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Solutions to Chapter 28 Problems
S$.28.1

The solution is obtained directly from Eq. (28.9) in which dci/d0 =a, o =oap and

¢m,0 = Cm,0. Thus
C Als —
b _ ( M.0 +a0> [cos G-y 1]
ea COS AS

C As — C
9:< M,O+a0) cosA(s —y)  Cmo

which gives

(o 7))
ea COS AS ea
Thus
Cm COS A(s — Cm
9+ao=< ’0+on> (s—y) Cwmo
ea COS AS ea
where

22— ea% ,0V2c2
GJ
Also, from Eq. (28.11) the divergence speed Vj is given by

Vi m2GJ
4= 2pecsia

Since the additional lift due to operation of the aileron is at a distance hc aft of the
flexural axis the moment equilibrium equation (28.25) for an elemental strip becomes

5.28.2

dTr .
—38y — ALec — ALghc =0 (1)
dy
in which, from Eq. (28.23)
1
AL = pV2eby [al (9 - %) + azfa(y)é]

where f,(y) =0 for 0 <y <ks and f,(y) =1 for ks <y <s. Also
ALg = 3pV2edyar fu(1)§
Then, substituting for T(=GJ df/dy), AL and ALg in Eq. (i) and writing A=
pVZec?a)2GJ
d?6 2Dy shay

—— 4220 =222 4 A%

e g (ii)
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The solution of Eq. (ii) is obtained by comparison with Eq. (28.29). Thus

in A h
01(0 — ks) = L y— SRAY ) azé(tan As cos Aks — sin Aks) sin Ly (ii1)
\% A COSAS eda

and

p sin Ay
Or(ks —s) ==y —
b (ks — ) v (y )

A COS AS
hay& . .
+ (1 — cos Ay cos Aks — tan As cos Aks sin Ay) @iv)
eal
Then, from Eq. (28.32)
b py ; Py $
/ ai <91——)ydy+/a1 (92——)ydy=—az%‘ ydy (v)
0 14 ks 14 ks

Substituting for 61 and 6, in Eq. (v) from Egs (iii) and (iv) gives

\)

s ks ) K (e + h) s
—tanAs | ysinAydy 4+ tan Aks ysinAydy — [ ycosiAydy+ ——F— [ vy
0 0 ks h cos Aks ks

peay / o avd
= sin
hayELV cos Ascos ks Jg Y ye

Hence the aileron effectiveness is given by

s ks
—tan As / ysin Ay dy 4+ tan Aks / ysinAydy
0 0
§ (e+ h)

- aydy + ————[s% — (ks)?
(ps/V) ,/ks ycosaydy+ 2h cos Aks L7 = ksl i)
£ ea /S .
Ayd
hay\s cos As cos Aks Jy YAy ey

The aileron effectiveness is zero, i.e. aileron reversal takes place, when the numerator
on the right-hand side of Eq. (vi) is zero, i.e. when

s

ks L K
e+h
tanAks/ ysin)\ydy—tan)»s/ ysinkydy—/ ycosiydy = (e+h)
0 0 k
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