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Recently we have developed a stabilized characteristics finite element scheme for
the Navier-Stokes equations. It is a combined scheme with the characteristics method and a pressure-stabil
ization method. The matrix of the derived system of linear equations is symmetric and a cheap P1/P1 elemen
t is employed. The scheme is, therefore, efficient especially three-dimensional problems.

Stability and convergence of the scheme have been proved. The error estimates are optimal. Consequently, t
he scheme has mathematical reliability in addition to the computational advantages.

Some other numerical and theoretical results related to the characteristics method have been obtained in t
his research period.



Reynolds
L2
Reynolds

dt

0(dt+h)
P1/P1
Navier-Stokes

Oseen

Navier-Stokes
Navier-Stokes

O
dt <ch¥ ¢ d
(i) dt  h
Navier-Stokes
H1
L2 o(dt+h)
(D
(i)

() Navier-Stokes

Navier-Stokes
0(dt+h) dt h

L2

[Suli 1988,Numerische Mathematik]

P1

dt
Crank-Nicolson

L2

Oseen

Oseen
Navier-Stokes Navier-Stokes




10
, , Oseen
Navier-Stokes

H. Notsu, M. Tabata, An application of a
pressure-stabilized characteristics finite
element scheme to the linear stability
analysis of flows past a circular cylinder,
Kyoto University RIMS Kokyuroku,
, Vol.1875, 2013, pp.109-116
H. Notsu, H. Rui, M. Tabata,
Development and L2-analysis of a
characteristics finite difference scheme of
second order in time for
convection-diffusion problems. Journal of
Algorithms & Computational Technology,
, Vol.7, No.3, 2013, pp.343-380
DOI: 10.1260/1748-3018.7.3.343
M. Ogino, A. Takei, H. Notsu, S. Sugimoto,
S. Yoshimura, Finite element analysis of
high frequency electromagnetic fields using
a domain decomposition method based on
the COCR method, Theoretical and
Applied Mechanics Japan, , Vol.61,
2013, pp.173-181
DOI: 10.11345/nctam.61.173
H. Notsu, D. Ueyama and M. Yamaguchi.
A self-organized mesh generator using
pattern formation in a reaction-diffusion
system, Applied Mathematics Letters,
, Vol.26, 2013, pp.201-206
DOI: 10.1016/j.aml.2012.08.012.

, Vol.22, No.3, 2012,
pp.171-179
http://ci.nii.ac.jp/els/110009518458.pdf?
id=ART0009976427&type=pdf&lang=en&h
ost=cinii&order_no=&ppv_type=0&lang_sw=
&no=1402852366&cp=
M. Kimura, H. Notsu, A mathematical
model of fracture phenomena on a
spring-block system, Kyoto University
RIMS Kokyuroku, , Vol.1848,
2013, pp.171-186

L2 ,

10.

, , Vol.1791, 2012
pp.151-157
H. Notsu, Analysis of a pressure-stabilized
characteristics finite element scheme for
linearized Navier-Stokes equations, Kyoto
University RIMS Kokyuroku, .
Vol.1782, 2012, pp.51-61

, , 2012
pp.57-74

45

H. Notsu, Development of a stabilized

characteristics finite element scheme for
the Navier-Stokes equations in a
time-dependent domain, Advances in
Computational Fluid-Structure Interaction
and Flow Simulation (AFSI 2014), March 19,
2014, Waseda University, Tokyo, Japan
(invited)

Top Runners’
Lecture Collection of Science 10

2014 3 10

H. Notsu, A stabilized characteristics finite
element scheme for the Navier-Stokes
equations -theory and computations, IRTG
1529 seminar, February 4, 2014. Technical
University Darmstadt, Darmstadt,
Germany (invited)
H. Notsu, P1/P1-stabilized characteristics
finite element schemes for flow problems,
Winter Seminar and Klausurtagung “Fluids
and Snow”, January 27, 2014, Chalet
Giersch, La Clusaz, France (invited)

, Navier-Stokes

3 , 27
2013 12 19

H. Notsu, Development of a
pressure-stabilized characteristics finite
element scheme for flow problems with
moving domains, 5th Asia Pacific Congress
on Computational Mechanics & 4th
International Symposium on Computational
Mechanics (APCOM2013), December 11,
2013. InterContinental Hotel, Singapore

SMART 2013 11 15

2013 10 18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

, RIMS
2013 10
17
H. Notsu, M. Tabata, Error estimates of
pressure-stabilized characteristics finite
element schemes for flow problems,
CoMF0S13 (Continuum Mechanics
Focusing on Singularities 2013), Oct. 12,
2013. Kanazawa University, Kanazawa
(invited)
, Navier-Stokes

2013 9

2013
27
, Navier-Stokes
2013 2013 9 11
I 2013 8 2
L2 , 18
2013 6 21
, Oseen
, 18
2013 6 19
2013 1 2013 5
8
2013 4 23

H. Notsu, H. Rui and M. Tabata, Discrete
L2 analysis of characteristics finite
difference schemes of second order in time
for convection-diffusion problems,
Advances in Computational Mechanics,
Feb. 26, 2013, San Diego, California, USA
(invited)

H. Notsu, Error estimates of a
pressure-stabilized characteristics finite
element scheme for the Oseen equations,
RIMS Workshop: Mathematical Analysis of
Incompressible Flow, Feb. 6, 2013. RIMS,
Kyoto University, Kyoto (invited)

2013 1 21 ,

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

H. Rui ,
L2 , 26
2012 12 19
, Oseen
, 2012
2012 9 21

H. Notsu, Characteristics finite element
and difference schemes for flow problems,
Workshop on Modeling, optimization and
simulation of complex fluid flow, June 21,
2012, Technical University Darmstadt,
Darmstadt, Germany (invited)

H. Notsu, Analysis of characteristics finite
difference schemes for convection-diffusion
problems, The 5th Japanese-German
International Workshop on Mathematical
Fluid Dynamics, June 11, 2012, Waseda
University, Tokyo, Japan (invited)

, 2012
2012 3 29

H. Notsu, A development of a
self-replicating mesh generator. CREST
Workshop: Recent Developments of Mesh
Generation and Biofluids, March 19, 2012,
The University of Tokyo, Tokyo, Japan
(invited)

L2 - =
2012 2012 3 8 ,

H. Notsu, Pressure-stabilized
characteristics finite element schemes for
flow problems and their two and three
dimensional computations, ESF-JSPS
Frontier Science Conference Series for
Young Researchers, Mathematics for
Innovation: Large and Complex Systems,
March 1, 2012. The Four Seasons Hotel
Tokyo at Chinzan-so,Tokyo, Japan

H. Notsu. Numerical computations by
schemes based on the method of
characteristics. Mini-Workshop on Fluid
Dynamics, January 31, 2012. Technical
University Darmstadt, Darmstadt,
Germany (invited)

, 2012 1

18
H. Notsu, H. Rui, M. Tabata, A discrete L2
analysis of a characteristics finite difference
scheme of second order in time for
convection-diffusion problems,



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

International Conference on Numerical
Analysis and Optimization -Theory and
Applications, December 19, 2011, King
Fahd University of Petroleum and Minerals,
Dhahran, Kingdom of Saudi Arabia
L2 -

-, 2011 12

8
H. Notsu and M. Tabata, A
pressure-stabilized characteristics finite
element scheme for the Navier-Stokes
equations and its application to a thermal
convection problem, SIAM Conference on
Analysis of Partial Differential Equations,
November 14, 2011, San Diego Marriott
Mission Valley, San Diego, California, USA
L2 RIMS

2011 10 27

H. Notsu and M. Kimura. A spring-block
system based on the P1-finite element
method and an application to crack
propagation modeling, CoMFoS11
(Continuum Mechanics Focusing on
Singularity 2011), October 9, 2011,
Hiroshima Kokusai Gakuin University,
Hiroshima (invited)

2011 2011 10
1
, L2
2011
2011 9 16
2011 9 4
, L2
2011 8 5
2011 7 8

H. Notsu, Numerical schemes for flow
problems based on the method of
characteristics Kyoto University RIMS
Workshop July 7, 2011 Kyoto University,
Kyoto (invited)

, L2 -

GCOE teatime seminar 2011 7 5

H. Notsu, M. Yamaguchi and D. Ueyama, A
mesh generator using a self-replicating

44,

45,

system, The 7th East Asia SIAM
Conference, June 29, 2011. Waseda
University, Kitakyushu
, Navier-Stokes
2

2011 5 27

2011

http://scheme_hn/

¢y

NOTSU, Hirofumi

00588783



