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Effect of local hump on stability of ‘compressible boundary

layer-on flat plate
LI Hui**, HUANG Zhang-feng'"*
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School of Mechanical Engineeting, Tianjin University, Tianjin 300072, China)

Abstract: Diréct numerical simulation (DNS) method was performed on compressible
boundary layer onAflat plate with a local hump, and linear stability theory (LLST) was applied
to conduct the stability analysis based on the mean flow with Mach number of 4. 5. The in-
teractions between the disturbances with different frequencies and the local hump with vari-
ous heights were simulated by solving the perturbation equations, and the effect of local
hump on the stability was characterized by a transmission coefficient. The results show that,
the local hump affectes the mean flow locally when the height of the local hump is smaller
than 0. 2 times of the boundary layer thickness. Local hump destabilizes the disturbances
with frequency smaller than the most unstable disturbance frequency. and stabilizes the dis-
turbances with frequency larger than the most unstable disturbance frequency, wherein the
most unstable disturbance frequency is the frequency of the most unstable second modal dis-

turbance of the boundary layer on flat plate at the center position of the local hump.
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Transmission coefficient quantitatively describes the effect of local hump on the instability.

The local hump with height 0. 2 times of the boundary layer thickness enables the correction

of the N of e-N method 0.8, about 10% of N at the transition location, which can not be

neglected in the transition prediction process.
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Fig. 1 Sketch of computational domain

RSP AE R T 4E T R 48 N-S 7 R T 5

aU, IE, JF,  JEy JF,
Tt T T et @
2 Fdt
El a‘r 93} Evl
gpu=Ju, | =g =
! E-lypst) Hha
dx dy
Jx dy Jde (71] .
dx dy Je (71]

ABBR AR

PEATBAE TSI I TR R B A TVD(to-
tal variation diminishing) %¢ £ ) 34& 3 Bt
Runge-Kutta # 20, X i W 7E 4738 1t 70 25 % 1 5
By B WENO ( weighted ‘essentially, non-oscilla-
tory) 4% 2, B RE TR FT 6 B W0 B B0 0 A
LTRSS 15 ) A R SR AR i
1.2 EFARE

W <7 1 SRR A 5 B B 2 A IE
WA TG i S 1E A Z4E R R 45 N-S 5 #E
U2 BE A T, A5 B e 3h TR B AL TC i 495 4E B
T YEA] R AR LR B Oy

JU, | JE! | dF, JE. , IFy
o0 o Ty T e T o

BEAR U WG L N-S R HEAU B S5 sh i
RN AR N-S 7R, I 3 Oy #R 2 —Fh N-S
TR R & A 2, SR 0 3h 7 B i A2 2
Oy 4 DTN UL BT A EE . FEA DA ER
B R LST 18200 T-S 9, H 1AL R A H i
BEM, L RN p/: W=4=T=0, FihFH K
uW'=v'=09T"/dy=03p" /9 y=0. 4 3h 1k i 1 % Hb 5k
Apii/N 1~2 D AE L sh Iy ke 1
TETHE AL H o A8 o — A K — A/ A AR
FHEF T 588 B2 B A% B 0] 8. B fe) 3502k H 4 B
Runge-Kutta # 20, X i W 7E 1738 70 25 R H 5
200 XU 2 R R R 6 B e 22 20 A%

3

2 HESHRIER

TKEPUSHS Z I EE oo =0.01841
kg/m*, iR B T. =226.5 K, 8 W& pn =
1.475X107° Pa » s, 412 T30 kmm =5 b Z Al , R
TSR Ma= 4.5, X WA 5047 F5 5 40N Re=
1. 7X10° /m. AT A 1AL i B2 09 07 B HERS
JEBE & HRRIE K B VMt A2 B T AR K, H
FEAR P TAT M A AR SCHE I — N AR I BT AL
Y /INIE AR B AR S AT P G SR R . B 0=
2. 95 cm, HIGE ST 2L Re; =50 000.

FERE BT 40 AN TC 2 494K 5 0 A 5 0 i 4%
s, R & L4 0.0.005,0.01,
0.05,0. 1 F1 0.2 3 6 Fp T8¢, H 58 B 5 %A ™ i
(9 T8 Fe ANAR A I 1 I A 2 I 3 AN TE
WK,

2 25 T A% 52 AR I 1Y DA% 43 AL AR 3C
R O 120 NTE WK, 12014 41,
Shy A [ BE T A XS TIEE R 001, — A3 N
A ZE D304 IE TR 20 DT RN, L 221
AN O AR LR A% 1A IR 2 R R L A
100 A~ 5, BE [ AL £ /)N 8] BE 4 0. 000 5. 4% 3T X i
I | ] RS & T 1 AR AT R I 1 A A
LT —HF U] A% B & 1.

P2 A sk B T i) R A% 4317
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