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striction on the computer sharmg such tasks would be the total
computational speed requirements. -

The checklist management function was added to the system
to demonstrate the integration potential of the stall margin
indicator. '

Conclusion

The stall margin indicator described in this paper was devel-
oped as a flexible test bed. The hardware has been designed to
provide the software with as much control over the system as
possible, thus allowing new innovations to be implemented
with minimal reconfiguration of the hardware. The system will
be used for continued research into effective application of
stall margin indication as a useful pilot information source.
The display technology and configuration will be studied along
with effective integration of stall margin with other cockpit
functions.
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EValuation of Two Singular
Integrals fromThin Airfoil Theory
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Introduction

N .the analysis of thin airfoils using second-order small-
perturbation potential flow theory, a need arises to eval-
uate integrals of the type

1 §"nf(1+£) /(1)
fgl. /1_£Z(x_£)‘ dg (1)

and

fl §"m/(1+£)/(1-¢)
-1 (x-§)

dé )

for -1 <x<1.
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These integrals were evaluated in closed form by Van Dyke
and are available in Appendix B of Ref. 1.

However, in airfoil theory one frequently works in terms of
the Glauert variables 6, ¢, defined as

¢=cos'1§ | 3)

In these variables, integrals (1) and (2) may be expressed,
respectively, in terms of sums of integrals of the type

9 =cos™'x,

H,(8) = f cosn¢ézcotqb/2 do (4)

" cos¢ — cosf

and

smntpézcot¢/2 ‘
1,(0)= ./ " cos¢ — cosf dd’ )

where 0 <0 < 7.
In this brief Note, these two 1ntegrals are evaluated in

closed form.

Evaluation of the'Integrals

Integral H,

For this integral, the followmg recurrence relation (n>0
and integer) can be derived:

H,,H(P) + H,_(8)=2cosfH, () + 2fwcosn¢ézcot% d¢
0
(6)

Now,

f cosn &z cot dq5
0

=/ smn¢ ¢

n sing

0 1f n is even
B { a/n if nisodd )

Hence, Eq. (6) may be rewritten as
Hz+l(a) + I{nfl(a) = 20050[{:1(0)
+[1-(-1"]a/n (8)

whose solution is
H,(0) =Asinnd + Bcosnf

+ﬂ2 [1“( 1) ] s1n(:m—0k)0 o 9

The two conditions needed to evaluate the constants 4 and B
are obtained by evaluatmg H, and Hj, which are

H,(0) =72/(2sind) (10)
, H,(8) =7 cotd/2 (11)
from which
A=0, B=x/(2sind)
Therefore,
? cosn0
H,(8)=7% sinf

n 1 [1_( 1) ]

k sinf sin(n— k)0 (12)
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Integral I,

For this integral, the following recurrence relation (n >0
and integer) holds:

[n+l(0)+1n—1(0)=ZCOSOIH(0)
L ¢
+2 tcots d 13
fosmnqb coty d¢ (13)
Now

fw sinné & cot% do
0

0 if n is odd
_ n/2
Z wn(llj——l) if n is even (14)
k=1

Hence, Eq. (13) may be rewritten as

In+1(0) + Ir_;—l(o) = 2C0501”(0)

+ [1+(n_1)”] kf-;/?,% (15)

whose solution is
I,(8)=Asinnb + B cosnd

" [1+(—1)k] K 4 sin(n-k)0
+k§1 k j=21,31 sinf (16)
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I,(0) and I,(8) can be directly calculated as
I,(8)=0 (17
I(0) =7%/4 — &* cotd /2 (18)

from which

(™ ol jsing,  B-
A= e cot /sinf, =0 (19)

Therefore,

2
L(0) = (T - & cotg) sinnf /sind

(20)

Conclusion

Two Cauchy integrals useful in second-order thin airfoil
theory have been evaluated in closed form.
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