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The effect of fluid column pressure on the natural frequencies of an annular
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In this study, the effect of fluid dynamic pressure on the linear vibrations of annular sector plate made of
Functionally Graded Material (FGM) is investigated. Analysis of the plate is based on First-order Shear
Deformation Plate Theory (FSDT) with consideration of rotational inertial effects and transverse shear
stresses. The governing equations of motion of the plate are derived by considering the kinetic and potential
energies and using the Hamilton’s principle. Also, the pressure applied from the fluid to the plate is
determined by solving the velocity potential function of the fluid and the velocity equality at the contact
surface of the fluid and the sector in terms of vertical displacement of the sector. The shape of the studied
plate modes is based on satisfying the boundary conditions of the plate. By placing hypothetical modes,
harmonic responses and using the Galerkin method, the governing equation have become the characteristic
equation and the natural frequency is obtained. Furthermore, the numerical results are presented for a
sample plate and the effect of different parameters such as sector angle, boundary conditions, fluid density,
and fluid height is investigated. Finally, the obtained results are validated without considering the fluid with
previous researches, and in case of contact with the fluid with finite element model (ANSY'S software).
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Fig. 1 Schematic of annular sector plate in contact with fluid with
coordinate convection.
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Table 1 Comparison of dimensionless linear frequency for boundary

conditions SSCC, @ = wh\/(1 +v)(1 — 2v)p./E.(1 —v) (h/a = 0.1)

a a/b p=1 p=2 p=3 p=4 p=5
[21] 0.0663 0.0622 0.0566 0.0505 0.0446
0.1 [18] 0.0664 0.0625 0.0571 0.0510 0.0451
195° Present 0.0661 0.0621 0.0562 0.0503 0.0444
[21] 0.1041 0.0980 0.0895 0.0801 0.0710
0.3 [18] 0.1046 0.0989 0.0908 0.0815 0.0723
Present 0.1039 0.0978 0.0893 0.0799 0.0708
[21] 0.0659 0.06195 0.0563 0.0502 0.0443
0.1 [18] 0.0659 0.06204 0.0566 0.0506 0.0447
. Present 0.0656 0.0617 0.0559 0.0501 0.0439
210 [21] 0.1039 0.0978 0.0892 0.0799 0.0708
0.3 [18] 0.1043 0.0986 0.0905 0.0812 0.0720
Present 0.1036 0.0976 0.0889 0.0796 0.0705

b wles 5o (ol Slge I 55 g9l glhd 5l dm g lS 3 gy anlie 2 Jgur
Q= (wb?/W)12p,(1 —=v2)/Ep,hjc =5 CCSS (555 Lalpsd lp Jlw

0.05,a/b=0.5,p¢/p; =01, H/h =1,a = 240°,p =1
Table 2 Comparison of five dimensionless frequencies of FGM annular
sector plates in contact with fluid for boundary conditions Q=

(wb*/M)\12pm(1 = V) [Em, h/c = 0.05,a/b = 0.5, ps/p, = 0.1, H/h =
lLa=240"p=1

Method  Q, Q, Q, Q, Q.
Present 46619 1362671 2859.281 15784592 15818.997
FEM 47823 1362.981 2859.567 15784.813 15819.316
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Fig. 3 The effect of angle change on linear dimensionless natural

frequency in boundary conditions SSSC (H/h =1,a/b = 0.5,h/c =
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