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Abstract
The design of airplane wing for improving flight performance by using computer programming simulation
of airplane wing and interesting in aeroelastic phenomena. The aeroelastic phenomena simulation can
separated by the result of aerodynamics force modeling into two categories are Doublet Lattice Method,
DLM and Vortex Lattice Method, VLM. ZAERO and MSC/NASTRAN are commercial softwares that base
on both methods. The softwares are popular and expensive. Therefore, it has a few authors studied in this
field. To resolve the problem, the developing aeroelastic program that has accuracy seem like the
commercial softwares. Hence, the objectives of this research to compare the programs i.e. ZAERO with the
DLM and the discrete-time unsteady vortex ring method in two airplane constructed wing models using
flutter speed parameter. The result of study is the developed programs has accuracy seem like the

commercial software but used in large quantity of panel elements.
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Mach no. Program aldee 2

5x6 7x6 9x6

ZAERO 99.827 | 121.842 | 129.195
0.3 DLM 205.1 202 191.4
discrete-time UVR 215 170 160

ZAERO 117.754 | 152.283 | 150.687
0.5 DLM 205.1 202 191.4
discrete-time UVR 215 170 160

ZAERO 139.492 | 138.660 | 138.495
0.7 DLM 205.1 202 1914
discrete-time UVR 215 170 160
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Mach no. Program NCh - Nsp
5x6 7x6 9x6
ZAERO 334.570 | 325.572 | 327.968
0.3 DLM 3411 351.2 368.9
discrete-time UVR 460 177.7 335
ZAERO 319.924 | 307.103 | 311.488
0.5 DLM 341.1 351.2 368.9
discrete-time UVR 460 177.7 335
ZAERO 310.373 | 330.049 | 333.092
* 07 DM 341.1 351.2 368.9
discrete-time UVR 460 177.7 335
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Mach no. Program NCh B Nsp

5x6 7x6 9x6
DLM 105.46 | 65.79 48.15
0.3 discrete-ime UVR | 11537 | 39.52 | 23.84
DLM 7418 | 3265 27.02

0.5 discrete-time UVR | 82 58 11.63 6.18
DLM 47.03 | 4568 38.20
07 discrete-ime UVR | 54 13 22.60 15.53
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DLM 6.62 14.36 18.43
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] =3 -
4. wanmInadauilIsumsuanasinizne
« a Y &
anuiInszief ldnnllsunsunssuaanso
UWLHINTURAINABDN TN 2 uUY AD WUDWIN
Tusunsy DM uazlisunsu ZAERO uamaglu
A o P o

3UnsN V-g usz V-f TIUEINIIUN 4 upunaay

Tsunsy discrete-time unsteady vertex ring WA

110

a;Ji'lugﬂnﬁwuammm&'uw"ufszm'wfi'uamz
o @ o e
URZAULSD uam'lﬂmgﬂn 5
d ar w ¢ g
AMNATNN 3.4-3.9 UFAIANUTUAUIISHIN
a a ° - J »
ANAVUALRSTIWIBINIURLOALNUANUNARAD
ANMULIINTTNE TBILLUIIRDI A Uay B &w1sn
> a v o ‘:
sahiludedunale doit
' & o ade o
1. eenuiingansmuwinlaannlysunsy
ZAERO
et
Pmuznen 2

P s v o,
Fsuuasauaiaslannirue
Tusunsuanuisinsznesli'le

A a o
uRsuudasauadiavig

V-g for the First 5 modes

Velocity(m/sec)

gﬂﬁl 4 (n) n7A V-g va9lusunsy DLM uaz
ZAERO

V-f for the First S modes

frequency(rad/sec)

Velocity(m/sec)

gﬂﬁ' 4 (1) n5W V-f 729l13Uns8 DLM uae
ZAERO



‘J [ o ¢ . ’
Eﬂn 5 NTINLAAINNMNTFUNUDIZTAINANANIZURE
AnuTealusunsy discrete-time unsteady

vertex ring

2. PIWIUNUBLDRLUUAV=TNRADNAMS
wpauinsznavsni3 lusunsy lapiaws
Tusunsu discrete-time unsteady vertex ring 9z

: P e o« A a
niasuulasmamsrimsanuiinRengs
A )
warnunulysunsy oM Taslusunsy DLM 98
a “ P
HANIYITWIBATINTEAN LU R DU RITEIRIIN
-
Tapflusunsy ZAERO M sUapuudsnans
rwsauiinsziedige

3. AinmaIpunsusIa NI INIEN V89

ne 3 ldsunswazwuinlusunsy  discrete-time
oo a
unsteady vertex ring Yﬁ’lu’mlaawuvﬁwmagaqa
wliamaimsanuiingdlndifsanu
- P
lsunsy  ZAERO nnfige  laviisaoazau
A P °
aaanfRawiu 0.57 N 0.7 Mach luuuusaas B
5. a3
- ' o W o o J
AMNEIMIANIINU I [Usunsuf larinsasistu
113 DLM uaz discrete-time unsteady vertex ring
[ . - - 4'
Tnalunsiwnsenuiinszienine 15 ldlasa:
o« ° P J’ A LA o (2 J
Twuamsviwenadsduiel o faudinuan
MUY lapi5ms  discrete-time  unsteady
Y P '
vertex ring  alRHamvwisnanldsunsy
Ao a '3 vd & '3
DLM  MMuaRUUAWUAEY  udiiafiumd
° % 2 P
a9 lsunsy DM asliuamaiwod
-~ ¥ «~ ° J v ! \d
anindadunalvmunsosilusunsufasrsaulule

111

a (3

Sareinsaanuuulansasdneiasiulas
sikianngnisaiualsdaadnlade
6. LONF1ID DI

[1] Bisplinghoff, R.L., Ashley, H., and Halfmas,
R.L.,, Aeroelasticity, Addison-Wesley,
Reading,Mass.
[2] Uthit 1., and Sujin B., 2006. Aeroelastic
Analysis of and Aircraft Wing Structure-the Use of
a Discrete-Time Model. 20th ME-NETT, Khon
Kaen, Thailand.
[3] Albano, E., and Rodden, W. P., 1969. A
Doublet-Lattice Method for Calculating Lift
Distributions on Oscillating Surfaces in Subsonic
Flows. AIAA J., Vol. 7,pp. 279-285.
[4] Rodden, W. P., Giesing, J. P., and Kalman, T.
P.,1972. Refinement of the Nonplanar Aspects of
the Subsonic Doublet-Lattice Lifting Surface
Method. J. Aircraft, Vol. 9, pp. 69-73.
[5] ZAERO Theoretical Manual-Version 8.3.
[6] Hall, K.C., 1994. Eigenanalysis of Unsteady
Flows About Airfoils, Cascades, and Wings. AIAA,
Vol.32 No.12, pp.2426-2432.
[7] Lee, H.T. and Lroo, I.M., and Bieniawski, S.
2002. Flutter Suppression for High aspect Ratio
Flexible Wings Using Microflaps. Paper presented
at the Conference on AIAA , Standford University.
[8] Katz, J. and Plokin, A., 1991. Low-Speed

Aerodynamics from Wing Theory to Panel

Methods. Singapore: MCgraw-Hill.







