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STUDY ON THE SPLITTING ALGORITHMSOF THE INCOMPRESSIBLE NAVIER-STOKES EQUATIONS
USING P1P1/P2P1 FINITE ELEMENT FORMULATION

Myung H.. Cho, Hyoung G. Choi, Jung Y. Yoo and Jae L Park

Splitting algorithms of the incompressible Navier-Stokes equations using PIP1/P2P1 finite element formulation are
newly proposed. PIP1 formulation allocates velocity and pressure at the same nodes, while P2P1 formulation allocates
pressure only at the vertex nodes and velocity at both the vertex and mid nodes.For comparison of the elapsed time and
accuracy of the two methods, they have been applied to the well-known benchmark problems. The three cases chosen are the
two-dimensional steady and unsteady flows around a fixed cylinder, decaying vortex, and impinging slot jet. It is shown that
the proposed P2P1 semi-splitting method performs better than the conventional PIP1 splitting method in terms of both

accuracy and computation time.
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QA Al Z A (Pressure boundary condition)
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(a) P2P1 element (b) P1P1 element
Fig. 1 The velocity-pressure elements used
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Fig. 2 Nonuniform grid system and the boundary conditions for the
flow behind a circular cylinder.

Table. 1 CPU time for the flow past a circular cylinder

Method CPU Time (second)
P2P1 Semi-splitting FEM 5200
P1P1 Splitting FEM 10420
P2P1 Integrated FEM 78600
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Fig. 3 Temporal evolution of the velocity at a point behind a circular
cylinder.

Table. 2 Comparison of the present results with others for the flow

past a circular cylinder.

Reference Method St
Present study P2P1 (13826 nodes) 0.163
Present study P1P1 (13826 nodes) 0.161

Williamson [13] 0.164
Braza et al. [14] FVM (13530 grid points) 0.160
Karniadakis et al. [15] | Spectral element method 0.179
Kwon and Choi [16] FDM (321x321) 0.165

Table. 2 2} 7|YES] 2EESE vlug ol ¥ 7]
Bo] AnE Az d7Q Williamson[13]9] A7} ¢ 7|&9)
X AAE(14,1516)3 vlw3}gen] P2Plo] PIPle] H]3

111l 2 EHY 121

2xlagt]|

Williamsone] A} o] 2 YAz UL B £+ Aok

3.2 #2257 (Decaying Vortex)
o] Ao thiat o] 37t Held 23 HIAY frE
of dial F 7YEY T AFEE v EFck(1T]

. » —. 2
u(x,y,1)=—coswx-sinzwy-e 2"

v(x,y,t) =sinzx-cosmy-e " '*

p(x,,t) = =0.25(cos 27x + cos 2xy)e =/ (12)

Re = UL~ = 1009, 94714 Us} L& 47 7] Hogx
o} o7 Alola, AN FHL .12 = (x, y) = 12 °]
th17] 27]) $EE2 JHET P AAZAL 4 (12)94
o o] IHE ol8dt] FH & glew, T ¥xd F
Z} 100, 400, 900, 2500, 10000779] 32}8 &A% 7[X)3 A4t
& Y3}t

2 AYEE Al QA AR A 9%s
Axsketazt AL A vlE) 53 A FA
tht = 0.001){17]. F 7Yl el Hx =718 WA
7FA 2ake 2RFgo2H T3 AYEe 71878 T
on, 1 A3k Fig 49 Zoh o] I AR uhel 7o
PIPIRAE AMEY ZA%E 33 3 AYRE /HEE Y
4= g on[18], PIP1E ¢f 23} 27k FYRE HYth o|&
BN S5 dia] 23 B AHESHE P2Plo] 13} BIMS
AH83hE PIPIY) vl o RA&F e 78 F ASS Y
et

10 L] i il i
Wk ——e— PPl -
2 ~ -2 — PIP! E
B\
= RbY
£ 0 _-\\ -
e zh
E AT
10 A -t
é \
=
3
\
[l 3 1 -
- PSR uTTT | FERaeT | i it e Il PR AR RET!
W 10* 10’ 10 10° 10

Square root of the number of nodes

Fig. 4 Maximum errors inu at t =0.3 (=0.001).



122 N2 EBY

g

[#x2d1 [
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Fig. 4 Flow region considered for the impinging jet problem.
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Table. 3 CPU time for each fractional step in a time step with 201x101

mesh
Fractional Method
step P1P1 splitting FEM | P2P1 semi-splitting FEM
1 st step 045 045
2nd step 0.11 0.11
3rd step 1.12 0.32
4th step 0.12 .
Total 1.8 09
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(b) Parabolic inl..et velocity profile

Fig. 5 Nu distribution for uniform and parabolic inlet velocity profiles
at the nozzle exit.
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