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Two-dimensional incompressible linear elasticity analysis by
finite volume method

LIUQi, MING Ping-Jian, ZHANG Wen-Ping
(College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: A novel two-dimensional finite volume procedure is described in detail for the analysis of in-
compressible linear elastic body, the volume conservation for each volume form a constrain equation is
added to governing equation of linear elastic body, the procedure of discretize governing equations using
bi-linear quadrilateral elements is given in detail. The discrete equation contains displacement and hydro-
static pressure as unknown variable, and the hydrostatic pressure is storied at the center of the element
and assumed to be constant within each element. The developed procedure is tested on two linear elastic
plane strain benchmark problems of impressible material, and then compared with analytical results. In
addition, no locking problem is encountered as the Poisson’s ratio equal to 0. 5 which is a common prob-
lem in finite element method (FEM), the simulation results show that this finite volume method (FVM)
can obtain an accurate and stable numerical solution under mesh refinement.
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Fig.1 Sketch map of grid and control volume



% 48

X H, F R RTEMH LR FRARAR &6 R 797

R 07 A 2 3k LA A % 5 2 3 A 3 s il O A X
15

(G
x J7In)

e (222 o) (22 22—
y J7 i

ﬂ;"x #C'?)Z §Z>+ny (Zpaler)dS:O

D)
S s n, A R ANE LR n 3y T
1953 it
P AT 6 L T A 4T 4 1 B8
ik o TN

4
Hrp N, JHITH /l\*ﬁﬁﬂ’ﬁf/@éﬂz, o N HAH
T AR Y AE Ui JE BT N BRI 3R A
XN
NGgop = T+ =g i = (1.2.3.0)
)
R &L, S U BT 6 1 JR) A
W 28D 7 A B ] 5 B (1) AT B 1
x J7
Ezﬂg" NU(“HdS +
A dx
2@ 1ws+z§ﬁg
i=1% i=1 j=
e (7
#[m, (W), N’ (v, } -
Z Z [Cko)y () + (kp)y (0D, ]+
i=1 j=1
> (k)P (10)
i=1
y J51A]
- aN,
22@ 2p 5y (v),;dS + Z;ﬂgn
J S S
ne 4
PdS + > Zﬂgnl
i=1 j=1%
IN.. .
,{ 71\; W)y + aIU (v); }dS -
ne 4
DIk () + (kg )y (0)y ]+
=1 j=1
D (k)P (11)

Hodr, X R A& B ko) (B s
(koy)inChy), 35K ﬁ%z

(kyu )ij N (k‘w )ij N

_ aNU aNrj
ko), 3?(71 L Jas
_ IN;
(> =+ 220dS
S
IN,
(kyu)ij :ﬂg”.( Ay Jvy dS

IN, IN,
(kw)i,f f(ny * 2/1 ay +7’l‘l. M >dS

dx
= ﬂgn‘,dS
S

(k) :3913,613 (12)
S

A A0 A ne LR8Ny JE Y 2E oo
BB FRR RN RS A IBIT, %R
ARG AN IEBRIT NS A

XA T TR 2 5 A2 (6) SR b 3A Oy s kAT B 1
R A B RGBSR BT N AR A A — B AR
POiAIE BoC AR oy (6= 059 = 0) I91H
AT I A ., KX (6) BN -

Z(/sw +Z(k Yo, =0 (13)
Hrfr (k,y, > k), E’Ji% KR -
by, = 2N
I Ce=0;9=0>
(kyy, = 2N (14)

Y ce—0i—0>
PR BUR U
u, = up WH I'p (15)
opny = ta HH Iy (16)
Horb s uy MAED R Ty b4 %€ 7 #8 (Dirichlet i1
st MEERH Dy b % %% N 77 (Neumann i1
CONN (S EUE YV oy S U Nz N s YR LR |
G155,
B R RS AR (10 . (D) Hr,
Wi

e A B U

K. K, K u F,
K, K, K,||v|=—|F, (17
K, K, 0 0
Hr F F, 5l E B0 R Ergsh i vy 5
] (4 53 .

VUL IE BT R WU Ve B T, A R IR

é{-



798 Wl K FROERAFF IR

%55 %

A7) R B ko) (B (B i
Ckop )i Cloy) LT DL 45 R oK fif

JaM
s dx

CIDFIN

nﬁdsv aaﬁ € {Iyy};j - {1523374}

a

(18)

DML M IE 1234 R, tnlEl 2 s, AB,

C.D 5l A& me b 2T, i1 12,23.34.41 iy

R ORBITH L sabeod 43 518 X Ja) 8 Ak b5

AT, #112.23.34.41 s, o HImEBALIRR T

Mg st sco RFEEHIR, nao B0 op 535
Ry i 30 B 0 B Ak S B

A}']
by 30e ) 4D e 3(L1)
d o b ¢

1¢1-D a 2(L-1

(a) (b)
A2 EEwaHBEi, ()EKLEEZ; (b) B3
A&

Fig. 2 Any quadrilateral elements in global and local
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Tab. 1 Comparisons of the strain and stress at the center of
the plate between the calculated and exact results
e X100 e, X100 Yy X106
CV-FVM 2.500 —2.500 0
G i it 2.5 —2.5 —5.4x10%
6./ MPa 6,y /MPa 7.y /MPa
CV-FVM 1. 000 0 0
W i 1.0 0 0
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Fig.4 Distributions of horizon displacement u in
plate and the unformed (solid line) and de-
formed mesh (dashed line)
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Fig. 5 Numerical errors of the hydrostatic pres-
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Tab. 2 Relative error of the radial displacement u, on the

inner surface of the tube,ased on different meshes
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Fig.9 (a) Numerical errors of the radial displacement
u, in the tube; (b) the unformed (solid line) and
deformed mesh (dashed line)
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