14 2 Vol.14 No.2
1999 4 Journal of Aerospace Power Apr. 1999

PIV

k ok

AT = fg KA F
PIV (Particle Image Velocimetry) , NACAO0012
2.39%<10°%, 0° 4°< s
; 0.5
, , ; 0-5 1 ,
Wi Ut v T
PIV
V2110357
1
, Chevray[ 7 Ram aplrianI . Hebbar
[3]
50 ( 0.22 ) ( )
( ) Yao'" PIV \ 101. 6 mm
18.1m/s 4.5< ,
1998 5 ; 1998 10 * s 1 59476007

* ok 26 404 100083



120

4= 1

PIV

0.56 m>=<0.8m>=<1.5m

)

PIV
10 Hz,

, 768
20 ps
Windows NT 4. 0

<484

EERSH

PIV

NA CA 0012
15 m/s,

Nd:Yag Lase

NACA 0012 2.39%<10°, 0=
6
[5,6]
, 10 80 m/s,
HP3852S /
1 , Nd:Yag ,
532 nm, 200 mJ, 9 ns
1.0 mm RS- 170 / CCDh
300/,
, PIV TSI
—Insight NT
R X% B —
'——r
Flow NACAOOIZ!& %ﬁi&
U WO A
2
PIV
0.6 1.2um,
, 250 mm, 560 mm, 2
2.39%10’ CCD

CCD



PIV — 121
. 2
75. 53 um/ pixel, 48.34>36.25 mm’, 64
< 64 30 ps,
128
2
0.1, 0.3, 0.5, 0.7 1.0 6 , 0= 4=
, 1
1 (X , C )
X/C 0 0. 1 0. 3 0.5 0. 7 1. 0
0= AO0- 00 A0- 01 A0- 03 AO- 05 AO0- 07 AO0- 10
4= A4- 00 Ad- 01 A4- 03 A4- 05 Ad- 07 Ad- 10
3
3.1
0= 0.3 ( 3 )
Speed Turbulence Intensity Txy,
45F 45F 45F
35 35 W
asee———— =
@:_ TS 135 )
25 \ﬂﬁ——f—\ﬁ 25 ‘,J LL/
S E “.3.2_./—’_““'—’—‘—}}31 PN (
===
lsf—\,"*— — 15 ””r/
s -l L 1 L 1 L 1 5 F 5 7
5 70 30 50 6|O L L L |0 1 gb 610 1 1 |0 i 9|0
6 x/mm /mm 8 /mm

Txya

~
uu, uv vV

(Turbulence— Intensity)

~



0.8Ue

122
(1/2)(u’v?) < 100% &
= 0 R =
Ue at o
0= TR
utt” , 25%
’ 5 v 5' ’
Txy u?®” s
TA_} u 'U" N Tx} u 5'
T.v) N aL/ ay N a,é/ @’ u % - TJ( ¥
uv < 25% , )
0= ;
ul T uv T v ?T”
3. 2
40
[6]
3. 2.1 AO- 01 A4-01
16’ mm\ 46 mm (0..1< X/C<-0. 2) 4=
<] fof o \‘\N
: £ g (S
-~ >~ N 3
10 10
B e e s e e e 5= e L] Rmssseeve T
i6 22 28 34 40 46 16 22 28 34 40 46 16 22 28 34 46
X smm X /mm X /rmm
(a) b o
4 Ad- 01



PIV

123

Y /imm

2.

Oo

AO- 05
122 mm

2

Ad- 05
155 mm (0.5< X/¢< 0.6)

125 130 135 140 145
X /mm
(a)
3 A0Q- 10
225 mm

Ly
140

135

145

150 125 130
X /mm
(b>
5 A4- 05
0.9Ue
, 0°
A4- 10
256 mm (0.9< X/C< 1.0)

Y /mm

5| T T e— =
225 230 235 240 245 250 255
X /mm
(a)

150

45
40

Y/mm

Y /mm

XM
(]

17
S
e e

i [T
Sl s L

Ln

5 ——— :

225 230 235 230 245
X/mm
(b)

6 A4- 10

0.5

22

230 2385 240 248 250 155
X fimm
©



124 14

, 0.5 1.0
2 Oo 2 2
4
PIV , NACA 0012 2.39%10°, 0°
4= 1 ’
(1) 0° , XY e
,ult” , 25% ;
v 5 Txy
uv < ) Txy u?”
25%
(2) .
: 0.5 .
) ; 0.5 1 ,

(3) :

1 Chevray R. And"Kovaszitay L S G. Turbulence Measurements in the Wake of a Thin Flat Plane. AIAA J. 1969, (7):
1641- 1643

2 Ramaprian B R, Patel V C, Sastry M S. The Symmetric Turbulent Wake of a Flat Plane", AIAA J. 1982, 20: 1228
- 1235

3 Hebbar K S- Mean and Turbulence Measurements in the Boundary Layer and W ake of aSymmetric Airfoil- Exp- Fluids
1986, (4): 214- 222

4 Yao C and Paschal K. PIV Measurement of Airfoil Wake- Flow Turbulence Statistics and Turbulent Structures. ATAA
- 94- 0085, 1994

R R R . PIV . , 1998, 12 (2): 55- 63
6 . | ]. , 1998



14 2 Vol. 14 No.2
1999 4 Journal of Aerospace Power Apr. 1999

FULL- LENGTH PAPERS

DSMC PARALLEL NUMERICAL SIMULATION

ON VACUUM PLUME
Cai Guobiao, Liu Shijian, Wang Huiyu, Zhuang Fenggan
(School of Astronautics. Beijing University of Aeronautics and Astronautics, Beijing 100083)

ABSTRACT The DSMC (Direct Simulation Monto— Carlo) computer code of a
small nozzle vacuum plume was reformed. The computation showed that parallel-computing
could greatly accelerate computation, shorten computing time and enlarge computing scale.
The parallel computation results accorded well with the sequential computation) results. An
example of DSMC parallel computation was also completed successfully for a vacuum plume
and the computation results agreed well with theorefical analysis. T he sequential-com putation
won’t be able to cope with this task.

Key Words Nozzle plume Numerical simulation M onte— Carlo ‘method

A PIV STUDY OF NEAR WAKE FLOW OF AIRFOIL

PART - KINEMATIC CHARACTERISTICS
Wang Guanghua, Liu Baojie, Liu Tao, Gao Ge
(4th Dept. Beij ing University of Aeronautics and Astronautics, Beijing 100083)

ABSTRACT Detailed 2D velocity fields obtained from on- line PIV ( Particle
Image Velocimetry) measurements in a low speed wind tunnel are used to investigate flow
structures in the turbulent near wake flow of a NACAOQOI2 airfoil. The Reynolds number on
chord length is 2. 39%<10°, the angles of attack are 0and 4< The experimental results indi-
cate that the turbulent near wake flow is dominated by the dynamic and kinematic character—
istics of vortices at relatively high Reynolds number. According to the flow structures identi-
fied from mstantaneous velocity fields, the vortex street is created at the airfoil tail region.
Structures in the vortex developing region (within 0.5 chord length) are similar to those for
the Karman vortex street and structures in the vortex break— up and dissipation region (be-
tween 0. 5 and 1. 0 chord length) change from organized to non— organized. The results also
show that the boundary layer of the airfoil affects the structures in the near wake flow. The
fields of mean velocity, turbulence intensity, strain rate and correlation coefficients of EM-
BED Equation are also obtained.

Key Words Airfoill Wakes Kinematics



