.6 
4.2 56.6 

I .4 52.0 
1.2 5.7.4 
1.1 01 . I  
0.9 66. I 

2 .8  51.6 
2.5 58.4 
2.2 60.3 
I .9  66 .  I 

4.3 51.5 
3.8 59.4 
3.4 58.6 
3.0 65.4 

5.7 51.3 
5.1 53.5 
4.6 58.6 
4.2 64.3 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

8.2 40.9 
14.5 39.9 
2o. I 39. I 
25.3 38.3 

8.o 41.6 
14.3 4o.2 
19.9 39.3 
25. I 38.5 

8.~ 44.o 
15. 43.6 
21.6 43 .o 
27.3 42.4 

8.8 44.2 
15.5 43.7 
21.6 43.1 
27.3 42.5 

8.7 44.5 
15.4 43.8 
21.4 43.3 
27. I 42.7 

8.5 45.0 
15.2 44. I 
21.2 43.4 
26.9 42.8 

9.3 47.4 
16.4 47.2 
22.8 47. O 
29. I 46.6 

9.e 47.6 
16.3 47.3 
22.9 47.0 
29. I 46.7 

9- I 47.8 
16.2 47.5 
22.7 47.2 
28.9 46.8 

8.9 48.2 
16.0 47.8 
22.5 47.4 
28.7 47.0 
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ZERO LIFT LOW D~G RANGE OF 
AEROFOIL LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

GU 43-562 -3.6 0.117 0.58 0.70 o.81 
GU 43-564 -3.2 0.122 0.49 0.73 0.97 
GU 43-566 -2.7 0.127 0.38 0.76 1.13 
GU 43-568 -2.2 0.131 0.26 0.79 1.31 

GU 43-582 -4.8 O.117 O.82 0.93 1.O5 
GU 43-584 -4.4 0.122 0.73 0.97 1.21 
GU 43-586 -3.8 0.127 0.63 1.01 1.38 
GU 43-588 -3.2 O.131 0.52 1.05 1.56 

GU 43-622 -1.3 O.t17 O.12 0.23 0.35 
GU 43-624 -1.1 0.123 O.OO 0.25 0.49 
GU 43-626 -0.9 0.128 -0.13 0.26 0.64 
GU 43-628 -0.7 o.134 -0,27 0.27 0.8o 

GU 43-642 -2.6 0,117 0.35 o.47 o.58 
GU 43-644 -2.3 0.123 0.25 0.49 0.74 
GU 43-646 -2.o 0.128 o.13 o.51 o.9o 
GU 43-648 -1.6 O.133 o.oo 0.53 I.O6 

GU 43-662 -4.o O.117 o.59 o.70 o.82 
GU 43-664 -3.6 0.123 0.49 0.74 O.98 
GU 43-666 -3.1 0.128 0.38 0.77 1.15 
GU 43-668 -2.7 o.133 0.27 0.80 1.33 

GU 43-682 -5.3 0.117 0.82 o.94 I.O5 
GU 43-684 -4.9 o.123 0.74 0.98 1.22 
GU 43-686 -4.3 0.128 0.64 1.O2 1.40 
GU 43-688 -3.8 o.133 0.53 1.o6 1.59 

GU 43-722 -1.4 0.118 O.12 0.24 0.35 
GU 43-724 -1.3 0.124 O.00 0.25 0.50 
GU 43-726 -1.1 0.130 -0.13 O.26 o.65 
GU 43-728 -O.8 O.136 -O.27 O.27 0.82 

GU 43-742 -2 ~ 0.118 0.35 O.47 0.59 
GU 43-744 -2] ~ O.124 0.25 0.50 0.74 
GU 43-746 -2.3 O.130 O.13 O.52 O.91 
GU 43-748 -1.9 O.136 O.OO 0.54 I.O8 

GU 43-762 -4.3 O.118 0.59 0.77 0.82 
GU 43-764 -4.0 O.124 0.50 0.74 0.99 
GU 43-766 -3.6 O.130 0.39 0.78 1.17 
GU 43-768 -3.1 O.136 O.27 O.81 1.35 

GU 43-782 -5.8 O. 118 O. 82 O. 94 I. O6 
GU 43-784 -5.4 O. 124 0.74 0.99 I .24 
GU 43-786 -4. -4. 94 0.130 O.65 I.O4 1.42 
GU 43-788 0.136 0.54 1.08 1.62 

AERODYNAMIC 
CENTRE PQSN. 
(percent c) 
x y 

26.1 I .3 
27.0 I .I 
27.7 o.9 
28.3 0.6 

26.2 1:67 
27.0 I 
27.7 I .4 
28.4 I .O 

26.4 o.3 
27.5 0.3 
28.3 o. I 
29.2 O. I 

26.5 o.7 
27.5 0.6 
28.4 o.4 
29.3 O. I 

26.5 I .I 
27.6 I .0 
28.5 0.8 
29.4 0.4 

26.5 I .4 
27.6 1.4 
28.6 1.2 
29.5 0.9 

26.8 o .2 
28.0 o. I 
29.2 -O .  1 
30.4 -0.3 

26.8 0.5 
28, I o.4 
29.3 O. I 
30.4 -o. I 

26.9 0.8 
28.2 o 
29.4 O:I 
30.6 O. 1 

26.9 I. I 
28.3 I .0 
29.5 0.8 
30.7 0.5 

PITCHING 
MOMENT 
COEF. 

-o. o81 
-o. o73 
-o.o65 
-0.058 

-o. I o8 
-o. 097 
-o.o87 
-o. 078 

-0.031 
-0.029 
-0.026 
-0. O24 

-0.063 
-0.058 
-o.o53 
-o.o49 

-o.o95 
-0.o87 
-o.o8o 
-o.o74 

-0. 126 
-0.117 
-0.107 
-O. O99 

-O. 037 
-o.o35 
-o. 034 
-o. O32 

-0.073 
-o. o7o 
-o.o66 
-o. 062 

-o.I 1o 
-O. lO4 
-0.098 
-o. o93 

-0. 146 
-o. 138 
-o. 131 
-O. 123 
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THICKNESS T. E. 
AEROFOIL AT 0.05c ANGLE 

(percent (deg) 
o f  max.) 

GU 45-322 48.3 7.3 
GO 45-324 50.2 12.2 
GU 45-326 52.8 16.3 
GU 45-328 55.5 19.9 

GU 45-342 48.1 7. I 
GU 45-344 50.3 12.1 
GU 45-346 52.7 16.2 
Gu 45-348 55.0 19.8 

GU 45-362 48.9 6.9 
GU 45-364 50.6 II.9 
GU 45-366 52.5 16.1 
GU 45-368 54.5 19.7 

GU 45-382 49.8 6.6 
GU 45-384 51. I 11.6 
GU 45-386 52.6 15.9 
GU 45-388 54. O 19.6 

GU 45-422 44.6 8.5 
GU 45-424 46.7 14.3 
GU 45-426 49. I 19.2 
Gu 45-428 51.6 23.4 

GU 45-442 44.8 8.4 
GU 45-444 46.8 14.2 
OU 45-446 49.0 19. I 
GU ~5-448 51. I 23.4 

GU 45-462 45.7 8.2 
GU 45-464 47. I 14. I 
GU 45-466 48.9 19.0 
OU 45-468 50.8 23.3 

GU 45-482 46.7 7.9 
GU 45-484 47.7 13.8 
GU 45-486 49.0 18.8 
GU 45-488 50.4 23.2 

GU 45-522 42.1 1o. 1 
GU 45-52/4 44.1 17.2 
GU 45-526 46.3 23. I 
Gu 45-528 48.7 28.3 

SU 45-542 42.5 10.1 
GU 45-544 44.2 17. I 
GU 45-546 46.2 23.O 
GU 45-548 48.2 28.3 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

29.6 27.8 
28.5 26.9 
27.5 26.2 
26.5 25.4 

30.5 26.7 
29.3 26. I 
28.2 25.5 
27.2 24.9 

31.3 25.6 
30. I 25.1 
28.9 24.7 
27.9 24.3 

32. O 24.3 
30.8 24. I 
29.6 23.8 
28.5 23.6 

39.3 37.6 
38. I 36.5 
37.0 35.6 
35.9 3~.8 

40.1 36.6 
38.9 35.7 

40.9 345.6 
39.6 3 .8 
38.5 34.1 
37.3 33.5 

41.6 34.5 
40.3 33.8 
39.2 33.3 
38.0 32.8 

47.9 
46.7 45.4 
45.7 44.5 

49.9 46.6 
48.6 45.6 

43.8 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

I .3 35.5 
I .I 35.7 
0.8 40.8 
0.5 40.7 

2.7 34.7 
2.3 35.1 
1.8 36. I 
1 -3 40.0 

4. I 34.6 
3.6 34.8 
3.o 35.4 
2.3 40.6 

5.6 34.6 
4 . 9  34.7 
4. I 35.0 
3.4 35.7 

i .4 43.8 
I .2 42.5 
0.9 41.2 
0 . 6  45.5 

2.9 39.8 
2.4 43. I 
2.0 41.9 
I .6 41.3 

4.3 39.7 
3.7 43.7 
3.2 42.5 
2.6 41.3 

5.8 39.6 
5. I 39.9 
4.4  43 .2  
3.8 42.o 

I .5 45.4 
1.2 48.0 
I .o 47.8 
0.7 48.8 

2.9 45.1 
2 . 5  47.3 
2.2 47.5 
I. 8 47.9 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

7.3 31.3 
12.7 3o.4 
17.4 29.5 
21.7 28.7 

7.3 31.6 
12.6 30.6 
17.3 29.7 
21.6 28.8 

7.2 32.o 
12.5 30.9 
17.2 29.9 
21.5 29.1 

7.0 32.5 
12.3 31.2 
17.o 30.2 
21.3 29.3 

8.o 36.5 
13.9 35.6 
19.1 34.8 
23.9 33.9 

7.9 36.8 
13.8 35.7 
19.O 34.8 
23.8 34.0 

13.7 .o 
18.8 34.9 
23.7 34. I 

7.6 38.7 
13.5 36.5 
18.7 35.3 
23.5 34.3 

8.5 40.8 
14.9 4o.2 
2o. 5 39.5 
25.9 38.8 

8.4 41 .O 
14.8 40.3 
20.5 39.6 
25.7 38.9 
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AEROFOIL 

GU 45-322 
GU 45-324 
GU 45-326 
GU 45-328 

GU #5-342 
GU 45-344 
GU 45-3#6 
GU 45-348 

GU 45-362 
GU #5-36~ 
GU #5-366 
GU 45-368 

eu 45-382 
GU #5-38~ 
GU 45-386 
GU 45-388 

GU 45-422 
eu ~5-42# 
GU 45-426 
GU 45-428 

GU 45-#~2 
GU ~5-#~4 
GU 45-#46 
GU #5-448 

GU 45-#62 
GU 45-#6# 
GU 45-466 
GU 45-#68 

GU #5-#82 
GU 45-~8~ 
GU 45-486 
GU 45-488 

GU 45-522 
GU 45-524 
GU 45-526 
GU #5-528 

GU 45-542 
GU 45-5#4 
GU 45-546 
GU 45-548 

ZERO 
LIFT 

INCIDENCE 
(deg) 

-I .0 
-0.8 
-0.5 
-0.3 

-2.0 
-I -7 
-I .3 
-0.9 

-3.0 
-2.6 
-2. I 
-I .6 

-4. I 
-3.6 
-3.0 
-2.4 

-I .I 
-0.9 

:°:t 
-2.2 
-1.9 
-1.5 
-1.1 

-3.3 
-2.9 
-2.5 
-2.0 

-#.  5 
-#.0 
-3.# 
-2 .8  

-1.2 
-1.0 
-0 .7  
-0.5 

-2.4 
-2.1 
-1 -7 
-1.3 

LIFT 
CURVE 
SLOPE 

(/deg) 

o.116 
0.120 
0.124 
0,128 

0.116 
0.120 
0.124 
0.128 

0.116 
O. 120 
O. 12# 
O. 128 

0.116 
0.120 
0.12# 
0.128 

o.116 
0.121 
0.126 
o.13o 

o.116 
o.121 
o,126 
o.13o 

o.116 
o.121 
0.126 
o.13o 

o.116 
0.121 
0.126 
o.13o 

o.117 
o.122 
o.127 
o.132 

o.117 
0.122 
0.127 
0.132 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

LOWER DESIGN UPPER 
LIMIT LIMIT 

o.12 0.23 0.35 
o.0o 0.2# 0.48 

-o.12 0.25 0.62 
-o .26  0.26 0.77 

0.35 0.#6 0.58 
0.24 0.48 0.72 
o.12 0.50 0.87 
o.oo o.51 1.o2 

O. 8 0.69 0.81 
o.~8 0.96 0.72 
0.37 0.74 1.11 
0.26 0.77 I .27 

O. 81 O. 92 1.04 
0.72 0.96 1.20 
0.62 0.99 1.36 
o.51 1.o2 1.52 

0.12 0.23 0.35 
0.00 0.24 0.#8 

-0.13 0.25 0.63 
-0.26 0.26 0.78 

0.35 0.#6 0.58 
0.2# 0.48 0.73 
o.13 o.5o o.88 
o.oo 0.52 1.o4 

0.58 0.70 o.81 
o.48 0.73 o.97 
0.38 0.75 1.13 
0.26 0.78 1.29 

o.81 0.93 1.o# 
0.73 0.97 1.21 
0.63 1.oo 1.37 
0.52 1.o3 1.55 

0.12 0.23 0.35 
0.00 0.2# 0.# 

-0.13 0.25 0.6~ 
-0.26 0.26 0.79 

o.3~ o.47 o.58 
0.24 o.#9 0.73 
0.13 0.51 0.89 
0.00 0.53 1.05 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

25.7 o.4 
26.2 0.3 
26.6 o.1 
26.9 -o. 1 

25.7 1 .o 
26.2 0.8 
26.6 0.6 
27.0 o.2 

25.7 1.5 
26.2 1.4 
26.7 1 .o 
27.1 o.7 

25,7 2.1 
2 6 2  
26.7 1 
27.1 1.2 

26.0 0.5 
26.6 0.3 
27.1 o.1 
27.6 -0. I 

26.o o.9 
26.6 0.8 
27.2 0.5 
27,7 o.2 

26.0 1.5 
26.6 1,3 
27.2 1 .o 
27.8 0.7 

25.9 2.0 
26.7 I .8 
27.S 1.6 
27.15 1.2 

26.2 0.4 
27.0 0.3 
27. o. 1 
28 . I  1 - 0 .  

26.3 0.8 
O. 27.1 0.~ 

27.8 
28.5 0.1 

PITCHING 
MOMENT 
COEF. 

-0.O19 
-0.017 
-0.O1# 
-O.O12 

-o.o3 
-o.o3~ 
-o. o29 
-o. 024 

-o.o59 
-o.o51 
-o. 0#3 
-o. 036 

-o. 079 
-o.o68 
-o.o58 
-o. 049 

-0.023 
-0.020 
-o.o18 
-o.o16 

-o.o46 
-o.o#I 
-0.036 
-0.032 

-o.069 
-0.061 
-0.054 
-0.048 

-o.o93 
-o. o82 
-o. o73 
-0.06# 

-o. O26 
-o. O2# 
-0.021 
-o.o19 

-o.o53 
-o.o48 
-o. o#~ 
-0.039 
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THICKNESS 
AEROFOIL AT 0.05c 

(percent 
o f m x . )  

GU 45-562 43 .3  
GU 45-564 44.5 
GU 45-566 46.1 
GU 45-568 47.9 

GU 45-582 44.3 
GU 45-584 45.0 
OU 45-586 46.3 
OU 45-588 47.5 

GU 45-622 40.4 
OU 45-624 42.1 
GU 45-626 44.1 
GU 45-628 46.2 

GU 45-642 40.8 
GU 45-644 42.2 
GU 45-646 44.1 
GU 45-648 46.0 

GU 45-662 41.3 
GU 45-664 42.4 
GU 45-666 44.0 
GU 45-668 45.7 

GU 45-682 42.3 
GU 45-684 42.9 
GU 45-686 44.1 
GU 45-688 45.3 

GU 45-722 38.8 
OU 45-724 40.2 
GU 45-726 42.1 
GU 45-728 44.2 

GU 45-742 39.0 
GU 45-744 40.4 
GU 45-746 42.2 
GU 45-748 44.1 

GU 45-762 39.7 
GU 45-764 40.7 
OU 45-766 42.1 
GU 45-768 43.8 

GU 45-782 40.5 
GU 45-784 41.o 
GU 45-786 42.2 
GU 45-788 43.4 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

9.9 50.6 45.7 
17.o 49.4 44.7 
22.9 48.2 43.9 
28.2 47. I 43.1 

.I 43.8 
22.8 49. o 43. I 
28. I 47.9 42.4 

21.2 57.8 .3 
28.5 56.7 55.3 
35. I 55.8 54.4 

12.4 59.7 56.8 
21 .I 58.5 55.6 
28.5 57.5 54.6 
35. I 56.5 53.8 

12,3 60.4 56.o 
21.0 59.2 54.8 
28.4 58.2 53.9 
35.0 57.3 53. I 

12.1 61.1 55.2 
20.9 60.0 54. I 
28.4 59.0 53.1 
35.0 58.0 52.4 

15.9 69.0 6667]67 
27.1 68. o 
36.6 67. I 65.7 
45. I 66.3 65.o 

15.9 69.6 67.1 
27. I 68.6 65.9 
36.6 67.8 65.o 
45. I 67. I 64.3 

15.8 70.3 66.4 
27.0 69.3 65.3 
36.5 68.6 64.3 
45. I 67.8 63.6 

15.6 70.9 65.8 
26.9 70.0 64.6 
36.5 69.3 63.6 
45. I 68.6 62.9 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

4.4 46.0 
3.9 46.5 
3.4 47.5 
2.9 47.6 

5.9 46.7 
5.3 45.8 
4.7 47.2 
4. I 47.7 

I .4 49.4 
1.2 51.7 
I .o 56.6 
0.9 56.7 

487 
2 5o.9 
2.2 56.3 
I .9 56.5 

4.4 48.5 
3.9 50.4 
3.4 57.1 
3.o 56.4 

5.9 48.4 
5.3 5o.o 
4.7 57.9 
4.2 57.0 

1.4 51.9 
1.2 57.6 
I .1 61.4 
I 0o 66.4 

2.8 51.7 
2.5 58.6 
2.2 58.4 
1.9 66.4 

4.3 51.5 
3.8 59.6 
3.4 58.9 
3.o 65.4 

5.7 51.3 
5.1 53.5 
4.6 58.9 
4.2 61.9 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

8.3 41.5 
14.6 40.5 
20.3 39.7 
25.7 39.0 

8.1 42.3 
14.4 40.8 
20. I 39.9 
25.4 39.2 

9.0 44.6 
15.8 44.2 
21. 43.7 
27.69 43.2 

8.9 44.8 

43.8 
27.6 43 -3 

8.7 45.1 
15.5 44.5 
21 -7 44.0 
27.5 43.4 

8.5 45.6 
15.3 44.8 
21.5 44.2 
27.3 43.6 

9.4 47.9 
16.5 47.8 
23. I 47.6 
29.4 47.4 

9.3 48.0 
16.5 47.9 
23. I 47.7 
29.4 47.5 

169.2 48.3 
.4 48.1 

22.9 47.9 
29.3 47.6 

9.0 48.8 
16.2 48.4 
22.8 48. I 
29.1 47.8 
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ZERO LIFT LOW DRAG RANGE OF 
AEROFOIL LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

GU 45-562 -3.6 o. 117 o. 58 0.70 0.82 
GU 45-564 -3.2 O. 122 0.49 0.73 0.97 
GU 45-566 -2.8 O. 127 0.38 0.76 I. 14 
OU 45-568 -2.3 o.132 0.26 0.79 1.31 

GU 45-582 -4.8 O.117 O.82 0.93 1.O5 
GU 45-584 -4.4 O. 122 0.73 o.97 1.22 
GU 45-586 -3.8 O.127 O.63 1.O1 1.39 
GU 45-588 -3.3 O. 132 O. 53 I. 05 I. 57 

GU 45-622 -1 .3  o.117 o.12 0.23 0.35 
,45-62,  -1.1 o.123 o.oo 0.25 0.49 

GU 45-626 -o. 9 o. 129 -o. 13 o.26 o .64 
GU 45-628 -O.7 O. 134 -O.27 0.27 O.80 

GU 45-642 -2.6 O. 117 O. 35 0.47 O. 59 
GU 45-644 -2.3 O. 123 o.25 0.49 0.7 
GU 45-646 -2 .0  0.129 0.13 0.51 0.90 
GU 45-648 -I .6 O. 1341-I • 0.00 0.54 I .O7 

GU 45-662 -4. O O. 117 O. 59 O. 70 O. 82 
GU 45-664 -3.6 O. 123 0.49 O.74 0.98 
GU 45-666 -3. I O. 129 O. 39 O. 77 I. 15 
GU 45-668 -2.7 o.134 0.27 0.80 1.33 

GU 45-682 -5.3 O.118 0.89. 0.94 I.O5 
Gu 45-684 -4 .9  o.123 o.74 o.98 1 .23 
Gu 45-686 -44 O. 129 O. 1.03 1.41 64 
GU 45-688 -3 .8  O. 134 O. 54 I .  07 I .  6O 

GU 45-722 -1.4 o.118 0.12 0.24 0.35 
GU 45-724 -1.3 o.124 O.00 0.25 O.50 
GU 45-726 -I.O O.131 -o.13 o.26 O.65 
GU 45-728 -O.8 0.137 -O.27 o.27 O.82 

GU 45-742 -2.9 O. 118 O. 35 O. 47 O. 59 
GU 45-744 -2.6 O.124 0.25 0.50 0.7 4 
GU 45-746 -2.3 0.131 o.13 0.52 o.91 
GU 45-748 -1.9 0.137 0.00 0.55 1.09 

GU 45-762 -4.3 0.118 0.59 0.71 0.82 
GU 45-764 -4.0 O. 124 O. 50 0.75 0.99 
G,J 45-766 -3.6 o.131 0.39 0.78 1.17 
OU 45-768 -3.1 o.137 o.27 0.82 I .36 

GU 45-782 -5.8 O.118 0.83 0.94 1.O6 
GU 45-784 -5.4 O. 125 O. 75 I. o 94 I • 0.9 .24 
GU 45-786 -4.9 O. 131 O. 65 1.43 
GU 45-788 -4.4 O. 137 O. 55 I. 09 I. 63 

AERODYNAMIC 
CENTRE POSN. 
(percent c) 
x y 

26.2 1.3 
27.1 1.1 
2 .9 [~ 
2~.6 0 0 

262  
27. i I 
27.9 1.4 
28.7 I .o 

26.5 0.3 
27.6 0.3 
28.5 o. I 
29.5 -o. I 

26.5 O.7 
27.6 0.6 
28.6 0.4 
29.5 O. I 

26.6 I. I 
2 .7 2~.7 1 .O 

0.7 
29.6 0.4 

26.6 1.4 
, .  
1.2 

29.8 0.9 

26.8 0.2 
28.2 0.1 
29.4 -o. I 
3o. 6 -O. 3 

26.9 0.5 
e8.e 0.3 
29.5 o. I 
3o.7 -o.2 

27.0 0.8 
28.3 0.7 
29.6 o.4 
30.8 o.1 

27.0 I. 1 
28.4 I .o 
29.7 0.8 
30.9 0.4 

PITCHING 
MOMENT 
COEF. 

-0.081 
-0. 073 
-0.066 
-0.059 

-o. 108 
-o.o98 
-o. 088 
-o. 079 

-o.o31 
-o.o29 

.02 
-o-°. 02~[ 

-o.o63 
-o.o58 
-0.054 
-0.049 

-O.O95 
-0.088 
-0.081 
-0.075 

-O. 127 
-o.11~ 
-o. IO 
-o. 099 

-0.037 
-o. 035 
-o. 034 
-o.  032 

-O. 073 
-o. 070 
-O.O66 
-o. 063 

-o. 11o 
-o. IO4 
-0.099 
-o. 094 

-o. 147 
-O. 139 
-0.132 
-o. 124 
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AEROFOIL 
THICKNESS 
AT 0.05c 
(percent 
of max. ) 

T.E. EXTENT OF FAV. MAX.CAMBER 
ANGLE PRESSURE GRAD. (per POSITION 
(deg) (percent c) cent (percent 

TOP BOTTOM chord) chord) 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

GU 61-322 52.3 4.5 29.0 27.2 1.2 35.8 8.8 29.5 
GU 61-324 57.3 7.8 27.1 25.8 -O.7 1.1 15.8 27.8 
GU 61-326 62.0 1o.6 25.2 24.5 -1.5 2.4 22.3 26.2 
GU 61-328 66.1 13.2 23.3 23.4 -2.5 4.1 28.6 24.8 

GU 61-342 52.3 4.5 29.8 26.2 2.5 35.1 8.7 29.8 
GU 61-344 56.9 7.8 27.8 25.1 1.6 4o.9 15.7 28.1 
GU 61-346 60.9 10.7 25.9 24.1 -1.3 3.0 22.2 26.5 
GU 61-348 64.O 13.3 24.O 23.3 -2.3 5.1 28.5 25.1 

GU 61-362 53.1 4.5 30.6 25.2 3.8 34.8 8.6 30.4 
GU 61-364 56.6 7.9 28.6 24.4 2.8 36.0 15.5 28.5 
GU 61-366 59.7 11.O 26.6 23.7 1.5 39.2 22.0 26.8 
GU 61-368 61.2 13.7 24.7 23.2 -1.8 6.0 28.2 25.4 

GU 61-382 53 ~ 4.4 31.3 24.O 5.2 34.7 8.4 31.O 
GU 61-384 56[v 8.0 29.3 23.6 4.O 35.3 15.4 28.9 
GU 61-386 58.3 11.1 27.4 23.2 2.5 39.8 21.8 27.2 
GU 61-388 57.7 14.O 25.4 23.0 -I.2 6.8 27.9 25.8 

GU 61-422 48.9 5.4 38.6 36.9 1.2 43.o 9.5 34.6 
GU 61-424 53.6 9.3 36.5 35.2 -0.7 1.1 11.2 33.0 
GU 61-426 58.2 12 ~ 34.4 33 ~ -1.5 2.4 2 .4 31.4 
GU 61-428 62.1 15[ 32.3 32[ -2.5 4.0 31.3 29.9 

GU 61-442 48.9 5.3 39.4 36.0 2.6 43.7 9.4 3J4.7 
GU 61-444 53.1 9.3 37.3 34.5 1.9 41.4 17.O 33.1 
GU 61-446 57.2 12.8 35.2 33.2 -1.4 3.0 24 3. 31.5 
GU 61-448 60.4 16.O 33.1 32.2 -2.4 5.1 31.3 30.2 

GU 61-462 49.8 5.4 40.1 35.O 4.1 39.8 9.3 35.1 
GU 61-464 53.1 9.5 38.0 33.8 3.0 42.1 16.9 33.2 
GU 61-466 56.2 13.1 35.9 32.7 1.8 43.7 24.1 31 7 
GU 61-468 57.8 16.4 33.8 31.9 -2.0 5.9 31.0 30[ 4 

GU 61-482 50.7 5.3 40.8 34.0 5.5 39.7 9. I 36.0 
GU 61-484 53.1 9.5 38.7 33.0 4.3 42.7 16.7 33.4 
GU 61-486 55.0 13.2 36.7 32.1 3.0 40.8 23.8 31.9 
GU 61-488 54.7 16.7 34.6 31.6 1.4 43.8 30.8 3O.7 

GU 61-522 46.5 6.6 48.3 46.7 1.3 47.4 IO.I 38.7 
GU 61-524 50.7 11.5 46.2 44.9 0.8 48.9 18.3 37.2 
GU 61-526 55.2 15.7 44.0 43.2 -1.5 2.3 26.1 35.7 
GU 61-528 59.2 19 6. 41.9 41.9 -2.6 4.O 33.9 34.4 

GU 61-542 46,7 6.6 49.1 45.9 2.7 46,O 10.O 38.8 
GU 61-544 50.7 11.5 46.9 44.2 2.0 47.5 18.3 37.4 
GU 61-546 54.5 15.8 44.8 42.7 -1.4 3.0 26.i 35.9 
GU 61-548 57.6 19.8 42.6 41.5 -2.5 5.0 33.8 34.6 
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ZERO LIFT 
AEROFOIL LIFT CURVE 

INCIDENCE SLOPE 
(deg) (/deg) 

GU 61-322 -0.8 O.117 
GU 61-324 -O.3 O.123 
GU 61-326 O.4 O.129 
GU 61-328 1.3 0.13 4 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

LOWER DESIGN UPPEB 
LIMIT LIMIT 

O. 12 0.23 0.35 
0.4 O.OO O.25 O. 694 

-o. 13 0.26 
-o.27 o.27 o. 80 

AERODYNAMIC PITCHING 
CENTRE POSN. MOMENT 
(percent c) COEF. 
x y 

25.6 0.3 -o.o18 
25.9 -o.2 -o.o14 
26.2 -o.9 -O.OLO 
26.6 -1.9 -o.oo6 

GU 61-342 -1.8 0.117 0.35 0.47 0.58 25.6 0.8 -0.037 
GU 61-344 -1.1 O.123 0.25 0.49 0.73 26.0 0.3 -0.028 
GU 61-346 -0.2 O.128 O.13 O.51 0.90 26.4 -0.5 -0.020 
GU 61-348 0.9 O.134 O.OO 0.53 1.O7 26.8 -1.5 -O.O11 

GU 61-362 -2.8 O.117 O.58 O.70 O.82 25.6 1.4 -O.O55 
GU 61-364 -1.9 O.123 0.49 0.73 0.98 26.1 0.8 -O.042 
GU 61-366 -0.9 0.128 0.38 0.77 1.15 26.5 o.o -0.030 
GU 61-368 0.3 0.133 0.27 0.80 1.33 27.O -I.O -0.017 

GU 61-382 -3.8 O.117 0.82 0.93 1.05 
GU 61-384 -2.8 O.122 0.73 0.98 1.22 
GU 61-386 -1.6 O.128 0.64 1.02 1.40 
GU 61-388 -0.4 O.133 0.53 1.O6 1.58 

256 
26.1 1 
26.6 0.6 
27.2 -0.4 

GU 61-422 -0.9 O.117 o.12 
GU 61-424 -O.4 O.124 O.OO 
GU 61-426 0.3 O.130 -O.13 
GU 61-428 1.2 O.137 -O.27 

o.23 o.35 25.8 o.3 
o.25 o.5o 26.3 -0.2 
o.26 o. 65 26.8 -o.9 
0.27 0.82 27.4 -1.9 

-o.o74 
-0.057 
-0.040 
-0.023 

-O.O22 
-O.O18 
-O.O14 
-O.O10 

GU 61-442 -2.0 0.117 0.35 0.47 0.59 25.9 0.8 -0.044 
GU 61-444 -1.3 O.124 o.25 o.49 0.74 26.4 0.2 -o.o36 
GU 61-446 -0.4 O.130 O.13 O.52 o.91 27.0 -0.5 -0.027 
GU 61-448 0.7 o.136 o.0o 0.54 1.o9 27.6 -1.5 -o.o17 

GU 61-462 -3.1 o.117 0.59 0.7o 0.82 25.9 1.3 
GU 61-464 -2.2 O.124 0.49 0.74 0.99 26.5 0.8 
GU 61-466 -1.2 0.130 0.39 0.78 116. 27.1 -O.O 
GU 61-468 O.O 0.136 0.27 o.81 1.35 27.8 -1.O 

-0.065 
-0.053 
-o.o41 
-0.027 

GU 61-482 -4,2 o.118 0.82 0.94 1.o5 25.9 1.,8 -o.o88 
GU 61-484 -3.2 O.124 0.74 0.99 1.23 26.5 1.4 -0.071 
GU 61-486 -2.0 O. 129 0.65 I .03 I .41 27.3 0.6 -0.055 
GU 61-488 -O.7 0.135 0.54 1.08 1.61 28.0 -0.4 -0.037 

GU 61-522 -1.O O.118 O.12 0.24 0.35 26.1 o.2 
GU 61-524 -0.5 o.125 O.OO 0.25 o.5o 26.8 -o.3 
GU 61-526 0.3 O.132 -O.13 0.26 0.66 27.5 -1.O 
GU 61-528 1.2 O.139 -0.28 0.28 0.83 28.3 -2.o 

GU 61-542 -2.2 O.118 0.35 0.47 0.59 26.1 0.7 
GU 61-544 -1.5 O.125 0.25 0.50 0.75 26.9 0.2 
GU 61-5'[t6 -O. 5 O. 132 O. 13 O. 53 O. 92 27.7_ -O. 6 
GU 61-548 0.6 0.139 0.00 0.55 1.11 28.6 -1.6 

-O.O25 
-o.o21 
-o.o17 
-O.O12 

-o.o51 
-0.043 
- 0 . 0 3 4  
-0.025 
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THICKNESS T.E. EXTENT OF FAV. 
AEROFOIL AT O.O5c ANGLE PRESSURE GRAD. 

(percent (deg) (percent c) 
of max.) TOP BOTTOM 

GU 61-562 47.3 6.6 49.8 45.1 
G, 61-564 5o., 11.7 43.4 
GU 61-566 53.5 16.1 ~j.o 42.1 
GU 61-568 55.3 20.2 43.4 41.1 

GU 61-582 48.2 6.6 50.5 44.1 
GU 61-584 50.5 11.7 48.4 42.7 
GU 61-586 52.5 16.3 46.3 41.5 
GU 61-588 52.5 20.5 44.2 40.6 

GU 61-622 44.3 8.5 58.1 56.7 
GU 61-624 48.6 14.7 56.0 54.7 
GU 61-626 52.9 20.2 54.0 53.1 
GU 61-628 56.7 25.3 51.9 51.7 

GU 61-642 44.7 8.4 58.8 56.0 
GU 61-644 48.5 14.8 56.8 54.1 
GU 61-646 52.2 20.3 54.7 52.5 
GU 61-648 55.3 25.4 52.6 51.3 

GU 61-662 45.2 8.5 59.5 55.2 
GU 61-664 48.3 14.9 57.5 53.4 
GU 61-666 51.3 20.6 55.5 51.9 
GU 61-668 53.2 25.9 53.4 50.8 

GU 61-682 46.0 8.4 60.2 54.4 
GU 61-684 48.3 15.o 58.3 52.7 
GU 61-686 50.4 20.8 56.3 51.2 
GU 61-688 50.6 26.2 54.3 50.2 

GU 61-722 42.8 11.5 68.2 66.9 
GU 61-724 46.7 20.0 66.2 65.0 
GU61-726 50.9 27.6 64.4 63.5 
GU 61-728 54.6 34.5 62.5 62.3 

GU 61-742 43.0 11.5 68.8 66.3 
GU 61-744 46.7 20.1 66.9 64.4 
GU 61-746 50.3 27.7 65.1 62.9 
GU 61-748 53.3 34.7 63.3 61.8 

GU 61-762 43.4 11.5 69.4 65.6 
GU 61-764 46,4 20.3 67.7 63.7 
GU 61-766 49.5 28.0 65.9 62.2 
GU 61-768 51.3 35.1 64.1 61.1 

GU 61-782 44.1 11.5 70.1 65.0 
GU 61-784 46.4 2o.3 68.4 63.1 
GU 61-786 48.6 28.2 66.7 61.6 
GU 61-788 49.0 35.4 65.0 60.5 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord ~ 

4.2 45.4 
3.3 47.3 
2.2 47.8 

-2 .1  5 .9  

5.6 46.0 
4.6 47.0 
3 .3  47.3 
2.0 48.6 

I .3 50.9 
0.9 56.5 

-I .6 2.3 
-2.7 4. I 

2.7 49.9 
2.0 55.9 

- . 5.0 

4. I 49.4  
3 .3  56.4 
2 .4  57.1 

- 2 . 3  5 .9  

5.6 49.1 
4.6 57.2 
3 .6  55.9 
2.3 55.9 

I .3 54.6 
O. 66.o 

-I .~ 2.3 
-2.8 4.2 

2,6 53.1 
2.0 60.0 

-I .6 3.0 
-2.8 5.1 

4.0 52.6 
3.3 58.1 
2.6 65.5 

-2.4 5.8 

5.5 52.3 
4.5 58.3 
32] ~ 65.1 

65.3 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

9.9 39. I 

25.9 . I 
33.6 34.8 

9.7 39.5 
17.9 367.6 
25.7 3 .3 
33.2 35.0 

1o.6 42.3 
19.4 41 .I 
27.8 39.8 
36.4 38.6 

IO.6 42.5 
19.4 41.2 
27.8 39.9 
36.3 38.8 

IO .4 42.6 
19.2 41.3 
27.7 40. I 
36. I 39.o 

IO.2 42.9 
19.o 41.5 
27°4 4o.3 
35.8 39.2 

11.2 45.7 
20.4 44.7 
29.6 43.7 
38.9 42.8 

11 .I 45.8 
20.4 44.8 
~:6 43.9 

9 43.0 

1o.9 45.9 

29.4 o 
38.5 43.1 

1o.7 46.2 
20. I 45. I 
29.2 44.2 
38.3 43.3 
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ZERO LIFT 
AERO~OIL LIFT CUHVE 

INCIDENCE SLOPE LOWER 
(deg) (/deg) LIMIT 

GO 61-562 -3.4. 0.118 0.59 
GO 61-564 -2.5 o.125 o.5o 
GO 61-566 -1.4 o.132 0.39 
GU 61-568 -o.2 o. i38 o.28 

GU 61-582 -4.6 0.118 0.83 
GO 61-5  -3.6 o.125 075 
GU 61-586 -2.4 0.131 O. 66 
GU 61-588 -1.1 O.138 0.55 

GU 61-622 -1.1 o.119 0.12 
GU 61-624. -O.6 0.126 0.00 
GU 61-626 0.I 0.134. -0.13 
GU 61-628 1.1 0.I~2 -O.28 

GU 61-642 -2.4. 0.119 0.36 
GU 61-64.4 -1.7 O.126 0.25 
GU 61-64.6 -o.8 O.134. O.13 
GU 61-648 o.4 O.14.2 O.OO 

OU 61-662 -3-7 O.119 0.59 
GU 61-664 -2.9 O.126 0.50 
GU 61-666 -1.8 0.134 0.40 
GU 61-668 -0.5 O.141 0.28 

GU 61-682 -5.0 o.119 o.83 
GU 61-684 -4.1 O.126 0.76 
GU 61-686 -2.9 o.133 0.67 
GU 61-688 -1.5 0.14.1 0.56 

GU 61-722 -1 .2  o.119 0.12 
GU 61-724. -0 .7  0.128 0.00 
GU 61-726 0.0 0.137 -0.14. 
GU 61-728 1.0 0.14.6 -0.29 

GU 61-742 -2.7 O.119 0.36 
GU 61-744 -2.0 O.128 0.26 
GU 61-746 -1.1 0.136 0.14 
GU 61-748 o.1 o.14.6 o.oo 

GU 61-762 -4.1 O.119 0.60 
GU 61-764 -3.3 O.128 O.51 
GU 61-766 -2.2 0.136 O.41 
GU 61-768 -O.9 O.145 0.29 

GU 61-782 -5.5 O. 120 0 .83  
GU61-784 -4.6 0.128 o. 76 
GU 61-786 -3.5 O. 136 O. 68 
GU 61-788 -2.1 O.145 O.58 

LOW DRAG RANGE OF AERODYNAMIC 
LIFT COEFFICIENT CENTRE POSN. 

DESIGN UPPER (percent c) 
LIMIT x y 

o.71 0.82 26.1 1.1 
0.75 I .00 27.0 0.6 
0.79 I .18 27.9 -O.I 
0.83 1.38 28.8 -I .I 

0.94 1 .o6 26.2 I .6 
1.00 1.24 27.1 1.1 
1.05 1.4~ 28.0 0.~ 
1 .I0 1.64 29.0 -0.6 

0.24 0.36 26.4. 0.2 
o.25 o. 50 27.5 -o.3 
o.2y 0.67 28.5 -I .o 
o. 28 O. 85 29.6 -2. I 

0.47 0.59 26.5 o.6 
0.50 0.76 27.6 0. I 
O. 54. O. 94 28.7 -0.6 
0.57 I .13 29.9 -I .7 

0.71 0.83 26.5 0.9 
0.76 I .Ol 27.7 0.5 
O. 80 1.20 28.9 -0.2 
0.85 I .41 30.1 -1.2 

0.95 1.06 26.6 1.3 
I .01 I .25 27.8 I .O 
1 .o6 I .4.6 29.0 o.3 
I .12 I .68 30.3 -0 .6  

0.24 0.36 26.9 o.o 
0.26 0.51 28.2 -0.5 
0.27 0.68 29.6 -I. I 
0.29 0.87 31.1 -2.2 

0.48 0.60 26.9 0.3 
o.51 o.77 28.3 -O. 1 
0.55 0.95 29.7 -o.8 
0.58 I .16 31.3 -1.9 

O.71 0.83 26.9 0.6 
0.76 1.02 28.5 0.2 
0.82 I. 22 30.0 -0.6 
0.87 I .44 31.5 -1.6 

0.95 I .o7 27.0 1.0 
1 .o2 1.27 28.6 0.5 
I. o8 1.4.9 30. I -o.2 
I .15 1.72 31.7 -I .I 

PITCHING 
MOMENT 
COEF. 

-0. O77 
-O.O65 
-o.o51 
-0.037 

- o .  IO3 
-o. 086 
-o.o69 
-0.052 

-0.030 
-o. 026 
-o. O22 
-o.o18 

-o. 061 
-o. 053 
-0.044 
-0.035 

-o.o91 
-o. 079 
-o.o66 
-o. 052 

- 0 . 1 2 2  
-o. 106 
-o.  o89 
-o. o7o 

-o. o36 
-0.033 
-0.028 
-o. 024 

-o. 071 
-0.065 
-0.056 
-o.o47 

-o. 107 
-0.097 
-o. 086 
-o.o71 

-o. 142 
-o. 12 
-0.11~ 
-o.o95 
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AEROFOIL 

GU 63-322 
GU 63-324 
GU 63-326 
GU 63-328 

GU 63-342 
OU 63-344 
GU 63-346 
GU 63-348 

GU 63-362 
GU 63-364 
GU 63-366 
GU 63-368 

GU 63-382 
GU 63-384 
GU 63-386 
GU 63-388 

GU 63-422 
GU 63-424 
GU 63-426 
GU 63-428 

GU 63-442 
GU 63-444 
GU 63-446 
GU 63-448 

GU 63-462 
GU 63-464 
OU 63-466 
OU 63-468 

GU 63-482 
GU 63-484 
GU 63-486 
GU 63-488 

GU 63-522 
GU 63-524 
GU 63-526 
GU 63-528 

GU 63-542 
OU 63-544 
OU 63-546 
OU 63-548 

THICKNESS 
AT 0.05c 
(percent 
of max.) 

51.8 
56.8 
61.5 
65.5 

51 .8 
56.3 
60.3 
63.3 

52.6 
56.0 659, 

.6 

53.3 
56.0 
57.7 
57.o 

48.4 
53.1 

~7 .6 
1.6 

48.5 
52.8 
56.7 
59.7 

49.3 
52.5 
55.5 
57.2 

50.2 
52.6 
54.4 
54. I 

46.0 
5O .4 
54.8 
58.5 

46.1 
5o.o 
53.8 
57.0 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

7.3 29.1 27.3 
12 -7 27.2 25.9 
17.3 25.4 24.7 
21.6 23.6 23.7 

7.2 29.9 26.3 
12.6 28.0 25.3 
17.3 26.1 24.3 
21.6 24.2 23.6 

7.0 30.6 25.3 
12.5 28.8 24.5 
17.2 26.9 23.~ 
21.6 24.9 23. 

6.8 31.4 24. I 
12.3 29 23 "7 
17.1 27:  
21.6 25.7 23.2 

8.6 38.7 37.0 
14:~ 36.7 35.4 
20 34.7 34.0 
25.5 32.7 32.8 

8.5 39.5 36.1 
14.9 37.5 34.7 
20.4 35:~ 33.5 
25.5 33 32.6 

8.4 40.3 35.1 
14.8 38.2 34.o 
20.4 36.2 32.9 
25.5 34.2 32.2 

8.2 41 .O 34.1 
14.6 39.0 33.2 
20.3 37.0 32.4 
25.6 34.9 31.9 

10.4 48.5 46.9 
18.1 46.5 45.2 
24.8 44.5 43 .7 
31 o 424 42.4 

10.3 49.2 46.0 
18.o 47.2 44.4 
24.8 45.2 43. I 
31.0 43.1 42.0 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

I .2 35.9 
-0.7 101 
-I .5 2.4 
-2.5 4. I 

. 41 .I 
-1.3 3.1 
-2.3 5.2 

3.8 34.8 
2.8 36. I 
I .5 3~.5 

-I .8 .1 

5.2 34.7 
4.0 35.4 
2.5 40.1 
-I .2 6.9 

1 . 2  43.1 
-0.7 1.1 
-I .5 2.4 
-2.6 4.1 

2.6 43.8 
1 . 8  41.7 

-1 .4 3.o 
-2 .4  5.1 

4.0 39.8 
3.0 42.3 
1 . 9  44 .o 

-I .9 5.9 

5:5 39.8 
4 43.0 
2.9 41 .o 
1.5 44.3 

1.3 47.4 
o:76 49.2 

-1 2.4 
-2.7 4.0 

2.7 45.9 
2.o 47.6 

-1 .4  2.8 
-2.6 5.1 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

8.9 30.0 
16.o 28.4 
22.7 26.9 
29.2 25.5 

8.8 3o.3 
15.9 28.7 
22.6 27.1 
29.0 25.8 

8.7 30.8 
15.8 29.0 
22.4 27.4 
28.7 26. I 

8.5 31.4 
15.6 29.4 
22. I 27.8 
28.5 26.4 

33.6 
32. I 

32. I 3o. 7 

9.5 35.4 ,Z:3 337 
7 32.3 

31.9 30.9 

9.4 35.8 
I 33.9 324 

31 .5  31 .I 

9.2 36.7 

.2 32.6 
31.2 31.3 

10:(~ 39.4 
18 38.0 26:g 36.7 
34 35.2 

1o.1 39.5 
18.5 38.1 
26.4 36.7 
34.5 35.5 
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AEROFOIL 
ZERO LIFT LOW DRAG PJLNGE OF 
LIFT CURVE LIFT COEFFICIENT 

INCIDENCE SLOPE LOWER DESIGN UPPER 
(deg) (/deg) LIMIT LIMIT 

AERODYNAMIC PITCHING 
CENTRE POSN. MOMENT 
(percent c) COEF. 
x y 

GU 63-322 -0.8 O.117 O.12 O.23 0.35 25.7 0.3 
GU 63-324 -0.3 O.123 O.OO 0.25 0.49 26.1 -O.2 
GU 63-326 0.4 o.129 -o.13 0.26 0.65 26.5 -0.9 
GU 63-328 1.3 0.135 -0.27 0.27 O.81 27.0 -1.9 

-o.o18 
-o.o14 
-0.010 
-O. o~6 

GU 63-342 -1.8 0.117 0.35 0.47 0.58 25.7 0.8 -0.037 
GU 63-344 -1.1 O.123 0.25 0.49 0.74 26.2 o.3 -0.028 
GU 63-346 -o.2 O.129 o.13 o.52 O.9o 26.7 -0.5 -0.O2O 
GU 63-348 0.9 O.135 O.OO 0.54 1.o8 27.2 -1.5 -O.O11 

25.7 I .4 
26.3 o.8 
26.8 o.o 
27.4 -I .o 

GU 63-362 -2.8 O.117 0.58 0.7O 0.82 
GU 63-364 -1.9 O.123 0.49 0.74 0.98 
GU 63-366 -O.9 o.129 O.39 O.77 1.15 
GU 63-368 0.3 O.134 0.27 0.80 1.34 

-o.o55 
-o.o43 
-o.o3o 
-o.o17 

GU 63-382 -3.8 O.117 0.82 0.93 1.o5 25.7 1.9 -o.o74 
GU 63-384 -2.8 O.123 0.74 0.98 1.22 26.3 1.4 -0.057 
GU 63-386 -1.7 O.128 O. 64 I.O2 1.40 26.9 0.6 -O.O41 
GU 63-388 -O4. O.134 0.53 1.07 1.59 27.6 -O.4 -O.O23 

GU 63-422 -0.9 o.118 o.12 
GU 63-424 -0.4 O.124 o.00 
GU 63-426 0.3 O.131 -O.13 
GU 63-428 1.2 o.138 -0.28 

0.24 O.35 26.0 O.3 
0.25 0.50 26.5 -0.2 
O. 26 O. 66 27. I -O. 9 
0.28 0.83 27.8 -I -9 

-O.O22 
-o.o18 
-o.o14 
-O.OLO 

GU 63-442 -2.0 O.118 0.35 0.47 0.59 26.0 0.8 -0.044 
GU 63-444 -1.3 O.124 0.25 0.50 O.7~ 26.6 o.3 -0.036 
GU 63-446 -0.4 O.131 O.13 0.52 O.91 27.3 -0.5 -0.027 
GU 63-448 0.8 O.137 O.00 0.55 1.10 28.1 -1.6 -0.018 

GU 63-462 -3.1 O.118 0.59 0.70 0.82 26.0 1.3 
GU 63-464 -2.2 o.124 0.50 0.74 0.99 26.7 0.8 
GU 63-466 -1.2 0.131 0.39 0.78 1.17 27.5 -0.I 
GU 63-468 O.O O.137 0.27 0.82 1.36 28.3 -I.I 

-0.066 
-0.054 
-o.o41 
-0.028 

GU 63-482 -4.2 0.118 0.82 0.94 1.06 26.0 1.8 -0.088 
GU 63-48~ -3.e O.le4 0.74 0.99 1.23 26.8 1.4 -o.o72 
GU 63-486 -2.1 O.130 0.65 I. 04 1.42 27.6 0.6 -0.055 
GU 63-488 -0.7 0.136 0.54 1.09 1.62 28.5 -0.5 -0.038 

GU 63-522 -1.0 0.118 O.12 0.24 0.35 26.3 0.2 
GU 63-524 -0.5 0.126 O.00 0.25 0.50 27.1 -0.3 
GU 63-526 0.3 0.133 -0.13 0.27 0.66 27.9 -1.0 
GU 63-528 1.2 0.141 -0.28 0.28 0.84 28.9 -2.1 

GU 63-542 -2.2 0.118 0.35 0.47 0.59 
GU 63-544 -1.5 0.126 0.25 0.50 0.75 
GU 63-546 -0.5 0.133 0.13 0.53 0.93 
GU 63-548 0.6 0.140 0.00 0.56 1.12 

26.3 0.6 
27.2 0.1 
28. I -0.7 
29.1 -I .6 

-O.025 
-0.021 
-o.o17 
-0.012 

-o.o51 
-0.043 
-0.'035 
-0.026 
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THICKNESS T.E. 
AEROFOIL AT 0.05c ANGLE 

(percent (deg) 
of max.) 

GU 63-562 46.8 10.2 
GU 63-564 49.9 17.9 
GU 63-566 52.9 24.8 
GU 63-568 54.6 31.O 

GU 63-582 47.7 IO.0 
GU 63-584 50.0 ~Z.9 
GU 63-586 51.9 .8 
GU 63-588 51.7 31.1 

GU 63-622 43.9 12.9 
GU 63-624 48.3 22.6 
GU 63-626 52.4 31.1 
GU 63-628 56.1 38.9 

GU 63-642 44.3 12.9 
GU 63-644 47.8 22.6 
GU 63-646 51.7 31.1 
GU 63-648 54.7 38.9 

GU 63-662 44.8 12.8 
GU 63-664 47.8 22.5 
GU 63-666 50.8 31.1 
GU 63-668 52.6 39.0 

GU 63-682 45.6 12.7 
GU 63-684 47.8 22.5 
GU 63-686 49.9 31.1 
GU 63-688 49.9 39.0 

GU 63-722 42.2 16.9 
GU 63-724 46.3 29.6 
GU 63-726 50.4 40.8 
GU 63-728 54.0 51.1 

GU 63-742 42.6 16.9 
GU 63-744 46.2 29.6 
GU 63-746 49.8 40.8 
GU 63-748 52.7 51.1 

GU 63-762 43.0 16.8 
GU 63-764 46.0 29.5 
GU 63-766 48.9 40.8 
GU 63-768 50.7 51.2 

GU 63-782 43.7 16.7 
GU 63-784 46.0 29.5 
GU 63-786 48.O 40.8 
GU 63-788 48.3 51.3 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

5o.o 45.2 
48.o 43.7 
46.o 42,5 
43.9 41.6 

5o.7 44.3 
48.7 43.0 
46.8 41.9 
44.7 41.2 

58.4 56.9 
56.4 55. I 
54.5 53.6 
52.6 52.5 

59. I 56.2 
57.2 54.4 
55.3 53.0 
53.4 52. I 

59.8 55.4 
57.9 53. Z 
56. I 52. 
5~.2 51.5 

60.5 54.6 
58.7 53.0 
56.9 51.8 
55.o 5o.9 

68.4 67. I 
66.7 65.5 
65. I 64.2 
63.5 63.3 

69. I 66.5 
67.4 64.9 
65.9 63.6 
64.3 62.7 

69.7 65.9 
68.2 64.2 
66.7 62.9 
65. I 62. I 

~ o. 4 65.2 
8.9 63.5 

67.5 62.3 
66,o 61.4 

MAX. CAMBER MAX. THICKNESS 
(per POSITION (per POSITION 
cent (percent cent (percent 
chord) chord) chord) chord) 

4.2 45.4 IO.O 39.8 
3.2 47.5 18.4 38.3 
2.2 48.2 26.3 36.9 

-2. I 5.9 34.3 35.7 

5.6 46.2 9.8 40.3 
4.5 47.1 18.2 38.5 
3.3 47.6 26. I 37.2 
I -9 49.1 34.0 36.0 

I .3 50.9 10.8 43. I 
0.8 56.8 19.7 41.9 

-I .6 2.4 28.3 40.8 
-2.7 4.2 37. I 39.6 

e.7 49.9 IO.7 43.e 
2.1 56.0 19.6 42.0 
-I .5 3.o 28.3 40.9 
-2.7 5. I 37. I 39.9 

4.1 49.4 IO.6 43.4 
3.3 56 .8 19.5 42.2 
e.4 56.2 28.1 41 .I 
-2.3 5.9 36.9 40.0 

5.6 49. I 1o .3 43.8 
4.5 57.6 19.3 42.4 
3.5 56.2 27.9 41.3 
2.3 56.5 36.6 40.3 

I .3 5 .9 .3 46.4 6Z.4 11 
eo.7 45.6 0.9 

- 1 . 7  2 .3  3o.1 4 4 7  
-2.8 4.2 39.8 43.9 

2.6 53. I 11.2 46.6 
2.0 60.4 20.7 45.8 

-I .6 3.0 3o. I 44.9 
-2.8 5.2 39.8 44.2 

4.o 52.6 11 .I 46.8 
3.2 58.5 20.6 45.9 
2.5 66.0 29.9 45.0 

-2.4 5.9 39.4 44.3 

5.4 52.3 1o .9 47.o 
4.5 58.7 2o.4 46.1 
32: ~ 65.2 29.7 45.3 

66.2 39. i 44.5 
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ZERO LIFT 
AEROFOIL LIFT CURVE LIFT 

INCIDENCE SLOPE LOWER 
(deg) (/deg) LIMIT 

GU 63-562 -3.4 O.118 0.59 
O. O GU 63-564 -2.5 O.125 O.504 

GU 63-566 -1.5 O.133 
GU 63-568 -0.2 O.14o 0.28 

GU 63-582 -4.6 O. 118 o. 83 
GU 63-5  -3.6 o.125 0 7 5  
GU 63-586 -2.5 o. 132 o. 66 
GU 63-588 - I .  I o. 139 o.56 

GU 63-622 -1.1 o.119 o.12 
GU 63-62/4 -0.6 o.127 0.0o 
GU 63-626 0.~ 0.135 -0.14 
GU 63-628 1.1 0.1~4 -0.29 

GU 63-642 -2.4 o.119 0.36 
GU 63-6/4/4 -1.7 0.127 0.25 
GU 63-6/46 -O.8 O.135 O.1/4 
GU 63-6/48 O.4 O.143 O.OO 

GU 63-662 -3.7 o.119 0.59 
GU 63-66/4 -2.9 O.127 0.51 
GU 63-666 -1.9 O.135 0.40 
GU 63-668 - O6. O. 143 O. 29 

GU 63-682 -5.0 o.119 0.83 
GU 63-684 -/4.1 o.127 0.76 
GU 63-686 -3.0 O.135 O.67 
GU 63-688 -1.6 O.142 0.57 

GU 63-722 -1.3 O.120 O.12 
GU 63-724 -0.8 O.129 O.OO 
GU 63-726 -O.O 0.138 -O.14 
GU 63-728 1.0 O.148 -O.3O 

GU 63-742 -2.7 o.120 0.36  
GU 63-7~4 -2.0 0.129 0.26 
GU 63-7/46 -1.1 O.138 0.14 
GU 63-748 O.1 O.1/47 0.0o 

GU 63-762 -4.1 O.120 0.60 
GU 63-76/4 -3.3 O.128 o.51 
GU 63-766 -2.3 o.137 O.41 
GU 63-768 -I.O O.I/47 0.29 

GU 63-782 -5.5 O.120 O.8~ 
GU 63-78~ -4.7 o.128 o.77 
GU 63-786 -3.5 0.137 O.69 
GU 63-788 -2.1 O.146 0.59 

LOW DRAG RANGE OF 
COEFFICIENT 
DESIGN UPPER 

LIMIT 

o.71 0.83 
0.75 I .oo 
o.78~ 1.19 
o.  I .39 

o.94 I .O6 
1 .oo  1 . 2 5  

1 .11  1 

0.2/4 O.36 

0.27 o. 
o. 29 o. 86 

0.48 0.59 
o.51 0.76 
o. 54 o. 9/4 
0.57 I. 14 

0.71 0.83 
0.76 I .oi 
o.81 1.21 
0.86 I .42 

0.95 I .o7 
I .Ol 1 . 2 6  
I .07 I ./47 
I. 14 I .7o 

o.24 o.36 
0.26 o.51 
o.28 o.69 
o. 30 o. 89 

0./48 0.60 
0.51 0.77 
O. 55 O. 96 
0.59 I .18 

o. 72 o. 8/4 
o.77 I .o2 
o. 82 1.23 
o. 88 I. 46 

I .O2 I 
I. 09 1.50 
1.1'7 1.75 

AERODYNAMIC PITCHING 
CENTRE POSN. MOMENT 
(percent c) COEF 
x y 

26.3 I. I -o.o78 
2;.3 0.6 -o.o65 
2 . 2 -o.2 -o. 052 
29.3 -I .2 -o.o38 

26.3 I .6 -o.Io4 
2 .3 I -o.o87 2~.~ I. 

o. 4 -o. 070 
29.6 -o.6 -o.o53 

26.6 o .2 -0 .o3o 
27.8 -o.3 -o.o26 
29.o -I.O -o.o22 
30.2 -2.1 -O.018 

26.6 0.6 -o.061 
27.9 O.O -0.05/4 
29. I -O. 7 -O. O45 
30.4 -I .8 -O.O36 

26.7 O.9 -0.O92 
28.0 0.5 -0.080 
29.3 -0.3 -0.O68 
30.7 -1.3 -O.O53 

26.7 I .3 -O.123 
28.1 O. 9 -0. 107 
29.5 O.2 -0.091 
30.9 -o. 7 -o. 072 

27  .o o.o -o .o36 
28.5 -o. 5 -o.o33 
30. I - I. 3 -o. 030 
31.8 -2 .'2 -0.024 

27.0 0.3 -0.072 
28.6 -0.2 -O.O66 
30.3 -I .o -0.059 
32.0 -2. O -O. 0/49 

27. I O. 6 -O. 107 
28.8 o. I -o. 098 
30.5 -o.6 -o.o87 
32.2 -I .6 -o.073 

2y.2 o.9 -o. 143 
2~.9 0.5 -o.13o 
3o.6 -o.2 -o. 116 
32.5 - I  .3 -o. 099 
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THICKNESS 
AEROFOIL AT 0.O5c 

(percent 
of max.) 

GU 65-322 51.4 
GU 65-324 56.3 
GU 65-326 60.9 
GU 65-328 65.0 

GU 65-342 51.4 
GU 65-344 55.9 
GU 65-346 59.8 
GU 65-348 62.8 

GU 65-362 52.1 
GU 65-364 55.5 
GU 65-366 58.6 
eU 65-368 60.0 

GU 65-382 52.9 
GU 65-384 55.5 
GU 65-386 57.2 
GU 65-388 56.4 

GU 65-~22 48.0 
GU 65-424 52.7 
GU 65-426 57.2 
GU 65-428 61.1 

GU 65-442 48.1 
GU 65-444 52.3 
GU 65-2446 56.2 
GU 65-448 59.2 

GU 65-462 48.9 
GU 65-464 52.1 
GU 65-466 55.1 
GU 65-468 56.6 

GU 65-482 49.8 
GU 65-484 52.2 
GU 65-486 53.9 
GU 65-488 53.5 

GU 65-522 45.7 
GU 65-524 5o.o 
GU 65-526 54.4 
GU 65-528 58.2 

GU 65-542 45.% 
GU 65-544 49.6 
GU 65-546 53.3 
GU 65-548 56.5 

T.E. EXTENT OF FAV. 
ANGLE PRESSURE GRAD. 
(deg) (percent c) 

TOP BOTTOM 

8.8 29.1 27.4 
15.2 27.4 26.1 
20.8 25,6 24.9 
25.9 23.8 23.9 

8.6 3o.0 26.4 
15.1 28.1 25.4 
2o.7 26.3 24.5 
25.9 24.4 23.8 

8.4 3o.7 25.3 
14.9 28.9 24.6 
20.6 27.0 24.0 
25.8 25.2 23.6 

8.1 31.5 24.2 
14.7 29.6 23.8 
2o.4 27.8 23.5 
25.7 25.9 23.4 

lO.2 38.8 37.1 
~Z.7 36.9 35.6 

.3 35.0 34.2 
30.3 33.o 33. I 

10.1 39.6 36.2 
1Z.6 37.7 34.9 

.2 35.7 33.8 
3o.3 33.7 32.9 

9.9 40.4 35.2 
17.5 38.4 34.1 
24. I 36.5 33.2 
30.2 34.5 32.5 

9.6 41. I 34.2 
17.3 39.2 33.3 
24. o 37.2 32.6 
3o. 1 35.3 32.2 

12. I 48.6 47.0 
21.1 46.7 45.4 
29.1 44.8 44. o 
36.3 42.8 42.8 

12.0 49.4 46.2 
44. 21.1 47.5 43. 74 

29. o 45.5 
36.3 43.5 42.4 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

I .2 36.o 
-o.7 1.1 
-I .5 2.4 
-2.5 4.2 

2.5 35.2 
1.6 41.3 

-I .3 3.1 
-2.4 5.2 

3.8 34.9 
2.8 36.2 
1.5 39.8 

-I .9 6.1 

5.2 34.8 
4.0 35.6 
2.5 40.3 

- 1 . 2  7.o 

1.2 43.2 
-o.~ 1.1 
-I .6 2.4 
-2.6 4.2 

2.6 43.9 
I .8 41.9 

-1.4 3.o 
-2.5 5.2 

4.0 39.9 
3.o 42.5 
1.8 44.4 

-2.o 6.0 

5.5 39.8 
4.3 43.2 
3.o 41.3 
1.5 44.7 

1.3 47.3 
0.8 49.4 

-I .6 2.4 
-2.7 4.2 

2.7 45.9 
2.0 47.8 

-1 .4  2.8 
-2.6 5.1 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

9.o 3o.5 
16.2 29.o 
23. o 27.5 
29.6 26. I 

8.9 30.8 
16.2 29.2 
22.9 27. 26 .I 
29.5 

8.8 31.2 
16.o 29.5 
22.7 28.0 
29.2 26.7 

8.6 31.7 
15.8 29.8 
22.4 28.3 
28.9 27.o 

9.8 35.7 
17.6 34.2 
25.1 32.7 
32.6 31.2 

9.6 35.8 
17.5 34.3 
25.0 32.9 
32.4 31.6 

9.5 36.4 
17.4 34.4 
24.8 33.0 
32.0 31.7 

9.3 3Z.3 

.6 33.2 
31.7 31.9 

lO.4 39.9 
18.9 38.7 
2.7. I 37.4 
35.3 36.0 

10.2 4o.o 
18.7 38.8 
26.8 37.4 
35.1 36.3 
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AEROFOIL 
ZERO LIFT 
LIFT CURVE 

INCIDENCE SLOPE 
(deg) (/deg) 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

LOWER DESIGN UPPER 
LIMIT LIMIT 

GU 65-322 -0.8 0.117 0.12 
GU 65-324 -0.3 0.124 o.o0 
GU 65-326 0.4 0.13O -O.13 
GU 65-328 1.3 O.136 -0.27 

0.23 o.35 
o.25 o.49 
0.26 o.65 
0.27 o.82 

GU 65-342 
GU 65-344 
GU 65-346 
GU 65-348 

-1.8 o.117 0.35 0.47 0.59 
-1.1 o.124 0.25 0.49 0.74 
-0.2 o.13o o.13 0.52 o.91 
o.9 o.136 o.oo 0.54 I.O8 

GU 65-362 -2,8 O. 117 0.59 0.70 0.82 
GU 65-364 -I .9 O. 123 0.49 0.74 o.98 
GU 65-366 -0.9 0.129 0.39 0:~7 1.16 
GU 65-368 O. 3 O. 135 O. 27 0 I. 34 

GU 65-382 -3.8 O.117 0.82 0.94 I.O5 
GU 65-384 -2.8 o.123 0.74 o.98 1.23 
GU 65-386 -1.7 O.129 0.64 I.O3 I.,41 
GU 65-388 -O.4 O.135 O.54 1.07 1.6o 

GU 65-422 -0.9 0.118 0.12 
GU 65-424 -O.4 0.125 0.O0 
GU 65-426 0.3 O.132 -0.13 
GU 65-428 1,3 o.139 -0.28 

o.24 o.35 
0.25 0.5o 
0.26 o.66 
0.28 o.83 

GU 65-442 -2.0 o.118 0.35 o.47 0,59 
GU 65-444 -1.3 O.125 0.25 0.50 0.75 
GU 65-446 -0.4 0.132 0.13 o.53 o.92 
GU 65-448 0.8 0.138 0.0o 0.55 1.1o 

GU 65-462 -3.1 o.118 0.59 o.71 o.82 
GU 65-464 -2.2 O.125 o.5o 0.75 0.99 
GU 65-466 -1.2 0,131 0.39 o.79 1.18 
GU 65-468 0.1 O.138 o.28 0.83 1.37 

GU 65-482 -4.2 o. 118 O. 82 O. 94 I. 06 
GU 65-484 -3.2 o. 125 O. 75 o. 99 1.24 
GU 65-486 -2. I O. 131 O. 65 I .O4 1.43 
GU 65-488 -O. 7 O. 137 O. 55 1.09 I. 63 

OU 65-522 -1.O O.118 O.12 
GU 65-524 -0.5 0.126 0.0o 
GU 65-526 O.3 O.134 -O.13 
GU 65-528 1.3 0.142 -0.28 

0.24 0.35 
O. 25 O. 50 
0.27 0.67 
O.28 O.85 

GU 65-542 -2.2 o.118 o.35 0.47 o.59 
GU 65-544 -1.5 o.126 0.25 0.50 o.75 
GU 65-546 -0.5 o.134 O.13 0.53 0.93 
GU 65-548 0.6 O.141 O.00 0.56 1.13 

AERODYNAMIC PITCHING 
CENTRE POSN. MOMENT 
(percent c) COEF. 
x y 

25.8 o.3 -o.o18 
26.3 -o.2 -o.o14 
26.7 -I .o -O.OLO 
27.3 - I. 9 -o. 006 

25.8 o. 8 -o. o37 
26.3 0.3 -o.028 
26.9 -o o 5 -o. o2o 
27.5 -I .5 -o.o11 

25.8 i .4 -o.o55 
26.4 o. 8 -o.o43 
27. I -o. o -o. o30 
27.8 -I .O -0.O17 

25.8 1.9 -O.O74 
26.5 I. 4 -o. 058 
27.2 o. 6 -o. o41 
27.9 -O. 4 -o. 024 

26. I o. 3 -o.o22 
26.7 -o.2 -o.o18 
27.4 -o.9 -o.o14 
28.2 -I .9 -O.OLO 

26. I o.8 -o.o44 
26.8 o. 3 -o. 036 
27.6 -o. 5 -o. o28 
28.4 -I .6 -o.o18 

26. I I. 3 -o. o66 
26.9 o. 8 -o. 054 
27.7 -o. o -o. 041 
28.6 -I. I -0.028 

26. I I. 8 -o. 088 
26.9 I. 4 -o. 072 
27.8 o. 6 -o. 055 
28.8 -o.5 -o.o38 

26.4 o. 2 -o. 025 
2 .3 -0.3 2~.2 -o.o21 

-1 .o -o.o17 
29.2 -2.o -OOO12 

26.4 0.6 -o.o51 
27.3 o. I -o. 044 
28.4 -o.7 -o.o35 
29.5 -1.7 -o. 026 
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THICKNESS T.E. 
AEROFOIL AT 0.05c ANGLE 

(percent (deg) 
of max.) 

GU 65-562 46.4 11.9 
GU 65-564 49.5 21.O 
GU 65-566 52.4 28.9 
GU 65-568 54.1 36.3 

OU 65-582 47.3 11.7  
GU 65-584 49.6 20.8 
GU 65-586 51.4 28.8 
eU 65-588 51.2 36.2 

GU 65-622 43.8 14.9 
GU 65-624 47.9 26.0 
GU 65-626 51.9 35.8 
GU 65-628 55.7 44.8 

GU 65-642 44..0 14.8 
GU 65-644 47.5 25.9 
GU 65-646 51.3 35-7 
GU 65-648 54.2 44.7 

GU 65-662 44.4 14. 7 
GU 65-664 47.4 25.8 
GU 65-666 50.4 35.7 
GU 65-668 52.1 44.7 

GU 65-682 45.2 14.5 
GU 65-684 47.4 25.7 
GU 65-686 49.4 35. 6 
GU 65-688 49.4 44.7 

GU 65-722 42.O 18.9 
GU 65-724 46.O 33.1 
GU 65-726 5O.O 45.6 
GU 65-728 53.6 57.2 

GU 65-742 42.4 18.8 
GU 65-744 45.9 33.o 
GU 65-746 49.4 45.6 
OU 65-748 52.3 57.2 

GU 65-762 42.8 18.8 
GU 65-764 45.~ 33.o 
GU 65-766 48.6 45.6 
GU 65-768 50.3 57.2 

GU 65-782 43.5 18.6 
GU 65-784 45.6 32.9 
GU 65-786 47.7 45.5 
GU 65-788 47.9 57.2 

EXTENT OF FAV. 
PRESSURE GRAD. 
(percent c) 
TOP BOTTOM 

50. i 45.3 
4-8.2 43.9 
46.3 42.8 
44.3 42. I 

5o.8 44.4 
49.o 43.2 
47.1 42.2 
45.1 41.6 

58.5 57.1 
56.7 55.4 
54.9 54.0 
53. I 53.0 

59.2 56.3 
57.5 54.7 
55.7 53.5 
53.9 52.6 

59.9 55.6 
58.2 54. o 
56.5 52.8 
54.7 52.o 

60.6 54.8 
59.0 53.3 
57.3 52.2 
55.6 51.5 

68.6 67.3 
67. I 65. 
65.6 64.7 
64.1 64.o 

69.2 66.7 
67.8 65.2 
66.4 64. I 
64.9 63.4 

69.9 66. o 
68.5 64.5 
67.2 63.4 
65.8 62.8 

~ o.5 65.4 
9.3 63.8 

68.o 62.7 
66.7 62.1 

MAX. CAMBER 
(per POSITION 
cent (percent 
chord) chord) 

4.2 45.5 
3.2 47.6 
2.2 48.4 

-2.1 6.0 

5.6 46.3 
4.5 47.2 
3.3 47.8 
I .9 49.6 

1.3 51.0 
0.8 57.0 

-I .6 2.4 
-2.8 4.2 

2.7 49.9 
2.1 56.3 
-I .5 3.0 
-2.7 5.2 

4.1 49.4 
3.3 57.1 
2.4 56.6 
-2.3 6.0 

5.6 49.1 
4.5 57.9 
3.5 56.5 
2.3 57.1 

1.3 58.1 
0.9 64.2 

-1.7 2.3 
-2.9 4.3 

2.6 53.2 
2.0 6o.7 

-I .6 3.0 
-2.8 5.2 

4.0 52.7 
3.3 58.8 
2.5 66.3 

-2.5 6.0 

5.4 52.3 
4 .O 3:~ 59 65.3 
2.7 66.8 

MAX. THICKNESS 
(per POSITION 
cent (percent 
chord) chord) 

10.1 40.4 
18.6 38.9 
26.6 37.6 
34.9 36.4 

19:~ 40.9 
39.2 

26.5 37.8 
34.6 36.7 

IO.9 43.7 
20.0 42.6 
28.7 41.6 
37.7 4o .4 

10.8 43.8 
19.8 42.7 
28.7 41 -7 
37.7 4o.7 

10.6 44.0 
19.7 42.9 
28.5 41.8 
37.4 40.9 

10.4 44.4 
19.5 43.1 
28.3 42.0 
37.2 41. I 

11.3 47.0 
20.9 46.3 
30.5 45.5 
40.4 44.8 

11.3 47.1 
20.9 46.4 
30.5 45.7 
40.3 45.0 

11 .I 47.3 
20.8 46.5 
3o.3 45.8 
4o. I 45.2 

10.9 ~76:6 
20.6 8 
30.0 46.0 
39.7 45.3 
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ZERO LIFT 
AEROFOIL LIFT CURVE 

INCIDENCE SLOPE 
(deg) (/deg) 

GU 65-562 -3.4 o.119 
GU 65-564 -2.5 0.126 
GU 65-566 -1.5 0.133 
GU 65-568 -0.2 0.141 

LOW DRAG RANGE OF 
LIFT COEFFICIENT 

LOWER DESIGN UPPER 
LIMIT LIMIT 

o. 59 o.71 o.83 
0.50 O.Z5 I .OC 
0.40 o.t~o 1.19 
0.28 o.84 1.4o 

GU 65-582 '4.6 0.119 0.83 0.95 1.O6 
GU 65-58~ -3.6 O.126 0.75 1.oo 1.25 
GU 65-586 -2.5 0.133 0.66 1.o6 1.45 
GU 65-588 -1.1 0.140 0.56 1.12 1.67 

GU 65-622 
GU 65-624 
GU 65-626 
GU 65-628 

-1.1 o.119 o.12 
-0 .6  o.128 o.oo 
o.1 o.136 -o.14 
1.2 o.145 -0.29 

0.24 0.36 
o.25 o.51 
0.27 o.68 
0.29 0.87 

GU 65-642 -2.4 0.119 0.36 0.48 0.59 
GU 65-644 -1.7 0.127 O.25 0.51 0.76 
GU 65-646 -0.8 0.136 o.14 o.54 0.95 
GU 65-648 0.4 0.145 o.00 0.58 1.15 

GU 65-662 -3.7 0.119 0.60 O.71 0.83 
GU 65-664 -2.9 0.127 O.51 0.76 I.O2 
GU 65-666 -1.9 o.136 o.41 o.81 1.21 
GU 65-668 -0 .5  0.144 0.29 0.86 1.43 

GU 65-682 -5.0 o.119 0.83 0.95 I.O7 
GU 65-684 -4.1 o.127 0.76 1.oi 1.27 
GU 65-686 -3.0 0.135 0.68 1.o8 1.48 
GU 65-688 -1.6 o.144 0.57 1.14 1.71 

GU 65-722 -1.3 o.12o o.12 
GU 65-724 -0.7 0.129 O.OO 
GU 65-726 O.O O.139 -O.14 
GU 65-728 1.1 0.149 -0.30 

0.24 0.36 
0.26 0.52 
0.28 0.69 
0.30 o.89 

GU 65-742 
GU 65-744 
GU 65-746 
GU 65-748 

GU 65-762 
GU 65-764 
GU 65-766 
GU 65-768 

-2 .7  0.120 0.36 0.48 0.60 
-2 .0  0.129 0.26 0.52 0.77 
-1.1 o.139 o.14 0.55 0.97 
O.1 o.149 o.oo 0.59 1.19 

-4.1 o.12o 0.60 0.72 0.84 
-3.3 0.129 0.52 0.77 1.o3 
-2.3 O.138 o.41 o.83 1.24 
-o.9 o.148 0.30 0.89 1.47 

GU 65-782 -5.5 o.12o 0.84 0.96 1.o8 
GU 65-784 -4.7 o.129 0.77 I.O3 1.28 
GU 65-786 -3.5 o.138 o.69 1.1o 1.51 
GU 65-788 -2.1 O.148 0.59 1.18 1.76 

AERODYNAMIC 
CENTRE POSN 
(percent c) 
x y 

26.4 I .1 
2~.5 0.6 
2 . 5 -0 .2  
29.7 -1 .2  

26.4 1.6 
27.5 1.1 
28.7 0.4 
29.9 -0.6 

26.7 0.2 
28. o -o. 3 
29.2 -1 .I 
30.6 -2. I 

26.7 O.5 
28.0 0.o 
29.4 -0.7 
30.8 -1 .8  

26.8 0.9 
28.2 0.5 
29.6 -o.3 
31 .I -1.3 

26.8 I .3 
28.3 o.9 
29.7 o.2 
31.3 -0.7 

27.0 o.o 
28.7 -o.  5 
30.4 -1.3 
32.2 -2 .2  

27.1 0.3 
28.8 -o .2  
30.5 -I .0 
32.4 -2.  I 

27.2 0.6 
28.9 o. 1 
30.7 -O.6 
32.7 -I .7 

27.2 0.9 
29.o 0.5 
30.9 -0.2 
32.8 -I .3 

PITCHING 
. MOMENT 

CQEF. 

-O. 078 
-o.o66 
-o.o53 
-o.o38 

-o. 104 
-o. o88 
-o. o71 
-o. O52 

-o.o3o 
-0.  o26 
-0.022 
-o.o17 

-o.o61 
-0.054 
-o.045 
-0.037 

-0.092 
-0.081 
-0.068 
-O. 054 

-o.  123 
-o. 1o8 
-o.o91 
-o. 073 

-o. o36 
-0.033 
-o.o3o 
-o. 024 

-0.072 
-o.066 
-0.059 
-o.o51 

-o. 107 
-0.098 
-o. 088 
-o.o75 

-o. 143 
-o. 131 
-o. 117 
-o. lOO 
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APPENDIX IV 

ALGOL 60 Procedures used in the Computation. 

Conteots : 1. Description of Procedures 

2. ALGOL 60 text (procedures dwbydz and RM2112) 

3. Index to array elements features of RM2112 

4. Index to failure exits of RM2112 

I. Description of Procedures. 
As explained in paragraph 2 of the main text, the procedure RM2112 provides a general computational 

method for the evaluation of the co-ordinates and other features of an aerofoil designed by the Lighthill 
method, and calls on a procedure dwbydz (which is one of its formal parameters) to supply the information 
relevant to the specific aerofoil to be designed. In the extract on page 71, the procedure dwbydz is an 
example of this latter routine, whose particular purpose is to supply information relevant to the GU-series 
of aerofoils. The computational plan of the ALGOL Text is summarised below in terms,of the block 
structure, and line numbers. 

LINE 1 

LINE 79 

LINE 84 

LINE 119 

LINE 143 

LINE 161 

LINE 175 

LINE 191 

LINE 199 

LINE 203 

LINE 288 

LINE 291 

LINE 305 

LINE 306 

LINE 307 

LINE 413 

LINE 418 

real procedure dwbydz, heading and full descriptive comment. 

begin body ofdwbydz, with entries --1,0, 1 and 2 designated by value of parameter entry. 

real procedure EF, calculating functions E(x), F(x) referred to in equations (7) and 
(10) of Appendix I. 

real procedure S, calculating function S(x) referred to in equation (I 7) of Appendix I. 

real procedure FGO, calculating functions Jo and go of equation (4), Appendix I. 

real procedure FG1, calculating functions Jl and gl of equation (5), Appendix I. 

real procedure FG2, calculating functions J2 and g2 of equation (6), Appendix I. 

begin entries 1 and 2 of dwbydz to evaluate (entry 1) the surface velocity at zero lift, 
and (entry 2) the surface slope. 

end 

begin entry 0 of dwbydz, an initialising entry which sets up constants used in entries 
1 and 2, so as to satisfy the equations (24) to (27) of Appendix I. 

end 

begin entry - 1, recording extent of constant pressure region in array data. 

end 

end of dwbydz 

procedure RM 2112, heading and full descriptive comment. 

begin body of RM 2112, a 'straight through' calculation. 

procedure rootfind. A general purpose rootfinding technique (by regula falsi) with 
convergence discrimination. 
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LINE 503 

LINE 533 

LINE 550 

LINE 572 

LINE 579 

LINE 671 

LINE 713 

LINE 723 

LINE 72 7 

LINE 730 

LINE 732 

LINE 247 

LINE 748 

LINE 768 

LINE 775 

LINE 782 

LINE 806 

LINE 807 

LINE 812 

LINE 831 

LINE 850 

LINE 859 

LINE 861 

LINE 871 

LINE 891 

LINE 892 

LINE 895 

real procedure Hermite. Provides the Hermitian interpolate at a point of a given 
set of co-ordinates. 

integer procedure ifind. A general purpose bisection routine used in searching or 
rootfinding. 

procedure TX. Interpolates a value of 0 for a prescribed aerofoil abscissa, x. 

begin calculation of profile ordinates and abscissa, using procedure dwbydz and 
numerical quadrature. 

procedure paralint. A general purpose technique for the parallel numerical quad- 
rature of a number of functions of the same variable, using Simpson's rule, with 
automatic adjustment of the interval of integration to provide stipulated 
accuracy, and with a slot permitting the recording of partial results. 

procedure integran. Sets up the integrands of the various integrals by calls of 
dwbydz for use by paralint. 

procedure record. The actual procedure slotted into paralint to record the values 
of x, y, 0, etc. as calculated for intermediate values of 0. 

START: initialise constants and goto INTEGRATE. 

0 VERSIZE: adjust accuracy criterion eps. 

INTEGRATE: call paralint, but goto OVERSIZE if array size inadequate for 
recording all intermediate results (via procedure record). 

Record results in arrayJeatures, and other variables for later use. 

end calculation Of profile ordinates. 

begin change of axis to coincide with aerofoil chord line. 

ANGLE: Region of leading edge discriminated. 

rootfind used to isolate leading edge, so as to satisfy equation (6) of Appendix II. 

convert x, y co-ordinates to new axis system. 

end conversion of axis system. 

begin evaluating geometric features of aerofoil section. 

real procedure rfind. A rootfinding technique (analogous to ~nd) by bisection. 

real procedure grad. Uses TX to find the slope of the aerofoil at given abscissa on 
top or bottom surface. 

real procedure ord. Uses TX to find the ordinate of the aerofoil at given abscissa 
on top or bottom surface. 

Find position of maximum thickness. 

Find maximum thickness. 

begin location of maximum camber position. 

end. 

Find maximum camber. 

end calculation of geometric features. 
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LINE 896 

LINE 902 

LINE 908 

LINE 909 

LINE 910 

LINE 919 

LINE 936 

LINE 939 

LINE 941 

LINE 949 

LINE 950 

LINE 966 

LINE 980 

I.INE 981 

LINE 982 

LINE 984 

LINE 985 

LINE 989 

begin A.O.B. 

make entry - 1 to procedure dwbydz. 

evaluatefix. 

if fix < 0 then 

begin replacement of abscissae by values in array xval 

Check ordering of values of elements of xval 

begin interpolation of values of 0 corresponding to new abscissae 

end 

begin interpolation of ordinates at new values of  0. 

end 

insert leading edge and trailing edge values 

begin rearrangement of arrays x, y, theta, and calculation (using dwbydz) of 
velocity and surface slope, at new abscissae values. 

end 

end adjustments to ne,~ abscissae (iff/x is positive). 

Convert elements of array theta to degrees, and goto OUT 

end A.O.B. 

F: Form failure index, convert theta to degrees, and goto E X I T  (this label reached 
in event of  a failure) 

end body of R M  2112. 

Note that, in R M  2112, several of the stages of the calculation are short circuited if the aerofoil is sym- 
metric, which is recorded by a true value of  variable sym assigned On the basis of information supplied 
by the initial call (LINE 724) at entry 0 of dwbydz. 

2. Algol 60 Test. 

The following pages (71-90) are reproduced from the flexowriter copy of a paper tape hardware 
representation of the procedures dwbydz and R M  2112. Lines are numbered in end comments, and there 
are 50 lines to a page. 

In recent work, it has been found that the evaluation of the integral (5) in Appendix II--which is needed 
only as a corroborative check--can be unduly troublesome, due to the behaviour of qo in the vicinity 
of the trailing-edge stagnation point. It is now preferred to insert a factor 2 sin 2 (0/2) into the integrand, 
which leaves the value of the definite integral theoretically unchanged. In the procedure RM2112 as 
supplied here, this is achieved by altering the assignment to y [-3] on line 682 to c x ck x (s + s) x y [9], 
and by deleting the assignment (to y [3]) on line 711. Further, the simple boolean expression a = 0 on 
line 171 should be replaced by a ~< 0. 

A version of the procedures in the FORTRAN language has now been developed : a listing is available 
from the author. 
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real procedure dwbydz (entry,data, index,value, FAIL) ; 
--~lue entry,value; integer entry, index; 

arraray data; real value; label FAIL; 
comment this is an example of ~ actual procedure 

corresponding to the formal of the same 
identifier used by RM2112. Its special purpose 
is to enable computation by RM2112 of the shape 
of the GU-series of aerofoils; 

comment different functions are to be performed 
by the body of this procedure according to the 
value of <entry>, which will be equal to -I,O,I,or 2; 

comment entry=O. Here <value> has been assigned 
equa~ to pi. This is an initialising entry, 
enabling the setting up of own constants, or 
other preliminary business.-~ exit, the 
funtion designator must be given the value of 
the angle subtended by the trailing edge (in 
radians }, and <index> assigned zero if the 
aerofoil is symmetric, else non-zero (if it is 
cambered) ; 

comment entry=1. Here <value> is to be 
interpreted as theta(the angular coordinate of 
the transform point on the unit circle). The 
function designator must be assigned the value 
of ln(qO/abs(cos(theta/2))) for any value 
O<theta<2xpi~ where qO is the aerofoil zero 
lift speed relative to that of the free stream. 
If the trailing edge is cusped (i.e. dwbydz=O 
at entry. O) there will be an entry with theta 
(= value) =0. If the aerofoil is symmetric, 
there will be no entries with theta>pi; 

comment entry=2. Here <value> is to be 
interpreted as theta, as for entry I. The 
function designator must be assigned the value 
of (ki-[theta]/2) where [theta] is the 
principle part of theta, such that 
absLthetaJ~pi. Thus the function designator is 
a continuous function of theta (except at sharp 
corners of the aerofoil) and is to be less than 
i/2 in absolute value, signed so that it is 

rmally) negative at the top surface trailing 
edge (theta=O) and positive at the bottom 
surface trailing edge (theta=2Xpi) ; 

comment entry=-1. An interrogative entry made by 
- ~ 2  immediately prior to evaluation of the 

actual parameter corresponding to its formal 
parameter <fix>. If dwbydz is assigned zero (or 
negative), no special action is taken by RM2112 
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(which proceeds to the evaluation of <fix>)° 
However, if dwbydz is assigned a positive 
value, this value will be interpreted by RM2112 
(upon return ) as a value of theta, for which a 
value of the aerofoll abscissa Is required 
(expressed as a fraction of the chord)° This is 
evaluated by RM2112, and then dwbydz 
re-entered, with entry=-1, and with this 
abscissa assigned to <value>. The process is 
repeated until a zero value is assigned to the 
function designator <dwbydz>o The purpose of 
such entries may be to record information in 
array <data> 

comment data. The actual array corresponding to 
-~formal is the same as that corresponding 

to the formal parameter <data> of RM2112. It 
at 

entryO}, or record information (e.g. at entry 
-I). It is not used by RM2112~ 

comment FAIL. An exit to the actual label 
"~spondlng to this formal will cause RM2112 

to transfer control to the actual label 
corresponding to its formal parameter <EXIT>. 
On such exits, a positive value should be 
assigned to <index>, for diagnostic purposes, 
which will be packed into the value of the 
actual parameter corresponding to the formal 
parameter <fail> of RM21 12 - see the separate 
description of failure exits; 

begin 
own real DI,D2,DB~D4,D5,D6,bby2,ub, sigma,taO,aO, 
--~by~, pg, mg,u g, tmby2, muby2, pl, be ta; 

olean F; 
r e a ~ o ~  EF(E,x); value E,x; boolean E; real x; 

comment evaluates if E ~H~B-'E(x) e l ~ ;  
uses non local variable pi; 

~s,t,q; 
~-~O then p'=pi els__~e 

p.=-pi; x:=-x 
end LINE 92, ~l  e 

If x-~1.O then s:= Ise 

s.'-=O-.5Xp; p:=-p; x:=1.0/x 
end LINE 9~, ; 

If x-~0.385 then 

- - - - b ~  0 ~ 
then EF:=s else 
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begin 

t.-in((1.o+x)/(l.O.x)) ; q.=txt; 
EF:-((if E then 1.O else 1.O-In(x)) 

-qX (O. O55~5556-qX-~U. 00388888889- 
qx(2.92~9~94=-4-qx(2 o 333186~-5- 
qx ( 1.93964,-6-qx ( I. 6641 .~-7-qX ( I. 462,-8- 
qxl. 31~-9) ) ) ) ) ) ) )xtlp+s, 

end LINE 107, expansion about zero; 
end LINE 108, 
e--l'se if x-1 .O then EF:-O.25xp+s else 

EF:=(In(If E then -2.O/t else (x+x-2.O) 
/ ( !. O+x-T/t) +-TT~+qx ( o. o 2T77T77778- 
qx( o. ooo97222222-qx (4.881582,-5- _ _ 
qx (2.91648~-6-qx ( 1.9396,-7-qx ( 1.3B7,-~- 
qx( i. o4,-9-qxo. 8,- I o) )) )) ) ) )xt/p+pxo. 25+s 

end LINE 117, expansion about unity 
end---LINE i 18, EF; 

r ea-1"-procedure S(x); value x; real x; 
comment evaluates func-~n defin-~ as the 

series whose nth. term is (2/pi)x(-1) 
TnXtan(x/2)T(2n+1)/(2n+1 )T2 summed from n=O upwards 

comment uses non-local variables pi; 
begin 
real p,q,f; 
p :=pi+pl; x :=x-entier (O. 5+x/p) xp; 
~x>O then p:-pl ....... else 

p.=-pi; x:=-x 
end LINE 130, ; 

if-~x~pi the_.n.n f:-O else 

( ( I .O-col (x))/sin(x) ) ; x :=pl-x; 
end LINE 134, ; 

q:=xXx; 
S :- ( x+xxqx ( O. O 5555555556+qx ( O. 00388888889+ 

qx(2.92894936,-~+qx (2.33318636,-5+ 
qx ( I. 9396405~-6+qX ( I. 6641134,-7+qx ( I. 461551 ,- 
8+qx( I • 3067,-9+qx( I. 1846~-IO+qx( I .086, 1 I+ 
qx(l. OO5~- 12+qx(9.36,- 14+qx ( 8.79,- 15+qx 8.29,- 
16)))))))))))))!/p+f 

end LINE I~2, S, . 
real--procedure FOO(F,t,b:c), value F,t,b,c, 

booiean F; real t,b,c, 
comment with t~theta, b=beta/e and 

c~1-cos(beta), evaluates if F then. 
fO ( theta, beta) else gO (the-~a, be-~a-~, 

comment uses non-l-~l variable pi; 
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real ct,u,p; 
procedure lm(x,y); value x,y;. real x,y; 

---l~:=--fF~5-~hen ln(x)Xy e-~ if x~O then 
• InVz-x)×y - - - -  

ct.=1.O-cos(t ;77---u.=t/(pi+pi)~ u:=u-entier(u+O.5); 
p :=uXpl; 
FGO:=if F then 

cXu+--[!f p>--~-then ( if p>O then -0.5xc else 
ct-O.~')~c) else-~f ~-0 then-O?.Sxc-ct el-~O.SXc.) else 
(s In (t)Xb-lm---~In-~p), ct~i'm(s In (p-b), c-~c) )/pi, ......... 

end LINE 160, FGO~ . 
r e a--i'-~ FGI (F, theta, tan,a) 
-~lue~a,tan,a;. bool%an F; real theta,tan,a; 

c-'6-~nt with tan=tan(alp~a~ and a=alpha,evaluates if F 
h-"~fl (theta,alpha) else gl (theta,alpha) ; 
comment uses non-local variable pi, and procedure EF~ 

:ffithetax?. 5~ theta :=theta-entier (O. 5+theta/pi)xpi; 
if F then FGI .=in(cos (abs (theta)-a)X2oO) elm.~e 

a:=cos (theta) 
FGI :=if a=O then 0 else 

the~-EF ( fa-~, t a~-----~n (theta)/a) ; 
end LINE 173, 

en~F-'LINE 174, FG I ; 
rea-~"procedure FG2(F, theta, tan,m) ; 
-~l~a,tan,m; boolean F~ real theta,tan,m; 

comment with m=mu/2 and tan=tan(mu/2), . . 
~ates if F then f2(theta,mu) else g2(theta,mu); 

comment uses non-local variable pi, and procedure EF~ 

t :-~hetaXO. 5~ t :=t-entier (O. 5+t/pl)Xpl; 
FG2:=If F then 

(i__[f-~s(t-7~, then 0 else if t=O then -80.0 
else in(abs (sin-~)/cos-~[~)7~an))) e-~e 
Tr-~O then 
~E~ the~ then -0.5 else 0.5)Xpl else 

( true, CO S~S in ( t )X--~) ------ 
end LT-NE-189, FG2 

If'~try> O then 

~entry= I ~. . . 
dwbydz • =FGO ( F, value, bby2 ,ub) XDI +FGO ( F, value, 

-bby2,ub)XD2-FGI (F,value-sigma,taO,aO)+(if F 
then D6 else O)+(if gby2-O then O else --- 
F--Y~F, value+pg, gby-~,ug) xD3+~, va-l-d~+mg, 
-gby2,ug)xD4)+(if DS=O then 0 else 
FG2 (F,value, tmby-~,muby2~) -- 

end LINE 199, normal entry evaluating 
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velocity distribution according to equation 
(23) of Appendixl 

else if entry=O then 

comment initialises own constants from 
information supplied by data. data[ 11 
=O. 5E( 1+COS (beta)) ,data[ 21=O. 5×sigma (deg), 
data[B]=alphaO(deg), data[4]ffiG and 
data[ 5]=O. 5x( l-cos (mu)) ; " . 

real lta, bl, sb, cb, bO, $3~, two,one,pt5, tad, 
two :=2.0; one:=1.O; pt5:=O.5; pi'=value; 
tad :=I 80. O/value; 

be in 
~S,C t" 
aO :=dataI31/rad; s :=sin(aO) ; c:=cos (aO) ; 
If s<O or c<O then 

:=3; goto FAIL 
end LINE 21 ,5~ ; 

taO:=s/c; ita :=ln(taO)×two; 
bl :=(itaxc-pi×s)X(s+s) +pi; t :=one-data[ 1 I; 
cb : =one-ub; 
if t~O o_.rr data[ I ]<..O then 

:=7 ; ~ FAIL; 
end LINE 225,- ;. . 

bb-y-~." =arc tan (s qrt (t/data [ I ] ) ) ; beta :=bby2+bby2; 
sb:=sin(beta) ; bO :=beta-sb×cb; 
end LINE 228, ; 

if'-d'~ta [ 4 ] =O then 

a[21=O then gby2:=sigm:=D6:=S3~:=O else 
,,,,, 

GFAIL: begin 
~--~:=4; goto FAIL; 
end LINE 234r, " 

en~F--LINE 235. 
e-'~e if data[4]<O then ~ GFAIL else 

~clglsg,s,c, i,d34; • - . 
~ata[4]XaO; gby2:fgxptS; s .=sin(gby2)xtwo 
hc :=cos (gby2! ; Ug:fp. tSXSXS. ; C .~=g× (one-ug) ; ; 
sg:fsXhc; i.=pt57sg, d34 .=i/taO; 
bl :=bl-(pt5-iXc)/taO; 
if data[2]=O then sigmm:=S34.=O else 
---if data[ 2 l~O--~en 

,cs; 
=two×data! 2 !l ad 

bl :=(csXi+data I. l J ) / b l ;  
bl . = ( l + c s × d a t a [  1 ] ) / b l  ; 

ub:=t+t; 

cs :Tcos(sigma) 3- i:=gxhc/s; 
sB4.=sln (s±gma)/bl/s/s; 
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SIGFAIL: 

MUFAIL: 

L; : 
L2 : 

end LINE 250, 
e-Y~e 

. .=2, om}o FAIL 
end LINE 254, , 

mg :-~pl-g-s igma; 
if mg<beta then goto SIGFAIL; 
~:=pi+g-slgma~ -~.=S34+d34; D4:=S34-d34; 
D6 :=(d34+d34)x (sg-c) ; $34 :=ugxS34/ub; 

LINE 259, ; 
bl :=--J~bl-pi)/bO; D; :=bI-$34~ DR :=-bl-$34~ D5 :=0; 
if data[5]=O then dwbydz.=O else 

if data [ 5 ] <O-~en 
~-ggln 
index :=5; ~ FAIL 
end LINE 265, 
e-Yge 

rea~--mu, t; 
er i; 

qrt (data[ 5]/(one-data[ 5]) ) ; 
muby2.=arctan (tmby2) ; mu :=muby2+muby2; 
t: = (mu +mu )/bo; 
if mu>beta then goto MUFAIL; 
D~: = (dwbydz~a~, -mu, FAIL) -dwbydz ( 2, data, 

i,mu, FAIL) -mu)/( (FGO (false,mu~ bby2,ub). 
-FGO (false, -mu, bby2,ub)~ t+t) +pi×pt 5}, 

if DS<O ~hen 

:=6; , o~_tq FAIL 
end LINE 280-,- ; 

t : =.-~D5; D; "=D1+t; D2 :=De-t; dwbydz :=t :=D5×pi; 
D6.=D6-S (mu~X (t+t) 
end LINE 283, calculating trailing edge 

angle by equation(29) of Appendixl; 
Index:=if sigma=O then 0 else I; k:=O; 
D6 :=ln ( two ) +S (aO+a~Oxlta--~i- [ (DI -D2) 

X ( s b-betaxcb) +D6)/(pi+pi), - 4~. 
end LINE 288. entryO, satisfying 
--~quatlons(R4) to (27) of Appendixl 
else 

comment record extent of constant pressure 
~ n  on top and bottom surfaces in data[6] 

and[7] respectively~ 
switch E:=LI,L2,L3; 
k:=--'~; o~ Elk] ; 
dwbydz:=beta~ goto RTN; 
data [ 6 ] : =valuex~. 0; 
if slgma#O the___n.n 
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L3: 
RTN: 

~ z  : =pi+pi-beta; 
end LINE 302, ; 

dai~al-7 ] :=value×100. O; 

RTN 

dwbydz :=0; 

end LINE 305, entry negative; 
en~F-'LINE 306~ dwbydz; 

~rocedure RM2112(eps, size,x,y,theta,ki,qs ,fix,xval, 
features,dwbydz,data,fail,EXIT) ; value eps; 
real eps; ~ size,fix,fail; 

x, y, theta, ki, qs, xval~ features, data; 
r ealprocedure dwbydz; label EXIT; 
comment the ~rpose of th~s~rocedure is the 

evaluation of the coordinates of an aerofoil 
with a velocity distribution prescribed as a 
function of theta ( the angular coordinate on 
the circle to which the aerofoil transforms 
uniformally) together with other information, 
according to the Lighthill method of R and 
M2112. The significance of the actual 
parameters corresponding to the formal 
parameters is indicated below; 

comment eps. An accuracy tolerance, used in the 
integration process ; 

comment size. The actual parameter corresponding 
to this formal must be a variable. On entry, 
its value is taken as n(say), the upper bound 
of subscript for which the arrays x,y,theta,ki 
and qs are defined. On exit, its value will be 
assigned equal to m(say) the upper limit of 
subscript for which these arrays have been 
assigned meaningful values (see below). The 
entry value determines the size of working 
areas requisitioned by the procedure body and 
must leave about a third of the working storage 
available for this purpose. However, too small 
a value of n will limit the accuracy with which 
the calculation may be performed, irrespective 
of the value of eps; 

comment arrays x,y, theta,ki and qs. The actual 
arrays corresponding to these formals must be 
defined for subscript limits [I :n],- see <size> 
above. Entry values are immaterial Actual 
elements x[kl,y[k]are assigned values 
corresponding to the kth evaluated point for 
k=1(1)m, where m is defined by the exit value 
of parameter <size>. The origin is taken at the 
leading edge, and the upper surface trailing 
edge at (1,0). The value of theta[k] is 
assigned the angular coordinate ( in degrees) 
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of the kth point in the convention 
O~theta~2Xpl, wlth theta=O at the top surface 
trailing edge. The surface slope (in radians) 
is assigned to ki[k]=arctan(dy/dx), with the 
convention -pl/2<ki<pi/2 on the top surface and 
pi/2<ki<3×pi72 on the bottom, qs[k] contains 
the associated value of abs(q/cos 
(theta/2-alpha)), where q is the surface speed 
measured relative to that of the free stream at 
an incidence alpha above zero lift~ 

comment fix. This parameter is evaluated Just 
p r ~  to exit from the procedure. Iflt is zero 

or negative, the current values of thetatk] are 
converted from radians to degrees and the 
procedure exits. In this condition, the arrays 
x,y, etc will have been evaluated at points 
corresponding generally to integer values of 
theta in degrees, at intervals determined by 
the accuracy tolerance (epS)o If the actual 
parameter corresponding to fix is evaluated as 
positive, and equal to p (say), it will be 
taken that the actual array elements 
corresponding to the formal elements 
xval[lJ, .... xval[p] contain abscissae at which 
values of these arrays x,y etc are required in 
preference to those currently assigned. The 
conversion is made by the procedure and the 
xval values copied to the elements x[k], 
repeating for both top and bottom surfaces ( if 
the aerofoil is assymmetrlc), updating <size> 
accordingly.Evidently p must be less than n÷2 
for a cambered aerofoil, and less than n for a 
symmetric section. If the actual parameter 
corresponding to fix is a function designator, 
then ( for example) there is an opportunity for 
both forms of representation to be recorded, or 
for the values of xval to be modified in the 
light of the data accesible from the parameters 
of this procedure; 

~ d  array xval. If the evaluation of <fix> 
es a value p>O, then xval must be defined 

for subscript limits [1:pJ, else this array is 
not used, -see <fix> above. If used, then it is 
necessary that 1~xval[k]>xval[k+1 ]~0 for k=1(1)p~ 

comment array features. The actual array 
corresponding to this formal must be defined 
for subscript limits [ I :16 ]. Entry values 
immaterial. Its elements are assigned values of 
certain geometric and aerodynamic properties of 
the aerofoil-see appended llst~ 

78 



comment dwbydz. This procedure is described in 
comment attached to the appended actual 
procedure with this identifier; 

comment array data. Intended solely for use by 
the actual procedure corresponding to dwbydz; 

comment fail. The actual parameter corresponding 
to this formal must be a variable. In the event 
of an exit via label EXIT, an assignment to 
<fail> is made irS-~iagnostic purposes; 

comment la~el EXIT. Any failure causes this label 
...... to be evaluated, and control transferred to the 

designation, with an assignment made to <fail>. 
A list of failure exits is appended; 

r count,LE, i,arraylim; 
real pi, tad, c,hp, twopi, az, cs, sn, xac, yac, cm; 
~---~ean sym; 
arr_ZEA Z Dx,:Dar[ I :slzel ; 
procedure rootfind(xl ,yl ,x2,y2,x,y,eps,FAIL) ; 

value xl ,yl ,x2,y2,eps; 
rea--~xl ,yl ,x2,.y2,x,y, eps; label FAIL; 
c-~ent finds( correct with~curacy eps) a 

zero of the expression evaluated by a call on 
the actual parameter corresponding to y, 
which is supposed to be a function of the 
actual parameter corresponding t 9 x, 
monotonic in the interval (xl,x2), and having 
the values yl,y2 at xl,x2 respectively, where 
yl and y2 are preferably of opposite sign. 
Successive approximations to the root, by 
Regula falsi, are assigned to the parameter 
x, and the procedure exits to label FAIL if 
these do not converge; 

comment actual parameter corresponding to x 
.... must be a variable; 

,t; 
~-~ge r J,p,n; 
d:=x2-xl; p:=if si~n(d)=sign(y2-yl) then I else -I; 
if sign(yl)~si~(y2~then J:=O else i~-~#O 

~'-'-~ ign(y2)=p then -I else I n:=~u; J:=if s 
end LINE ~, marking b~direc-~n of x 
-'-fn which root bound is undefined 
else if d~0 then goto FAIL else 

~ ; '  goto RTN .... 
@rid LINE ~7, ; 

if a'-~s(yl )>abe(y2) then 
-%e_zz  
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LOOP: 

UB: 

LB: 

AX: 

t :=X2; 
if d<O then x2:=xl 
e-nd LI~r'~52, 
e-l e 

t:=yl; y1:=y2; y2:=t; t:=xl; d:=-d; 
if d>O then xl :=x2 
end LI~E-T~57, ; 

com-'ent t is currently best estimate of root 
~---~-~2 its residual. Where defined, x2 and xl 

are upper and lower bounds; 
if y1=y2 then og~to FAIL else d:=dxy2/(ylmy2); 

slgn(y2-U'z  - - - -  

~-J~O then 

--~b~o then J: =0 else - - -  

then n:=n-1 else o~ FAIL; 
go to if d~U then UB else AX 
en~ L'TNE 470, no lower bound found yet; 

enS'~INE 471, finding if value of t 
--~rovides the undefined bound; 

x2 :=t 
end LINE 474, record upper estimate of root 
e-T e 

~ 0  then 
--~i~O then J:=O else 

if n~O then n.=n-1 else ~ FAIL, 
~to if d<U then LB else AX-- 
en~ L~E 48B~, ~-no upper bound found yet 

enB'-'LINE 484, finding if value of t 
--~rovldes the undefined bound; 

xl :=t 
end LINE 487, record lower estimate of root; 

T~+d>x2 then ~ FAIL 
end LINE ~ test new upper estimate 
e--~e 

<xl then ~ FAIL 
end LINE ~, test new lower estimate; 

if abs(d)>eps then 

y :T~y2, y2:=y; ~ LOOP 
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end LINE 500, process unconverged; 
RTN: 

end LINE 502, rootfind by Regula falsi; 
real'-procedure Hermite (xO~n,m,x,y, Dy) ;. 

value xO,n,m; real xO; integer n,m,. ~ x,y, Dy; 
comment given a ~  of coordinates ~x[k],y~J) 

and corresponding slopes dy/dx=Dy[kJ, for 
kffin(1)m, this function designator is assigned 
the Hermitian interpolate of the ordinate y 
at the given abscissa x=xO. The values 
x[n],...x[m] should preferably be 
monotonically increasing or decreasing; 

comment actual arrays corresponding to the 
formal arrays x,y,Dy must be defined for 
subscript limits [n:m]. Failure occurs if any 
two values of x[k] are identical or if re<n; 

r i,J; 
real r,s,t,a,h,d; 

p[n:m] ; 
S :ffiu; 

it6-# Jf°r J :ffi n s~_~__~e :ffi n ste ,~ un-~m~'~untll m do p[J]:fxO-x[J]; 

a:=O; h:=1.0; r:=p[J]; t:fy[J];, 
for i := n step I until m d_~o if i~J then 

[i]; h:=hXp[ i]/d; a :=a+t/d 
end LINE 528, ; 

s :=s+( (DyC J ]+a+a)xr+t)xhxh; 
end LINE 530, ; 

He~-----fte: =s; 
end LINE 532, Hermite; 

in ee~er procedure ifind(a,b,m, bool) ; value a,b; 
~teger a,b,m; boolean bool; 
comment supposing bool is an expression 

depending on m, such that it is true for 
a~m~J, say, and false for J<m<b,-'~s 
function designa~'0-r-'fs assigned the value of J; 

comment actual parameter corresponding to m 
'" mu's't" be a variable; 

integer k; 
for k :- (a+b)÷2 while k#a do 

m:=~; 
if bool then a:=k els e b:fk; 
end LINe-UP, ; 

if~:ffia; 
end LINE 549, Ifind; 

N, ., 
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procedure TX(top,xO,value,element) ; 
value top,xO; boolean top; real xO,value; 

e lement~------ -' 
comment finds theta value corresponding to 
g ~  abscissa xO on top ( or bottom) 

surface, assigning to <element> the largest 
value of k such that theta[k]~value; 

comment uses non locals LE, count and eps, 
arrays x, theta, Dx and procedures ifind , 
Hermite and rootfind. Exit to label FX if the 
value ca_unot be interpolated; 

J,k; 
real $; 
e-~ent:=k:=if top then 

ifind(1 ,LE~-~,x[k]~x-~ else ifind(LE,count,k,x[k]<xO) ; 
J :=k+l ; - ' - - - -  
roo tfind ( theta [ k ] ,  x [ k ] -x0, theta [ J ] ,  x [ J ] -xO, t, 

Hermite ( t, k, J, theta, x, Dx) -xO, epsX 
abs ( (theta[ k]-theta[ J ] )/Cx[ k] mx[ J ] ) ) ,FX) ; 

value: =t; 
end LINE 571, TX~ 

comment calculates profile ordinates and 
a--~ssa with no lift line parallel to 

x-axis, and origin at trailing edge; 
real tau, endpt; 
~ k ~  

a L l : 1 1 ] ;  
~ pa ra l i n~  (n ,ass ign ,  a, b, eps ~h, I ,m,  record)  ; 

,a,b, eps,h,m~ integer n,m~ array I~ 
rea--~a~ b, eps,h; ~ a s  sign, recor-~ 
comment The primary purpose is to integrate 
--~nctions represented by Isay 1 

f[1],..of[n] with respect to ~say) t from 
t=a to t=b° For this purpose the actual 
procedure assign(f~t)must evaluate the 
array elements f[ I ],...f[m] where m~no 
Integration is by Simpsons rule with 
variable step length = h/2Tp, where p is 
adjusted to the least integer value 
compatible with the accuracy criterion eps ° 
A secondary purpose is to provide access to 
the intermediate values of the n integral 
values l[1],.ool[n] after each step of 
integration (and initially), by a call in 
the body on the actual procedure record, 
with an actual parameter llst (I,y,x), thus 
providing the integrals from t=a to the 
current value t=x, and also a copy of the m 
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NEXT: 

function values previously evaluated for 
this value of independent variable. At exit 
from the body, I will have been assigned 
values appropriate to t=b, so that if these 
are the only results required the body of 
the actual procedure <record> can be empty. 
At entry, appropriate values are assigned 
to the function values and the array I is 
assigned zero; 

comment The actual array corresponding to the 
formal array y must be defined for 
subscript limits [1:m], and to I for [1:n]. 
The headings of the actual procedures 
should have formal parameter parts as 
above, with t called by value and specified 
real, and f specified array, for <assign>, 
and all parameters called by value with x 
specified real, and I and y array , for <record>; 

begin 
if m<n then m:=n; 
i--# n>O then 

begin" 
integer k,c; 
boolean last; 
real t,d,delta,xe; 

e,fO[1:n] ,y, f1[1 :m]; 
for k := I step I until n do l[k] :=0; 
as--~ign(y,a.); record[I,y,a~ 
if b=a then goto FINISHED; 
~s : =able); -~ delta: =eps/8. O; last :=false; 
if h.=0 then ~oto COMPLETE else 
.... h. =s ign-~--b- a~bs ( O° 5xh ) ; ...... 
if b-a>hX2. I ~ h>O then xe:=a+h+h else 
--be a 

if last then goto FINISHED else 
--begin 

COMPLETE: 
c:=0; 
h:=(b-~)×O~51 last:=true; xe:=b; 
end L NE 38, ; 

end---LINE 639, ; 
for-~ := I st~ I until n do fO[k]:=y[k]; 
a-~ign(y,xe);~ 
assign(fl,a+h); d:=O; 
for k := I step I until n do 

begin 
t:~=e k]:=(fO[k]+y[k])xO.25; 
if t>d then d:=t; 
en---d LINE--E--g47, ; 

d:=--d~h; 
if d>__eps then 

HALVE : 

c :=0; 

t:=abs(t+t-f1[k]); 
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FINISHED: 

xe :=a+h; c :=c+c; last :=false ; h:=O. 5xh; 
for k := I st~ I until m~[k]:=fl[k]; 
~o HALVE; 

LINE 654, ; 
t :=-h--/o.75; 
for k .'= I step I until n do 

record(l,y,xe), a.=xe; 
if d>delta then c:=c+1 else 

- - - -  _ _ _  

k:=c+2; 
if c=k+k then c:=c+l else 

~ I  ; h :=h+h 
end LINE 665, J 

enS---LINE 666, ; 
go to-----NEXT; 

end LINE 669, 
enS--LINE 670, parallnt; 

Integran(y, theta) ~ value thetaJ 
real theta; ~ y; 
comment uses n~ocal i,endpt,sym, tau,pl and 
~ ,  .procedure dwbydz, array data and label F; 
if theta~endpt then 

i,e,h,s,c,ck; 
~--:/~.Sxtheta; s:=-sln(h); y[10]:=sXs; 
Y[9] :=exp(dwbydz ( I ,data, l,theta,F)) j 
Y[7] °=dwbydz(2,data, l,theta,F) ; ki:=y[ 1 I] :=YK7]+h; 
ck:=cos (kl) j e :=s/y[9] ; yK 8] :=ckxe; c :=cos (h)xs ; 
y[1].=y[8]-c; y[2]:=sln(ki)xe; y[S]:=cXck/e; 
y[4] '=cos (theta)XcXki-hxy [ I ] ; 
if not sym then 

~ = c × c X y  [ 7] ; y[6"I :=~y[2] : 
end LINE 687, ; 

comment y[l],y[2] and y[3] are the Integrands 
o---~quations (4), (3b) and (5) respectively 

of Appendlx2, .Y[5] is proportional to 
Integrand of (12) and y[4Sand y[6] are 
related to Integrands occurrlng in (I I ) ; 

end LINE 693, 
e-~e 

own real Y.TO,y90 

£or~~= I ~ I until 10 do y[k]'=0; 
~ r ' e n d p t = O  ~ n e n  - - " - " -  " 
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START: 

OVERSIZE: 

INTEGRATE: 

: =twopi ; 
y70:=y[ 11 ] :=Y[7] :=if sym then -0.SXtau else 

dwbydz ( 2, data, i, O,----~F) ; .... 
y90:=y[9]:=If tau~O then O else 

end LINE 706, at theta zero 
else 

yTO+tau; y[ 11 ] :=y[7]+pl; Y[9] :=y90; 
end LINE 710, at theta = twopl; 

y [ B-J-K=cos- (y[ 7] )xy9o 
end LINE 712, Int~g.ran; . . 

~ro-~dure record(I,f,t~, value t, ~ I,f, real t; 
comment uses non locals count,slze and label 

OVERSIZE, and arrays x,y,theta,kl,qs,Dx, and Dy; 
if count=arrayllm then goto OVERSIZE else 

,,,,,, ,, ,,,, ,, 

~ e r  k; 
lkl:=cloUnt :=count+1 ; theta[ k] :=t; x[k] :=I[ I ]-f[ 10] j 

kl[k]:=f[11]; qsik]:=f[9]; Ox[k]:=rL8]; 
Dy[k] :=f[2]; 
end LINE 722, record; 

arrayllm:=size; fail:=k:=size :=0; 
pi:=arctan( I .O)X4.O; twopi :=pi+pl; hp:=O. 5×pl; 
rad:=180.O/pl; tau~.=dwbydz(O,data, l,pi,F) ; sym:=i=O; 
goto if eps<O or arraylim<10 then EXIT else INTEGRATE; 
k:=k+1 i 
eps:=( if sym then pi else twopl)/theta[count]) 

T3xepsx2.0; ' "  

count : =0 j endpt: =O; 
paralint(If sym then ~ else 7, integran,endpt,lf 

sym the~-pl else-~wopl,eps, 8.O/tad,a, 11 ,record) ; 
if sym then 
i~be~ ..... 
features [ 15] :=(a[ 3]-pi)×2.O; features[ 16] :=O; 
eps:=abs(a[2]); xac:=a[4]/hp+O.25 
end LINE 737, 
e ls e 

es[ 15] :=a[3]-twopl; features [ 16] ".a[7] ; 
eps :=sqrt(a[ 1 ] T2+aL2 iT2) ; cm:=-R.Oxa[ 5J, 
yac :=(cm-a[6] )/pi; xac :=a[4 ]/pi-O.75; 
end LINE 743, ; 

for k := I ste~ I until 12 do features[k]:=O; 
s--i~e : =count ;---~eature-~ ] : =~'~u×rad; 
end LINE 747, xac, yac and cm assigned; 
b-~in 
comment change axes to pass through leading edge; 
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ANGLE: 

o; 
if sym then 

LE:=count;. c'.=-x[LE] ~ az :=0; 
features [ 3 J : =xaoX I O0. O/c; 
fop k := I ~ I until count do 

~~[k]/e; x[kl :=1 .o+x[kl/c; I~[kl :=Dx[k]/c; 
Dy[kJ .=I)y [k!yc 
end LINE 760, 

end---LINE 761, 
e-lXe 

real kl, k2, t, xt, yt 
~-~flnd ( 2, count,k,x[ k] T2+y[ k ] T2>x [k-1 ] Te+y[ k-1 ]T2) ; 
k2:=O; 
kl o=ki[ J ] -arctan (y[ J ]/x[ J ] ) -hp; 
if k1>O then 

I, Jo=J-1; ~ ANGLE 
end LINE 77e, ; 

LE :=-~+I ; 
if k2=O then k~2:=ki[LE]-arctan(y[LE]/x[LE])-hp; 
~o tfind (the ta [ J ] ,kl, theta [ LE]], k2, t, dwbydz ( 2, 

data ~ i, t, F) -arc tan ( Hermit e ( t, J, LE, the ta, y, 
Dy )/Herml te ( t, J, LE, t heta, x, Dx) ). hp+O. ~Xt, 
e psX( theta[ LE] -theta [ J ] ) 7(k2-kl ), EXIT) ~ 

az .=hp-dwbydz (2,data, i, t, F) -0.5Xt ! cs ~=cos (az) 1 
C .=-Hermite (t, J, LE, theta,x, Dx)/cs, sn.=sln(az)yc; 
cs :=cs/c~ J :=-I ~ size :=count :=count+1 
for k := count step -I until I do 
---ff k=LE then ~ els%'---- = 

xt:=x[k+J]: yt:=y[k+J]; x[k]:=1.0+xtXcs-ytxsn, 
y[k] :=ytXcs+xtxsn~ ki[k] :=ki[k+J]+az; xt :=Dx[k+J] 
yt :=Dy[k+J ] ; Dx[k] :=xtxcs-ytxsn; 
Dy[ k], : =ytxcs+xtxsn; 
if J~O then 

~'~[ k] :=theta[k+J ] ; qs[k] :=qs[k+J ] ; 
end LINE 79e, 

en~--'LINE 793, ; . . 
fea-~res [ 3 ] := ( I. O+xac×cs -yacxsn) x 100. O, 
feature s [ 4 ] : = (yac×cs+xacxsn) X I O0: 0 
features [ 5 ] :=era/(cXc) ~ features ! I J : =. az×rad ;. . 
x[LE] :=y[LE] :=Dx[LEJ :=0: ki[LEJ °=hp, theta[LEJ :=t; 
fail:=250~ qs [LE] :=exp(dwbydz (1 ,data,l,t,F)) ; 
Dy[ LE ] : =-sln(O. 5×t)/qs~[ LE ]/c 
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end ~ LINE 800, 
fea-~res [ 2 ] :=twopi~c/rad; features [ 12] :=eps :=eps/c; 
comment variables LE, c,cs = cos(alphaz)/c, and 

sh=s~n(alphaz)/c have been assigned with c 
equal to a quarter of the value defined in 
the Appendix 2; 

end LINE 806, ; 

comment find geometric features-thlckness at 
0.05c, and position and size of max thickness 
and camber; 

real xO,t, t5,b5; 
real ~rocedure rflnd (a,b,x, eps,bool) ; 

value a,b, eps; real a,b,x,eps; boolean bool; 
comment supposing ~ool is a function of x 

such that it is true for a~x~y, say, and 
false for y<x~b, thls function designator is 
assigned the value of y correct to within 
an accuracy eps; 

comment actual parameter corresponding to x 
~---~e a variable; 

b.'---~-a; eps :=abs (eps)XO. 5; 
for b := bx0.5 while b>eps do 

: =x: =a+b; 
if bool then a:=t; 
end LINk~8, ; 

rf~--~: =a 
end LINE 830, rfind; 

tea--i--procedure grad(cam,xO); value cam,xO; 
boolean cam; real xO; 
cogent uses non-'~ocal i, array data, 
...... pr0cedures TX and dwbydz, and exits to 

label F in event of failure; 

integer k; 
real kt, t; 
~rue,xO, t,k) ; kt :=dwbydz (2, data, i, t, F) +0.5xt; 
,if s--~--then 

gra~-ff cam then 0 else kt+kt 
else 

,xO, t,k) ; 
grad'Y~[f_~f cam then dwbydz (2,data, i,t,F)~ 

+0.5Xt-pi+az+az else pi-O. 5×t-dwbydz (2, 
data, i, t,F) )+k~.; 

end LINE 848, , 
en~F-LINE 849, grad; 

l 
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real procedure ord(top,xO); value top,xO; 
---~olean top;' real xO; --" 

comment uses nonvocal arrays theta,y, Dy and 
procedures TX and Hermlte; 

k; 
tea- ~ ; 
~op,xO,t,k) ; ord:=Hermlte(t,k,k+1,theta,y,Dy) ; 
end LINE 858, ord: 

faTi-{.'=300; xo.=rflndlO, I .O,xO,eps,grad(false,xO)>0) ; 
features [ 8] :=xO×1 O0 o0; 
if sym then 
---beg~------ 

t :=ord(true,xO) ; f~atures [ 6 ] :=ord (true, 0.05)/t; 
features-~: =200. Oxt 
end LINE 865, 
e-~e 

~ :=ord(true,xO)-ord(false,xO), t5:=ord(true, O. 05) ; 
b5: =ord~a'~s e, O. 05) ;~-'-~ture s [ 6 ] .= ( t 5-65~7~; 
features~1 O0. Oxt; 

~ e  r k,J; 
~ e  m; 

an up; 
up:----~e; m:=O 
for k := count-1 step -I until 2 do 

abs (k-BE) <I .~en u~is e'~ise 

t :=oral (up,x [ k ] )+y[ k] 
if abs(t)>abs(m) then 

J :=k 
end LINE 883, 

end----LINE 884, ; 
T~E,x[~j,t,kj;Vv-a-~ l , . . . 
up [=dwbydz--~ (2, data, i, t, F)+0.5xt+az+kl [ J ]>pl eqv m>O; 
xO.=rflnd(x[If up then J else if J>LE then -- 

k+1 else k~x[If n~ up-~n--~ else i~ . 
J>LE-~n k elf ~$T],xO,eps,gra-~-e, xO)>O 
m>O) -- -- 

end LINE 891, locating max camber; . 
fea-~-ures [ 11 ] :=(ord (true,xO)+ord(false,xO) )×50 °0; 
features [ I O ] : =xO× I OD-Y~ 
end LINE 894, 

end----LINE 895, ; 
begin 
comment interogate dwbydz .by entry=-1, and 

inte/~ogate <fix>, then convert theta to degrees; 
k~xk; 
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real. tl 
" f 'A- i 'T.  --- 4. o o ;  
for t := dwbydz(-l,dat~,i,t,F) while t>O do 

nd( I, count, k, theta[ k] <t) ; 
if k=count then k: =k- I ; 
~.=Hermite (t,~, k+1, theta,x, Dx) 
end LINE 907, returning to dwbydz with abscissae; 

xk." =--~Ix; 
if xk>O then 

begin 
comment replace abscissae by tabulated values 

in <xval>; 

~ e  n, m, J, newcount, NCP I ; 
, ~le , ,  

i-'f-~val[ 1]<x[ I ] then n:=1 else 

n: =~; bte : =ki [ count ] ; 
end LINE 918, ; 

for---~ := 2 step I until xk do 
---ff xval[ JSS-x~al[ J----TS"or x~l[ J ]<0 or 

xval [ J ]> I .U then . . . . .  

6oo+J;. goto FX; 
end LINE 924, ; 

If-~al[xk]>O then m:=xk else 

m:=xk-1; gle :=qs [LE] ; 
end LINE 928, ; 

newcount:=If sym then xk else xk+m; 
if newcoun~"~ar ray 1-'~--t hen ....... 

i~=6OO; 93g°t° ;3~--- FX; 
end LINE 

NCP-'~=newcount+1 ; fall :=500; 
for J := n step 1 until m do 
-'Segin ---- 

~e,xval[ J],ki[ J ],k) ; 
if no--~sym then TX(false,xval[J],ki[NCP1-J],k) 
e-nd--~INE 9~--, kl n0w contains new theta values; 

:= n ~ I untll m do 
, . t 

[J] ; k:=Iflnd(1,LE,k, theta[k]<t) ; 
Dx [ J ] :=Hermlte ( t, k, k+1, theta,y, Dy) ; 
if not sym then 

~[NCPI ?J] ; k:=Iflnd(LE,count,k, theta[k]<t) ; 
Dx [ NCP I - J ]. =Hermite ( t, k, k+ I, theta, y, Dy) ; 
end LINE 948, 

en__n_~F-'LINE 949, ; 
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F" 
FX: 

OUT: 

if not sym and n/1 then 

xn--[~count]:=x[count]; 
theta[newcount]:=twopi; 
ki[newcount]:=bte 
end LINE 955, ; 

If'-~xk then 

y [ newcount ] : =y [ count ] : 
qs [newcount ] :=qs [ count ] ; 

--be_Za  --- 
If sym then 

x--~°=xKLE] ; y[xk] :-y[LES ; 
end LINE 961, 
e-~e x[xk] :=y[xk] -=o; 

the-~xk] "=theta[LE] ; qs[xk] :=gle; ki[xk].=hp 
end LINE 964, ; 

s Iz-~." =count: =newcount; 

~ COPY (P); procedure P; 

t:s~ ~ht~en I until m d oo P(J); 

f~J := n-'-~.__e~ I until m do P(NCPI-S) 
INE 97e, ~OPY~----- ..... 

~ P(k);. value k; ~ k; 

x[kJ~=xval!J], y!k]:=Dx[k]; theta[k]:=t:=ki[k]; 
qs[kJ :=exp(dwbydz ~ I ,data, i,t,F) ) ; 
kl L k ], =dwbydz ( 2, data, i, t, F) +0.5xt +az; 
end LINE 978, ; 

coP-Y-(P) ; 
end LINE 980, 

enB----LINE 981, if fix not zero; 
for---~ :~ I ~ I ~-ntll count do theta[k] :=theta[k]xrad; 
e~ OUT; "-'--- 

LINE 98~, ; 
faTl'r.. =fa i l+ i; 
for i := I st~ I until count do theta[i] :=theta[i]Xrad; 

EXIT; --- 

en_~d LINE 989, RM2112; 
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3. Index to Array Elements 'features' of RM2112. 

Subscript 
1 

2 

3 

4 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

value. 
Zero-lift incidence (degrees) 

Lift-curve slope (per degree) 

x-co-ordinate of aerodynamic centre (~  chord from leading edge) 

y-co-ordinate of aerodynamic centre (o~ chord above chordline) 

CMo 

thickness at 5~  of chord from leading edge/maximum thickness 

trailing-edge angle (degrees) 

maximum thickness position (~  chord from leading edge) 

maximum thickness (~  chord) 

maximum camber position (~  chord from leading edge) 

maximum camber (~o chord) 

error in trailing-edge closure condition (fraction of chord) 

number of re-starts with increased value of eps. 

value of eps, possibly increased on restart due to storage limitation 

error in integral of equation (5), Appendix II 

integral of Z with respect to 0 from 0 to 360 °. 

4. Index to Failure Exits of RM2112. 
Indicated below is the state of the information assigned to the actual parameters corresponding to 

the formals 

size, x, y, theta, ki, qs, features 

when control is passed to the actual label corresponding to EXIT, and the reason for failure, as determined 
by the actual value corresponding to the formal parameter fail. 

This latter is an integer equal (say) to 100 x n + m, (where 0 ~< m < 100). The failures with m ¢ 0 and 
, < 6 are these associated with failure number m in the procedure dwbydz, and so the cause depends 
on the procedure body supplied. None occurs in the version of dwbydz herewith, except at entry 0 
(when n = 0 and m ~ 0). With the exception of the trivial failure n = m = 0 (due to a non-positive value 
of eps on entry), the failures with m = 0 all originate from the body of RM2112, and in particular from its 
local procedure, rootfind. Such failures should not occur, but where they cannot be ascribed to machine 
error, the most likely cause is a small irregularity in the shape of the aerofoil in the region where inter- 
polation of the co-ordinates is being attempted (which involves the iterative solution of a transcendental 
equation). A remedy will usually be found in altering the value ofeps. 
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Failures 

n = 0 .  

g t = 2 .  

g / = 3 .  

Y/=4.  

n----5. 

Failures 

I ' l=-O. 

n =  l .  

n = 3 .  

g t =  5. 

Failure 

(with m ~ O) in dwbydz. 

Failure during initialising entry or in formation of wing co-ordinates.  All array values undefined. 

Failure during determinat ion of  co-ordinates  of leading-edge. State of arrays as for n = 1, 
m = 0 (see below). 

Failure during determinat ion of the velocity at the leading-edge. The arrays x, y, theta, ki and 
qs and the variable size, have now their values as at a normal  exit with f ix  = 0, except that 
qs and ki are incorrect at x = y = 0. 

Failure at entry 2 during evaluation offeae2res. State of arrays as for n = 3, m = 0 (see below). 

Failure at entry - 1. State of  arrays as at a normal  exit wi thf ix  = 0. 

Failure during determinat ion of  qs or ki values at new abscissae, which are consequently un- 
defined. All other arrays and variable size, as at normal  exit (with abscissae values as prescribed 
by xval). 

(with m = O) in RM2112. 

non-posit ive eps or inadequate entry value of  size. 

Failure during determinat ion of co-ordinates of  leading edge. The arrays x, y, theta, ki and qs 
have been assigned, as well as the variable size, but the co-ordinate system is that  referred to 
the trailing-edge as origin, with the x-axis parallel to  the free stream direction for zero lift. 

Failure during formation of ar ray  features, which has unassigned values appearing as zeros. 
Other  arrays have values as for normal  exit wi thf ix  = 0. 

Failure in locating ordinates for values of ar ray  xval. Values of ki are rubbish, but all others are 
as at a normal  exit wi thf ix  = 0. 

n >~ 6. Interpret  m as the value of fail minus 600. Then this failure is caused because the value 
ofxval [m] is unacceptable (either xval [ml > xval [ m - 1 ]  or xval [m] < 0 or xval [m] > 1). 
State of  arrays as at a normal  exit wi thf ix  = 0. Failure n = 6, m = 0 implies that the number  
of  elements of xval, prescribed by the value offix, is too large for the results to be accommoda ted  
in the arrays x, y, theta, etc. 
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