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Three-Dimentional Circular Pipe Flow Analysis with Bends by IGA
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This paper presents an application of IGA with NURBS functions to a three-dimensional circular pipe based
on incompressive Navier-Stokes flow. For the discretization method, a stabilized finite element method
based on the SUPG/PSPG method is applied for the spatial direction, and a second-order NURBS function
is employed for the interpolation function. The Crank-Nicolson method is applied for the time direction.

The validity and effectiveness of IGA is investigated.

Key Words : Isogeometric Analysis, NURBS, Incompressible Viscous Flow, Navier-Stokes Equation
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Optimizing the orders of basis functions for S-version Isogeometric Analysis
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Recently, Isogeometric Analysis (IGA) using Non-Uniform Rational B-Splines (NURBS) as basis functions
has been proposed for high-precision numerical analysis methodology that may replace the Finite Element
Method (FEM). IGA can accurately represent surfaces of a body, thereby eliminating geometry errors and
the order of the basis functions can be freely changed. S-version Isogeometric Analysis (S-IGA) that was
proposed by the present authors is an analogue of S-version Finite Element Method (S-FEM), a multiscale
analysis method that enables flexible modeling and high accuracy in FEM, of IGA. The S-IGA scheme uses
global patches to represent entire structure and local patches for details such as notches, holes, cracks, etc.
The cost of modeling can significantly be reduced by using local patches to represent such local features.
However, the influences of the combination of the order of the basis functions of the global and local patches
has not been studied. Hence, such influences have been investigated in this research. The findings are
as follows. In S-IGA analysis, the highly accurate solutions can be obtained when the high order basis
functions are adopted for both the global and local patches. When the orders of the basis functions of the
global patches and the local patches are different, it was found in this investigation that the order of the
global patches affects the accuracy more than that of the local patch due to integration errors. For example,
a combination of 3rd order for the global patch and 2nd order for the local patch resulted excellent accuracy.
It was also found that the ratio of the size of the local patch to the element size of the global patch should be
carefully set.

Key Words : Isogeometric Analysis (IGA), S-IGA, S-version Finite Element Method (S-FEM), NURBS

1. #5 T AT 7 VA BIC BRI IR 000 % [4]. S 51T,
o ~EfiR N EA BByl Ly N g
MRS 2 3ET S 2B, CAD (Computer Aided %{ﬁ%;i@fﬁ;?i ;ﬁgzwgéfl# ?;J%)I{i:%ii ¥
Design) 2 VWCHIEFLEERLBEHE NS, 0 =7 : e o AR Y
. R ; . P alED X 51T, MESRE AW ETE 7 L TR
CAD Téliﬁkéhfc VAU %T/Li))%ﬁgﬁgi(f (Fl' L %O)}gjiﬂf%i;ﬂ;ﬂﬂz;ﬂ(%ﬁfﬁLf’ﬁ@*ﬁ‘:& f}l/%jﬁzjb‘
nite Element Method, FEM) f#tfr€ 7 L2 E L, it 2 ’,\7]1/_7_7\ b“—jl/ﬁ?p’*}'/’rfﬁﬁbﬂf 3:7, < LT R e
215 WS NS —RINTH B, L L, ARESRE A s - PSS -
,j e A T ARFT T, EHRPMTLE Vo ZRFTIR E 2RO fF
fEATET IV Uy RETLOELTH D, MRz T BTN T 5 2 b . 8= b o
BT RBITE RV EDAREENEL 5. ZOME v = s 7 (e

EWITE 5 AIEE LT, MHEEH ST ik e T DFHERC S EATEL 5.
{2 Hughes & [12] QX o TIREEXNZTA VY IA X b
Vv Zf#KT (Isogeometric Analysis, IGA) 735 5. IGA
fEHTTIX CAD LRI UERMERBITH 5, JF—HAEHB
A 72 4 > (Non-Uniform Rational B-Spline, NURBS)
B3] ZHWVTWS 7%, CADICLEY Yy REFILE N ol
WEMBCHRET 2N TES. X512, IGA @t I
TIREEE#MOXRMZ BEICRIET 22T, & cApmocl
ROBEEEEBE WS 2 2T, MBHTREEOM 23R

TZ 5.

BV R RGTT 208, BEBEIEE 2T 22X, &
e EHRAS 5 FTREER LR THS. LrL, H El-1 Conversion from CAD model to FEM and IGA model.
B E AR ARSE O KRB 2 SV O FEMIZIRE THI L

IGA model

© —RHEEABXFEI¥S - D-03-03 -



D-03-03

Overlay

—

h
A

[
\

Local patch

Global patch
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-4 Overlaying Global patch and Local patch in S-IGA.
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-5 Analytical model of plate with a circular hole and ref-
erence solution analysis.

5%-1 Details of reference solution analysis.

arvho—RA U M BExy | BEHK
patch 1 500 x 500 247009
patch 2 500 x 500 247009
patch 3 500 x 1000 495509
total 999000 989527
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-6 Global and Local patch boundary line and an example
of element division.
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fEtrisRo—FlZX 7 1R, £z, BHERCHE
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2—A Ry FERL, K BFEEERBO RS
ZNE

X-7 An example of o, result, Order(glo3, loc3).
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-8 Displacement norm convergence.
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-9 Energy norm convergence.
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BJ-10 Global and Local patch boundary line and an example
of element division.

TS RO—H2X 11 12177, £72, HHEREH
FARZOBFREX 12, 13 1TR7.

X-11 An example of o, result, Order(glo3, loc3).
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X-12 Displacement norm convergence.
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[X-13 Energy norm convergence.

4. 5
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