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Abstract

To mvestigate the nflience of high tem perature gradient on transition in boundary layer Cl]l.lpla.l'll’]’ST3 [lat

plate experments at zero and non-zero pressure gradient are adapted w ith different tem perature gradient m boundary layer by

num erical sinulation and are validated by experinents The results show that the higher tem perature gradient can delay tran-

sition process and postpone the onset location of transition to backw ard position wall skin-friction coefficient and shape factor

of boundary layerw ith tenperature gradient are higher than thatw ith no ten perature gradient n the same place of plate The

rbulent pulse ofm amstrean is w eakened because of density gradient caused by tem perature gradient The mbulent energy is

dissipated by the vertical buoyancy caused by the density gradient in boundary layer The influence on transition by tem pera-

ture gradient is weaker than mamstrean hydrok inetics properties such as wibulence ntensity nlet velocity and pressure gra-

dient
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Table 1 Inlet boundary condition of test case

Inlet velocity Turbu lence Pressure V iscosity Plate wall M an-strean
/(m/s) intensily e gradient ratio team perature /K inlet tam perature /K
T3A 54 30 No 13 293 393 493 593 693 793 8§93 993
T3B 9 4 a0 No 100
T3C1 59 a6 Y es 100
T3C2 50 20 Yes 30
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Fig. 2 Distribution of wall skin-friction coefficient

Tia

Rk

“—:lm " ey % e TID experiment
AT T3D fulliurh
AT-TOUK i

02 04 06 08 1 1.2 14

X/m
{a) T3A

-
02 04 06

B S A 2 08
T3CI SST full rbulesce 3 T@— 73C25ST foll buience
T3C1 luminar - o na
AT-100K —d— A7-100K
K L —a— A7-300K
28 —a— A7-500K
—&— AT-T00K
26F
= 24
22 *
L]
2k L]
L]
1.8
2w __",_,Ei!E:E_i:Eii'!"‘fE ' 16f
0.8 1.2 14 0 02 04 06 08 1
X/m Xfm
(c) T3CI (d) T3C2

Fig. 3 Shape factor distribution of boundary layer

1.2 14



530 it

5 J S

2008 4F

W, IRRSHA L RE — A NS KB 2 .
B oA 3ep e AR ) o S A5 SR B, WT AR
SfF T3RFEASLLS (AT= 0K), N M-LEERE
T f8 Ll e fE Rt 1 A2 9 17 i 9 P R o 1 46
28 U FUR LR, BB UL BE T 1) B ) S 5 RA A
ERRE RS H S LR Y &R, NE8H
S B e T sknt. i 2f1KE 350 F
R RE T S 4 Rn] LUR B, 7EAH A S2 56 TI R,
Bt A 3k 1 5 R T 0L B (RO 06 K, — T T B G AR )
NUFHERS, 55— 7 AN B335 60 T IS R R R R
BRARMZN. XTI 386 B 55 T3A 1 T3B,
& 2(a)f0 ( b) BT WL FE A iR R G, 152
HARAL B W R RS X T I RRRESEEE T3C1AN
T3C2({E X 0.9 m X B [X 35 B A T4 B, 30 hn
B, T 7EA T DX BT 4R 12 i o, i AR ), i
R AT T3A 5 T3C289HE O 244 KEUAHRE, A1
EXAREBAELE I, HE 2(a)f (d) g
0, BT S v ol TR A B AR AR AR A e R 1m) U
Hef, YEMBEHET S, FHRCESE —P R T
FEHERLZEIR; T3C1 5 T3C2 A #E O 41 i 3= 2 X 5
O R AN, HE 29 (o) F (d) AT S0,
o it O O R HE SRR I TR RO A R 2R
(b)F () b AT %, 58 0k 1AL [ R (I 45 4% 4
MR, B 29 (b)AI ( a) EedseaT BLA L, X T T3B
BEA gk i Ao B, SO B v gk G B, Lk 5t
JE BN B AR AE AR B AT SRR AR T, T BE D 52
T Ao B 7488 RS IR AR I 52 (1 1 AR AR A, R
FEAR/INIYE BRI 9 1) T A8 eh P 238 0T RN, B A
3P0 P B 16 K, 7R R LA S5 A TR IR sh A B n #4 2% A
R 2R BB I A B S0, 3 I R
I3 A Fim i sh th i B — e s EH. 58
24T BLER B 30T DA, R K, S AR AH (]
AL B IR S A AR A B SR, O R iR
FETH R A AR B T 2 X 8 N E R s (H
22), BB A R R . RIS u, B
FEE o6 5 () 384 KA ) 1 PR THT R0 R 1 7, BB e
MR o

JZ RSN R — R R R SR A, AR s A fa
SE PR SR A, 4R I 1 1 TR AU ER TR B AR K i 37t 3
BRI BN, ARefRFFR AR E, FEE R K &, W52
JEREZHINE, A RAFIR . IR A
TARTE % Y AT e A4S, 2alk DHE B &, P AR

BETHT U5 FRE ARG (3 B VA0 ), 76 BE THT 30 0 2 1 T B K
(RO RE B B, A 4500 2 b R R AR B B AR G
e ) TR A R (IR B AR ) A 20 AT, 3K Al
WSy R — R RASE B M T R, XA R b 3 A
B REAR, BT DA AT B 7E b I o B 3 IR 7 7 4,

{8 35 O i R A A g T ) 4 T RE B, 5 IR A I
0 ) TE AP A 2, 33 il i 0 0% A a3 7 e B2 340
i, B TR R E — R RER TR
B, B 4R BERNEES i E, B SRLRE
N =B 1= J2/K U, B AFIE 5ch %
ST 7 I B R AR P 20 3R S BRI R

b P AT AL I U A 8 K, R T U A
I, SR [ —fir B i S 2 P B 2 K B
R L B3 B 4 J2 G M K X 91, T VAL B 5 FE
FEM R 2Ny BN 4( a)F0 (d)AH EL AT BA
92 B, ST RS T 0 T At s 9 3l s 4 (X <0.9
m ) 5 T B I R 4 B P AR TG I 0 B S I 9 K,

HAdi i SR IR BRI 23 b, SRR R R e 1A 3
IRAS, HEIEEE IR R A, 75 & 5 poAe () 0 B e i 7
JE2 VA 3 A S O T 2 BRI, 35X 56 S 3 o i B i
SR VA F 5 43 A S A ) 1 ST T PSR B 4,

VARAE L BE X I CL 40 5628 9 2 WAL 30 i 4(b) AN
( ¢) 15 oAb 50 B A3 T LA R R, 65 A i o
I 2 A 1130 P {1 A0 B 30 2 £ 5 R s B 444
A, 352 B A 2 R i B A e VA B e B A
AS SRR A B, VR R, BB WK, RS
SR I EE o B A K, (R S I BB 2 Al B
VR, R 0o SR AR M IS T 1 S T W, A
TR Hh 2 R A R R A, 7R S A
[ A7 55 72 A S O S A 7 404 v, T 3 A

B O T T B ) S 7 A S, AR T R FE
WENMIZ

4 & B

G5 T, A SCIIE B BUNRS A AR b
A R FE B RE R AL RS0 AT LR 92, K
SUBE L HE BB E TR, B BIEIR R A, T B
LI 52 2 0 TR 2 RS T )52 28 AR 52K
K, 330 R L B 077 1 R TR B
(LA F ) M R RS, A AR R — R E 10
A, R L R A A, T LA DR A 8 A L 7 o
SR A, S A R A T 98 T




8 29% 5 5 il S8 L X VAR 3 2 A AR B i 1) AL 41 531

= B

£ E.

-~ o~

Xim ' X'm
(a) T3A (b) T3B

g .

- = .

8. £

£ E

= =

X/m
(c) T3C

Fig. 4 Density distribution of boundary layer

¥/m

os = i s d
A.'m ‘k..frm
(a) T3A (h) T3B



32

R

2008 4F

Yim

Y/m

Y/m

¥Y/im

X'm
(c) T3C1

Yim

Y'm

Y'm

Yim

Y/m

Origin A T-0K

{ A7-100K

' Stan
=l
- | a7-300K L
N Start q
| 1
"1

A 7-500K

A T-700K

Y'm
(d) T3C2

Fig. 5 Turbulence intensity distribution of boundary layer
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