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Local linearization of finite element method for semi-inverse problem
of incompressible flow along S, stream surface

in axial-flow turbomachinery
LV Wenchao

(Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230026, China)

Abstract: The application of local linearization of finite element method (FEM) for the semi-inverse
problem of incompressible flow along S; stream surface in axial-flow turbomachinery was discussed.
Curved quadrilateral isoparametric elements with eight nodes were used to analyze the flow field for the
semi-inverse problem along S; stream surface in axial-flow turbomachinery through usual variational FEM.
Local linearization of FEM was also used to analyze this flow field. The computing result of local
linearization of FEM is the same as the usual variational FEM and in good agreement with the experimental
result. The computing time of local linearization of FEM is reduced compared with usual FEM, while the
required memory of local linearization of FEM increases compared with usual FEM. The computing process
shows good convergence properties.

Key words: local linearization; variational FEM; semi-inverse problem; S, stream surface; axial-flow

turbomachinery

W #s B #A:2013-06-20; 1 B B #:2014-12-20
TEET AT B OCsN, 55,1938 A Bl 82, W 7 1) S sh i EUE 5. E-amil: lvwe@uste. edu



410 T EAFHERKF FR

F 45 %

0 5l

TES BT BB b A PR T O R A 2
el ol F L BITE SR AR I AT 2 5 4 20 08 FE AN 2
TG A M1 5 SR 4R % L BIVKE A AN BT I R BORET
A R T 1) R 0 Sk SR A5 9 e s R e A B
W ELAT G B 0 LS 0 Lo I 2 B R A
B A AT B 1 4 8 5 b 3, ) g )
Sy g T MRS HLBR S, RIS, YT W R O R Y
A5y JEUHE . 4 O R SCHk (3T A 3L T T M
8 B T M 1 T e B 7 - S A e
I A8 % 5 o SR FE A 4 A7 B T 9 L X TR 45 S 0
AT ESHLY S, 1 T R RO BT T, Bk
SeL0) 3 T8 AR 4y A R TV L 6 LR R AT TR
I O (R I/ o T L B O el T
LS R ] KR A BB SR R e TR
TEHE LA A T 45 48 bR B0 0 D BT R B 1
PFEAE T LR AL AL BE 5B G T 2 T 3R B 7E 1A oL A
() T B B AT 6 T e
LR Ak AT TR 0. AR SC R BB R 0 SR 3 4k
A A BT 3% 16 SR 8 . o B0 AR 4L (3 T A ) 1 40
S TR L B — A B Tl R KUBIL R R I
(E B V8 o 2 1 0 1 4 Fp PR 22 L3 4k A 5 )
4 B TR AL A AT TR L T EL A R T 1 5
2 L 5 1 SR
1 HRAHEY S RESshAFREA

T DA% fHURE @ WE B 10 2 55 oh L B T R 45 5%
SS KUY S, T MO X 5E B S B 1R S
AT,

A

Jd(BroW,)

Tl

d(BroW,) _

. + p. 0 (D

&
oW, IW. _
dz dr

1 (PaS, W, oL oK

W. (Rp dr r dr dr TEAS @
%f: (Fu+ fOr (3
IW, W,
dz dr

~1(P IS, W,or IR 5

W, (Rp 9=z r dz 32+F1+f1 (4

AR
DRO _ &
Dt Dt
Gibbs 18 %
PDS_Dg @
Rp Dt Dt o

b

2,
fe

+7eW (5)

9 -
o

(6)
KA F R

P = Colexp(AS).Ti C= Py/gb  (7)
Vi A B S T e (v X T =0, )

Fo_ | F J d | F
F.r {Fur]ojL 5 dr F“r}d~ (85
A HAE R AKX
R’ :—k’zp+%(wbu2> = kmPTp (g
C.=W,+u 1o

A, m=1/Ck—1).
B AR S5 A AR AR SO SRR 2 S i Ao T
Sy AL 45 5E 3 AT
Cor = (&, W) an

446 2 1 R SR SR 30, 5 oh 0 2 0
S, M.
2 HRXHEN S AEF RGN
Loy RED
MO GIAFL PRI TCro D UTF

ér = BroW., (87 =— BroW, an
WO WE Ny
IW, IW.
dz ar
mP JS r Jrr IR ~
Br{ C. ﬁ+9[(# © Oy axp]}Jr F,

2"
Rof L Fo=(F+ £ /W. i L — T e v %
A& IE15 3.
R S, U T 2 R A Y B A R A
PSEUR T3 U | NP S I O S G [EAT - Y L

o] =0
oo [ls] (3] + (38
Brpg [wrz *?FJJr BrpR" —

BrCmp"exp( AS) — INT,\I’} drdz+



Fhim Xoer AL S, R F R AR 7T BR300 B 3R H TR Tk 411

%5
j (W), wds+ f(«p— TOW - ds (12)
a L h
A,
1 3‘1’
Brp on’

(BrpW) = ¥+ ‘I’Qer[Br‘o(F/r* wr) ],

T o— C exp(Aé) Brp" 9S .
" R (BrpW)* Jdz

v o do II'de
|:a Bro(T wr?) ] Ix 0y

(13)
3 ESAANEBERTEF

3.1 Lﬁﬁ’]ﬁl‘ﬁiiﬁ(l&(‘l’f’éﬁﬂ ;’2‘5)
%%mﬁ@l%m

A7
4
4 4 = 3
¥ 3
6 |8 o 6 %
2
1S 1 5 2

1 A\ REaHEST

Fig. 1 Quadrilateral isoparametric element with eight nodes
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Fig. 6 Comparison of three results downstream of rotor
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Tab.2 Stream functions of some nodes in the blade domain ¥ (unit: kg)
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