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Application of the parabolized stability equation in
curved surfaces boundary layers

LI Jia', LUO Ji-sheng”
(1. Department of Basic Teaching,
Tangshan University, Tangshan Hebei 063000, China;
2. School of Mechanical Engineering, Tianjin University, Tianjin 300072, China)

Abstract: In order to research the application of the parabolized stability equation in
curved surfaces boundary layers, three typical curved surface boundary layers of identical
curvature circle pipelines, identical curvature plates and NACA0012 wing were calculated.
Through calculation of the evolution of small amplitude disturbance waves, the results of the
parabolized stability equation were compared with the linear stability theory and numerical
simulation of disturbance equations. The consistency indicates the evolution and stability a-
nalysis of small amplitude disturbance waves could be studied by the parabolized stability e-
quation in curved surfaces boundary layers. For the evolution of finite amplitude disturbance
wave, the result by the parabolized stability equation is accordance with disturbance equa-
tions in linear stage. Using the parabolized stability equation, computational divergence will
appear in the strong nonlinear stage and the divergence position can be used as the transition

position.
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NACAO0012 wing; linear stability theory; disturbance equation

75 B #A :2014-07-26

EETH : MR E AT KRR (2009CB724103) 5 b4 H A BHE 3 4 (A2015105073) 5
JRE AL 2 B 19 BT 4 (tsxybe201305) 5 R L2 B It 2% 17 J T 15 5 90 % (tsxyzdsys020)

P2 B A0 2 % (1984 ) L WL R Lk =8 B DA S 0 9 B o T 7 5.



512 1 A RS A AR E P R A M T SR b e T 2977

Bt L s Tl Y T L R )R R RL
H A7 0 CHLARR ) 2 32 80 1 5% 0 ol O TE . 3
T30 B )2 02 ify 1w i )2 ROk B 5 T A2 Y
Uit B B W R R A R T A R LA A S
R . X A A2 C 56 UE A RS e
T (PSE) J5 ¥4 76 3t 3l Ak A1 7000 5% 45 457 & v 19 g
FAMY — B 0T o T B2 A P ARG R 3
SR TR T R T A B A A
25 2B ST P 2l T Ak 0 A 4 n] R R A A i S
(i) SRR kB 2% 350K PSE ik iz A3 il i
SRS L

Herbert,Bertolotti, Chang &7 $2 14 T F1
PSE Ko Hrdt sh i fk. th Tz 7 % & 174
AL RS A T AR /N TSR]
JE LR gz A sh A A T .
BT M B2 L Joslin 255 §F 5% T 4 i PSE i
M =4 Tollmien-Schlichting ( T-S) i 114 3 1k . 7.
TP B A B R ORI R Y % PR Esfahanian 4E
i | PSE J7 % — A = 4k T-S P Fl—xb = 4k )%
YL #EAT 1 AR PR 43 BT R 2 v AL T B T R 4R
AL, 15 5] 7 PSE 78 F ti il 2 v i ad .
Chang &M W58 T 0] R 45 it 8h JE 46t PSE (1 )
. ZHANG %12 i f] PSE BF 5T 1 88 7 3 AR
R R KRR 6 il 3 B2 Reibert 45
SER R SE T B L R O h kR R IR R T
A FRAEE A ] PSE 5 ik R 1H5A R R AR, 100 D0 A
I 1 Ak A S 56 45 R M AF 45, Haynes 8807 fif
FH PSE F:WF98 T 45° 301 NLF(2)-0415 F 7
(R R B T Arnal '™ 7E 1994 445 8] 1 2k 4
Fa s PEFR IS (LST) I Reibert 2575 1996 4F fif #8 52
B 45 BAFAE 1Y 22 5. 2008 4F, Atobe i i LST #f
FET 4 NACA0012 A FZM kR Fa . 15
BT oW KRE T Ctype WAk SR R HLH]. LI
AL A R AR A A AT I IR RS T RS
FLERET M R R R L ) o 2 4TS PSE
BB T RS T LB AR AT i FE R e 2k ()
. #5  FE 200 SR ] PSE 5 B0 AT TR 1) G B
K5 P FL I B Y A O A e AN R L R B 1
K001 9. &4 PSE BE i g Hh 5000 B 3h 1 e il
4 B R K R ATAE L PSE SR8, 25
R A B TR EEH.

AR SCRR X A il S I PR O Al AR R NA-
CA0012 FLAY 3 Fh # AU (4 flfy 0 3 4 2 47305
AT PSE BF5E T sl my ik, H 20 1 ik
PSE 7 $it A iy i 423 b iy & M [m] B oy 2

PSE J5 ik LTS A 28 i B RFT T 1 AL
1 HHEBFRENITEER

X T S )2 S R — i T A R A AR R
YT AT SR A TSR R K Ak bk AN ] 1
PR s O s8R IR s 0 v 2 S0 3R L 1) <
li] FUJ 18] 3 3 A7 [ia] 14938 E 70 50N wooswos LW Ly s
L. 5y 53R 3 A T5 i S K.

SR

Bl R

Fig. 1 Calculation model

H, . H,, Hy 05 3RR a5y 2 =45 [l 1
R0 dy M d e BE L5351 h

5 _ 9 g _LH. _ 9H,
T Hoaq YT H,  HHq’

dj = ddy;  (ajk=1.,2,3) (D
R dy RIEA I T ARA 2958 KA.

TEMF 58 3 B2 v B8 JE AR AL sy B B
bR I i e SN 1 S I N i e S S B e )
H =(x,y),.H,=H; =1, 8 ZEW d; RH d.,
Md,.

2 PSE R¥EFHZE

MTE AR N-S J5 F & K BRI 2 B s 0,
w MIES) p B REAR R Z AL AEH ULV,
W, P FRIEARG cusv.w, p Fon sl i, K B
I A N-S J7 B8 0 25 2 A 3t BT 3 A2 19 7 i A
GGEE R DR

7 P& B EE ST B i A 6] i A . R B
J2 I [71) 01 1] 1 30 39 i £

$(,y.z.1) =

M N
4 '(J’” (2)dat+8 =— N
2 : :Sﬁmn(l'ay)e‘ g G 2T Bxw,t +C. c
m=—M n=—N

(2)
Horb @, MBI Omn) BT AR BR B 5 i 9 B B s
) WL ) P HTR N w,, = mos JE& 17 I EL B, =
nfsw . B R FE AR AR A Ji 1] B TR IR R 2L

c. c /B I



2978 o = 3

530 %

B 22O B Sh J7 e L W L YL ) 2 By
FRCGARE) T PSE. #7%5 1E O T A R AR
R . itk Z J5 B9 PSE JE

1 (du .=\, d0 . - -
E((?‘TJrlau)Jr@erﬁerdmv—O
Ui i g ok L 2du 00
Re ay2+Kl 91’+K3 c7y+H1 Re 9z
1 ap do U )

H, 91‘+(K4+Re dy Udu)v#—

die 1 U e da s

<K2 + Re H1 dx de)u H]p B
1 ( Ju du du .
E(uax)+ (Uﬁy)+ <w92)+(uv)d12

1 9% dv dv 1 2d, du

Re ay2+K‘ 91’+K3 dy H, Re Jx

@ dlzz_ﬂ S
ay+ (KZ . Re dy )v
1 2 diz \-~
(K. =20 g S R i =
1 C

1 Jv Jo Jv -

i (5 )t (o5t (5] = Cwiod
1 9w Jw Jw -
R76. Qyz +K] TTJFKs aersz
1 oW- ow- . . 1 Jdw
ﬁ] ’ J.Tu Hyv mp = H, (u dx )+

Jw Iw
(” Jy >+ (u az> (3
Hrp
K — L 2l 1 di U
! H? Re H, Re H,
_dn _ 1 Ziady,
KS*R@ v K'liHl Re
e iU L ida
K, = tmw H, lnBW+HfRe<ldx a)
B e dn
Re Re H,

Mt (3) AT LU H PSE 4 5 A H1 k. u
(2sy)s0(xsy) swlaxsy) s plaxsy)sala) fHHEH 4
AT R A LSRR O RN A A
. 3 ML SR A 7 25 024 PSE 5 U T (976 24

L¢¢@@@ﬂ+u§g¢@@¢ﬂ:f
(@YD)
Ao £ Rt () AR ¥ SR L G0,
w. p) T =0 B E 2 A AR PR o (o) T
(O TR B 16 U A T A 6 RE A 0 B R I
W T2 0P AT R R e B M o T
Lo o707 24 3 3L A DB @ JO7 V2096 A2 4 H0 5 17 7 1 1%

—Fﬂﬁﬁl(ﬂiﬂ"]ﬁ‘@»ﬂ[ﬁ,ﬂﬂ Lo Eﬁﬁg av%:% Ll E
Z W TR R AR AT R4 A I e B g i R
B E=h L #iE.

3 HEERRSM

3.1 EHERARTEMNITE

T 5 I 1) S5 il 3R (5 2R 45 T8 3 3 . Hos B E
1.0 5Em 2 —dimsh, HhifE R Eh. H =1
+%JL=L%=L@Eﬁ@%EE§W%T

oy =0, s, 2=
dy dx
1

I IR g+ O M T

SRCRAE N RIETEWNS I BRI RNLZ )
AL R BN

w—— (R+ y)[Rln(R Ty

R A g R [ R

(R*l)zln(Rfl)*(R—Q—l)zln(R—Fl)}+

4

In(R—1) —In(R+1) . (R+1D*(R—1)?
4 R+ y

(5)

Horp R J& 0 41 it 322 42

XS il A2 A2 B A A 1F 5 R = 100,20, 10
(3 Bl B X IX 3 i fi D0 A9 A 3L o AT AR E 1k
ordr. 2 1 gy I A IR (R = oo) Ak L 3 Fh
15 B0 B T3 2 BRI R AL AL

F1 BERMEFHEREREENSH
Table 1 Parameters of channel flow and identical

curvature circle pipelines
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Table 2 Eigenvalue of two cases at entrance

R Re a, —a; B w

100 726  0.1143084 0.0027539  0.05 0.04
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Fig. 7 Neutral curve
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