TOM TAT

Luén 4n d3 phat trién phuong phap bién nhiing két hop voi phuong phap tach
bién Proper Generalized Decomposition (PGD) dé giai cac bai toan tuwong tac ran-
long. Muc tiéu chinh caa luan an 1a phat trién mot phuong phap hiéu qua dé giai
quyét cac bai toan tuong tac ran-long bang. Trudce tién, phuong phap da dé xuat s
dung phuong phap bién nhing dé xu ly anh hudng cua vat can trong mién luu chat
bang cach thay thé anh huong cia vat can bang mot thanh phan lyc cudng bic tac
dong 1én mién luu chat, khi d6 mién tinh toan xem nhu chi cOn Mot mién luu chat
don nhat. Vi vy, qua trinh chia lugi s& don gian di rat nhiéu va khéng can phai thuc
hién lai sau mdi budc thoi gian ddi véi cac bai toan vat can c6 bién di chuyén trong
mién luu chat. Bén canh do, dé gia toc cho qua trinh tinh toan va tiét kiém bo nho
chuong trinh, phuong phap PGD dugc dé xuat dé giai cic phuong trinh vi phan dao
ham riéng. Phuong phap PGD giai quyét cac bai toan trén khong gian da chiéu dya
trén nguyén ly dua cac phuong trinh vi phan dao ham riéng da chiéu vé viéc giai cac

phuong trinh vi phan mét chiéu.

Luan 4n da dé xuat p dung phuong phap PGD dé giai cac phuong trinh vi
phan dao ham riéng trong khéng gian hai chiéu va ba chiéu. Tiép theo, phwong phap
PGD duoc dé xuat ap dung vao cac bai toan dong chay nhét khéng nén ¢ cac diéu
kién bién khac nhau. Sau cing, luan an da dé xuat viéc két hop phuong phéap bién
nhang két hop véi phuong phap PGD dé giai quyét cac bai toan dong chay nhét
khong nén dugc qua vat thé bién cing va bién dan hoi. Cac két qua tinh toan tir
phuong phap dé& xuat di cho thay su hiéu qua va mot huéng di day hta hen trong

viéc giai cac bai toan vé tuong tac ran long.



ABSTRACT

The thesis has developed the immersed boundary method (IBM) combined
with the separation method of Proper Generalized Decomposition (PGD) to solve
fluid-structure interaction problems. The primary goal of the thesis is to develop an
effective method to solve the problem of incompressible viscous flow past rigid and
elastic obstacles. Firstly, the method has proposed using IBM to handle the effect of
obstacles in the fluid domain by replacing the effect of obstacles by a forced force
component acting on the fluid domain, when that computational domain is
considered a single fluid domain. Therefore, the meshing process will be much
simpler and do not need to be repeated after every time step for problems with
boundary movement in the fluid domain. Besides, to accelerate the computational
process and save program memory, PGD method is proposed to solve the partial
differential equations. The PGD method solve multi-dimensional spatial problems
based on the principle of multi-dimensional partial differential equations on solving

one-way differential equations.

The thesis has proposed the application of PGD method to solve partial
differential equations in two-dimensional and three-dimensional space. Next, the
PGD method is proposed to apply to incompressible viscous fluid flow problems at
different boundary conditions. Finally, the dissertation proposes to combine the
IBM with PGD method to solve the incompressible viscous flow problems past
rigid and elastic obstacles. The results calculated from the proposed method have
shown effectiveness and a promising direction in solving problems of fluid-

structure interaction.
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Tom tit nhitng déng gop méi vé ly luan va hec thuit caa luan an:

Phat trién phuong phap PGD véi phuong phap sai phan hitu han dé giai quyét

cac bai toan phuong trinh vi phan dao ham riéng bac cao (phuong trinh Biharmonic,

phuong trinh Poisson) trong khong gian hai chiéu va ba chiéu.

Ung dung phuong phap PGD két hop voi phuong phap chiéu dé giai cac bai
toan dong chay nhat khdng nén véi cac diéu kién bién khac nhau.

Phat trién IBM cb dién cho bai toan dong chay nhét khdng nén qua vat thé
bién cang di chuyén.

Phat trién IBM két hop véi phuong phap tach bién PGD mé phong bai toan
dong chay nhat khéng nén qua vat thé bién cang dirng yén va di chuyen.

Phat trién IBM két hop véi phuong phép tach bién PGD md phong bai toan
dong chay nhét khdng nén qua vat thé bién dan hoi.
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Summary of theoretical and academic contribution of the dissertation:
Developing PGD method coupled with finite difference method to solve

higher order partial differential equations (Biharmonic equation, Poisson

equation) in two-dimensional and three-dimensional space.

Appling PGD method combined with projection method to solve

incompressible viscous fluid flow problems with different boundary conditions.

Developing classic IBM solve the problems of incompressible viscous fluid

flow past moving rigid bodies.

Developing IBM in conjunction with the PGD variable separation method

simulates the problem of incompressible viscous flow past moving rigid bodies.

Developing IBM combined with the PGD variable separation method to

simulate the problem of incompressible viscous flow past elastic boundary objects.
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