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Abstract: To measure the velocity distribution of a complex flow, a femtosecond laser electronic excita-
tion tagging (FLEET) system was established based on the principle of molecular tagging velocimetry.
The velocity distribution of a supersonic mixing layer flow, which was generated from a primary stream of
Mach number 3. 0 and secondary streams of Mach numbers 2, 2.5, and 2.9, were obtained. In addition,
the flow structure of the mixing layer was obtained through large-eddy simulation and a schlieren experi-
ment. The uncertainty of FLEET velocity measurement is better than 5 m/s by calculating the displace-
ment difference between the fluorescence baseline and the 10-ps-delay fluorescence filament. In the main

stream, the velocity results measured by FLEET were essentially consistent with the calculation results.
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In the mixing layer, the obvious gradient velocity distribution was obtained, and the thickness of the mixed

layer was essentially consistent with the schlieren experimental result. Therefore, the FLEET system can

be used for complex velocity distribution measurements, such as supersonic mixing layer flow.
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1 3 =

R AR B F S LT A
Bl IG5 I 7 U AH OC , be A R T U Sy
At 78 SCRR I FJE B TR 250, M T JRE 4 B N G
PR B RS ) T2 U0 AR DG, R R AT AR R
TET AR O 88 32 5 GO AR 3 R R AR
JRUTIR S5 36y 2 T RAT A% 15 T AR v AN AT kb g —
Ao AE R S50 v i A B (0 RS B 4
SR QAT g A5 AU ARl R HON B ME R M o TR
i) AT A S0 M BE Y TIOIDORG B2 DA U, R 1
s I S A =S KBl g 2E E AT R XU S v A
T EENE L.

DRI i 38 v A S0 O A R R vk L A
2 ik N0 S AR AR 42 ok ) B R KL A% B 4% fih =X
B B I 3 T BA R DR T AL 3 AR R S
(B 75 P ) v 2 7 A O S S R B AR
JEE T A R B R 2 . BT TR ER Y
R F & 8 0 B (Particle Imaging Velocimetry,
PIV) "™ | ¥ t £ 3% 8 il 3% (Laser Doppler Velo-
cimetry, LDV) ' | £ % #) 4 & 0 # (Doppler
Global Velocimetry , DGV )" &85 241 3 J5 32 , H
I 2 28 5 B0 R AR 1 T (B T 0 i b 7 22
A K BOK B R [ RS Bk T A R R
T BE T LA BV A 2 A D rh R 0 B B 2
PRBEPEARMECRIE o A FERLIE R 520 T
BEARAT d5c HH O HT S LB TEZ e I S 4R
DI 1) 3 B A3 A B R R KE . 5 PTV SR AN TR, 43
7~ B Ml 3 (Molecular Tagging Velocimetry,
MTV) R F B B AR 45 09 53 AR s 29, e g
i IR 78 R 7 R B M 22 1 ) R, 7R R R R
SGE A R T mEAE L MR
L™ 45 58 5 6 MUTV 2R £ 2 i iz ) BUAR i AT
TEOAEMMANA . RN T MTV G4 A 2L
fiff e — L 5 Jp Yt By B ) e b A R) R, (EL R
TR G THERG, RGN R R, &
FIA PR . B CRPROCEOR R R E K R, 2011 4F

Michael 45 4 T € R3O W 30 & A5 ic 53
(Femtosecond Laser Electronic Excitation Tag-
ging, FLEET)""Jr ik | il i 22 Y6 bR i (1 N, 78 5
KA W B, MTV B T 3 a5 R B4k,
FEAR T8 MTV I i R G810 & 2=k

PAESR A E 5T FLEET #AR R T
K BF5E . PR K 2% 2011 4F i R
FLEET $AK , 2013 4 F] /N 75 S 5 I P Ak T
BAR A 1, 2014 4R 5280 T 34N ) o T 3k
JEE I L 2015 4F S BT L R ORI AR Y (] A U
Y, 2017 AR AE SR bE I I v ST N L 2018
AETF R T R RN R S 2019 4R 7E AE-
DC 1) 9 5 KR H I e T 75 ol 3 S s
2021 A — 2B AR AR 238 T SRR BN 18 Y R
WY P Ah, 2016 4F , Jiang 257 R J& T WOE T
I IR (STAR)FLEET £ AR, #2717 &2 50% .
2017 4%, Burns " FLEET H AR M T 0.3 m
IR X B . 2021 4F, Gopal "7 # 3IXUR _
SEEL T 1,78 km/s A B I B . Fisher 25792020
A Burst B 82 BT kHz~MHz A9 &, 2021
ARSI T SR ECK 6 1 i XU B R I . Zhang
SRR 2021 AETT R T 2R IR 5T, 2022 4F ik —
ST AR A T 40tk I R A

E ]I B FLEET # AR WF 5 (LA £ 247 R
[E N INTINEAR S5y NE S NS T2 T d o R el v e
K5 kR, A KRS AR
HELA TP T FLEET HLERAF 527, K K24
H5ARRE A G EIF R T /N R E SR
FLEET 3 Bl J5 2 i w5 i 55 1 306Dk
KARE &= X FLEET @952, LA T CN 9t
F R RS R E AR TR
2R R A5 A0 0 . AN IR 5 R R 2E M
FRHE RSB T FLEET WL, 7690 53745« Ab
Ul KXok S 5 B FE T L A X — foRY S 3 B )
e E SE T BT VI ) Y S

M HIR S22 AE T R T8 sl ).
BB R, B2 AT R



5519 1

Wk 0, A ORI R T O b 1 0 T R R R A R DR S I v A R

2783

AE4R TH SC R R, AR SCHEF R OR AR A
H 15 3 £ 151 5 25 R i 8 A B B 2 D 40
RY S T —EFLEET I s 3 B, I s 2h v
TR 5 R A2 U 2h R Y S A L RS T
AL 3. 0 By AL 43 5 Bk 2.0,2.5 & 2.9 1Y
SO TE W0 TR A T Bl BE 1Y) 43 A I e 4 R SRk
TR G AR 2% 2 R A A iR Be ) .

2 MBREREE
2.1 MEEE

TP O LA AR Y 0l ) R T (A
10" W/m*) , F FH CRD 3% T RO fif e 5 R
1] 52 56 v 8 A7 TE B N, o3 77 A N R N R T
WL E AT EMES ST MR T I RES
BR AT B 23 8 5 9O AR 5, 9t 75 4w T B A T
BB LV A B Wy AL ] 25 S0k [10, 24 )5
FLEET £ A 38 1B QRN EOG 38 5 b 09 ik b 350
R L5, R W N, or T K 57
i i T2 08 B o AR Il . bR Id ) 1 N4 F
— PR FE LR 1 i B RS — SRR R A T
Y, M I FHE 2 A2 B A AS TR 2 98 bR il
N, B 76 28 1) 6912 B S (2,) F1 S (¢,), H B a] -3z
K R AT T o
S(t,)—S(s) _AS

L L JAY;

(1)

MERKE

FLEET I i 3% & £ 2 i ORI 6%
iy B B 2206 TG HRI FR G BT s A R
P8 A B A0 AR, AP L R o AR R YR A s
WK R 800 nmy, ik i v BE Sk 120 fs, H ik B 12
6 mJ, M E K 1 kHz, I EH il 24558
AT, T 2 1A L SO 04 % 1), O AR g
- s o) ORI 22 B K B R AR, SEEXE N,
ST ERUR AR D . PRI R 48 th = A

2.2

=1

BEERER

Tab. 1

Optical system

@ —X
kg

QN E

K1 FLEET il 4k %¢ % /5 & K
Fig.1 Schematic diagram of FLEET system
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Operation conditions of supersonic mixing layer facility and measurement result of flow field

Mach number

Total pressure/kPa

Static pressure/kPa Velocity/(mes ")

Case

1 2 1 2 1 2 1 2
1 2.99 1.99 804 194 23.6 23.4 619 512
2 2.95 2.46 712 330 20.9 20.5 611 567
3 2.95 2.85 699 612 20.8 20.8 611 604
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Fig.2 Schematic of supersonic mixing layer facility
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Fig. 3 Fluorescent filaments of FLEET for Case 1
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Fig.5 Fitting results for image coordinates of fluores-

cence tagging molecules
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