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제출기한: 11월 5일 (금)

[image: image1.png]1. Consider an airfoil subject o pitch (@) and plunge () motions as shown in Fig. |

Figure . Airfoilin motion

Also, consider the umpect-vorix model ofFig. 2, wherethe normalvash at the control
pointis given by
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where b the lag factor (empirical)

‘

Figure 2. Lumped-Vortex Model

) Apply flow tangency at control point, and establish the ordinary differential equation for
() in terms of @, &, and .




[image: image2.png]b)  Assume simple harmonic motion @ =@e™, h=he'

A determine the “response”
r=fe”

©)  Determine lift
unsteady Bemnouli).

Le from the fumpedvortex result L= pUT"+ pe . (rom

d) Determine L from Theodorsen's result.




Refer to Prof. Drela’s note (참고자료 8번), p.9, “Typical-Section Flutter Analysis.”
Be careful about the definition of the reduced frequency (k) between in the reference and in the previous step.

[image: image3.png]&) What s a suitable value for the lag factor b to best match results of the lumped-voriex
model (¢) with the "cxact” Theodorsen result of () for a reduced frequency range of
0<Kk<10? Try 05<h<1. _Show plots of real and imaginary parts of the lift for

@=1Z-0m@=02-





Before plotting the lift component, compare the formulas obtained in (c) and (d), especially regarding the part for C(k). (You may need to consider only the circulatory part in the result of (d).)
Then, predict an appropriate value for “b” by taking a limit of k to infinity.
(By doing this prediction, you may not need to try 0.5 ( “b” ( 1.)
With this prediction of b, you may now plot the lift component corresponding to (c) and (d), with and without the non-circulatory part (apparent mass term).
[image: image4.png]Note: Theodorsen Function

‘Theodore Theodorsen in NACA TR 496 (1935) identified the following ratio of
integrals:

as the fundamental function of reduced frequency (K), which describes the wake influence
on the unsteady circulatory airloads. He also showed that the integral ratio could be writien
in terms of Hankel functions of the 2nd kind, or Bessel funcions of the Ist and 2nd kinds
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(A table with values for different reduced frequencies is shown on the next page)



 [image: image5.png]Theodorsen Function
C(K) = F(k) + 1 G(k)

Ref.: AGARD Manual on Aeroelasticity, Vol. VI

« F(k) ~6(k) « £(k) Sk |
| o 1.0000000 | 0.0000000 | 0.64 | 0.5726853 | 0.1330845
0.01 | 0lsg2e216 | 0.0seS21 | 0.6 | 0.s%8% | 0.1307822
0.0z | 0.9637253 | 00752079 | 0.68 | 0.5672518 | 0.1288708
0.03 | 0lses0i1l | 00978135 | 0.70 | 0564759 | 0.126a183
0.0¢ | 0.5267018 | 011160013 | 0.72 | 0.5628026 | 0.1263252
0.05 | 0.9050087 | 011306443 | 0.74 | oseorriz | o.1zz2msz |
| 0.06 | olssz0ss | ollezsess | 0.76 | o.sseuse7 | 0.1203065
0.08 | 0.8604318 | 01604021 ‘| 0.78 | 0556009 | 0.118378¢
0.10 | 0.8319241 | 01723022 | 0.80 | 08541666 | 0.116502¢
| 02 | 08063273 | 011800727 | o.82 | olss23368 | ol1neeves
| 06 | o7e:7s | o0lseesns | o.se | oseesiia | 01111718
0.16 | 07627713 | 0.1875653 | 0:%0 | 0.5459285 | 0.1078396
0.18 | 07442570 | 001886727 | 0.9 | 05631533 | 0.loses9s |
| 020 | 072757139 | ollsssase | 0.6 | 05406197 | ol101710 |
o022 | 07125211 | olia7rase | 1lo0 | olsasazes | ol1002729
0.2¢ | 0.6%E87S | 011861940 | 1.10 | 0.532148 | 0.0936062
| 0.26 | o0l@s1z5 | 0.1842043 | 1.20 | 0529360 | 0.077080
| 028 | o67s2ész | 0.1s18807 | 130 | os2ses67 | 0lcs2aees
030 | o.e6ao7il | olmomsL | 1.0 | 05238957 | 0.07177759
032 | olessseas | 011765929 | 1.50 | 0.52l0132 | 0.073s641
| 03¢ | olssessso | 01731580 | 160 | olsiemssz | 0.0sare2s
| 036 | 06390200 | 001708575 | 170 | 0.5170885 | 0l0s3173
| 038 | o3 | olereaes | 180 | olsississ | o0.0631sle
030 | 0.6205763 | 011643840 | 1150 [ 05141501 | 0.0603170
0.42 | 0.6167392 | 01162055 | 2.00 | 05128548 | 0.0876913
| 0.4 | 06129575 | 0l1s91843 | 2110 | o0ls1ig0z | o.0ss2762 |
046 | 0.607s873 | 01562809 | 2.20 | 05108717 | o0.0530482
48 | olGozss2l | 011534740 | 2.30 | 0.5100443 | 0.0509871
0.5 | 0.5973361 | 01507085 | 2.20 | 03084088 | 0.0¢30750
052 | 05035896 | 01480019 | 2.50 | 05087440 | o0.0e72989
| o5 | osasszsa | ollas3ser | 300 | olsoserss | o0.0¢00035
| 0.5 | osesrz0s | o.l427esz | 400 | 0.5036709 | 00304861
| o5 | olsea1szz | 0l1402450 | sio0 | 03023973 | o0.0245086 |
| 0.60 | os7e0i6 | 0:1377852 | 10,00 | 0.5008178 | o.01ca467 |
| o2 0.5756512 0.1353885 | = 0.5000000 0 |
| |
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