Z

U
d
%VS -

Figure 1: Sketch of flow at cadapt

EAE 127 - MIDTERM /SOLUTION 11/03/06

(Open Notes, open Book)

1. Inviscid, Incompressible Flow (20 points)

1.1 Flap Modelization with Thin Airfoil Theory
The slope d’(z) of the plate as a function of z is given by

(r) = 4%(1—2 ), 0<x<uay
{d’()Z d1-2%)~dp, ap<z<c

As a function of ¢ one gets

d'(z) =44 cost, 0 <t <ty
d'(z) =4%cost — 6y, ty <at<m

1.2 Coefficient A,

Using the formula derived in class

T 1 (™ d T ty
Aoza—l/ d’[:c(t)]dt:a——/ 4—costdt+5—f dt = a+ ( ——j)5f
0 0 C T

s ™ s

For t; = 7 (xy = c) one finds Ay = a.. In this case there is no flap and the parabolic plate result is recovered.
For t; =0 (zy = 0) one finds Ay = o + J;. The whole plate is a flap, therefore the flap angle has the same
effect as the angle of incidence.

The angle of adaptation agapt(ts,dy) is

Qadapt(tf,07) = —(1 — =)dy

For t; = 7 (x5 = ¢) adapt = 0. This is the result for the parabolic plate.

For t; = 0 (x5 = 0) aqdapt = —Jy. The incidence and the flap deflection are opposite, so that the profile
chord is parallel to the incoming flow.

The incidence of adaptation for z; = 3c/4 (t; = 27/3) and 6 = 10 deg is Cadapt = —365 = —3.3 deg.

See Fig. 1.



1.3 Coefficient A,
A is given by
T 2 (™ d 20 T d 2
A = —/ d'[z(t)] costdt = —/ 4~ cos? tdt — —f/ costdt =4— + —sints s
0 0 (& ™ C ™

m m t

For t; = m (z; = c) the parabolic plate result A; = 2¢ is recovered.
4d

For ty = 0 (x; = 0) the profile remains a parabolic thin profile, resulting in the same value A; = =%.

1.4 Coefficients A,, ..., A,, n > 2
The general term A,, is given by

2 (7 2 (™ d 207 [T
A, =— / d'[z(t)] cosntdt = = / 4= cost cosntdt — =L / cosntdt =
0 T™Jo € T Jt;

sinnt g

of
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For n = 2 this becomes A; = %5%

1.5 Global Coefficients

As shown in class C; = 2w(Ag + A1/2). Substituting the expressions for the Fourier coefficients

! 167}

d int
O =2nf{a+25 41— L4 20
c T
The leading edge pitching moment is C,, , = —5 (Ao + A1 — A2/2). This becomes

™ d ty sinty  sin2ty
mo = — % -+1l-=4+2— - o
Cn, glatd-+[1-—+ T 1or}

The drag coefficient is always zero
Ca=0

If thickness is added to the thin cambered plate, none of these coefficients will be affected.

1.6 Aerodynamic Center (Bonus Points)

The aerodynamic center is the point about which the moment of the aerodynamic forces is independent of
incidence.
For a thin airfoil it is at quarter-chord.

The moment at the aerodynamic center is given by Cp, 4c = —%(Al — As), that is
m, d 2sinty sin2ty
Cm ac — T 4— - = 6
o= =S +[ZH - B

2. Linearized Supersonic Flow (10 points)

2.1 Flap Modelization with Thin Airfoil Theory
The slope of the mean camberline is given by

dz)=0,0<z<zy
d(z)= =65, zy<z<c

As seen in class, the Ackret formulae give the pressure coefficients as
{ C;‘(x):%(d’(x)—a):—%a, 0<z<uzy
Ci (@) = 2(d () —a) = ~2(a +8p), ey <a <c

B
{ C‘(m):—%(d'(x)—a):%a, 0<z<uy
Cy (@) = —2(d'(x) — ) = 2(a +6p), 1 <2 <o

See Fig. 2.
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Figure 2: Pressure coeflicient distributions on the flat plate with flap

2.1 Global Coefficients: C

The aerodynamic coefficient C; is obtained by integration of the pressure coefficients according to

¢ dx ¢ Srdx ¢ adzx 1-% «
= - — + _— = —f— —_— = c —
Cl—/O(Cp(:c) C'p(:c))c /zf4ﬁc+/o4ﬁc 4 3 5f+46

2.2 Global Coefficient: C,;

Ca=% [y (d? +¢?/4+ o). The second term vanishes (zero thickness). There remains

4 (¢ odxr 4 [ ,dr 1-%L a?
c:_/ 52—+—/ o= =4——C 57 +4—
B, e ) e BT




