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Volumetric measurements of an adverse-pressure-gradient turbulent
boundary layer using single-camera light-field PIV

Zhao Zhou, Ding Junfei, Shi Shengxian”
(Turbomachinary Research Institute, School of Mechanical Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China)

Abstract: As a novel volumetric particle image velocimetry technique, Single-Camera Light-
Field PIV (LF-PIV) is able to reconstruct three-dimensional flow fields using a single camera.
The merits of LF-PIV lie in its concise hardware setup and minimum optical access requirement.
Its capability has been proved in many experimental investigations. In this study, LF-PIV is used
to measure a self-similar Adverse Pressure Gradient Turbulent Boundary Layer (APG-TBL).
Experiments are performed in a large water tunnel at the Laboratory for Turbulence Research in
Aerospace and Combustion (LTRAC), Monash University. Twenty independent batches of light-
field PIV images are captured for both inner and outer flow, each consisting of 250 instantaneous
image pairs. Instantaneous 3D velocity fields are reconstructed with the GPU accelerated DRT-
MART and 3D cross-correlation methods and compared with two-dimensional PIV (2D-PIV)
results. Preliminary results show that though limited by the experiment conditions and PIV
algorithms developed in 2016, similar accuracies to 2D-PIV are achieved near and above the
boundary layer. With the volumetric calibration method that compensates optical distortions
caused by lens defect and misalignment between the Microlens Array (MLA) and image sensor,
the resolution of LF-PIV is greatly improved.

Keywords: Light-Field PIV;single camera volumetric PIV; turbulent boundary layer;adverse
pressure gradient
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Fig.2 Schematic of the LTRAC water tunnel and the LF-PIV experimental setup of the inner and outer layer measurements
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(a) experimental setup of the laser path; (b) experimental setup
of the LF-PIV system; (c¢) partially magnified particle image. The
red hexagonal frame in the upper left corner indicates the
arrangement of the micro lenses array, and the inside of the frame
is the subimage formed by a single microlens
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Fig.4 Overview of averaged volumetric velocity field of APG-TBL measured by LF-PIV and assembled with inner and outer layer
data. The outer flow is in the positive x-direction, and the wall lies here on the right-hand side
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X T I | TR T e 4 ) AR ALK B RS B 1 T
ANAH TR I 5 2 Y T A 3R 22 . 410 B8 52 305 B 1 ) e 2
Je > B E 1) R S AR AL B 5K o BE T I A E R LR A
BRI A 032 RS B MR AL R AR AR RS . 3 BURK &
BORA T oA N =4 TR 2, M v/6, < 0.1,7F
SRR LN, LE-PIV 6 25 R A 22, H E 2 A A
SR A — 2 T A2 P RN A I R B
TR RV B NGV 1 o= N N I o 1 YA R 75 A (A £ A
B2z R ALK HER DRT-MART & # B %
27 K R T TR U 22 L 7R 3 AR R A
KB S5 M E M IR 2E HE— B oK. R %
8 B B Sk W AR 1R 22 OB AL LB B8 5 CCD
ZEPRERC R, R 2 TR RS AR T

— b T ARG B B 1 DRT-MART A4 55 k1,
HE— 204 v T T DT B TR 3 A R . RIAT
HRHE 28 0 TR A N 43 itF — 2P 32 i S 3 v
KL -4 BE (0. 5ppm) AT A3k 31 0 5 19 30 37 0 o A
J

B & 5Cb) L Co) B 1 R 3 43 A ittt e 6 L AT 0. 7
Bl R LA X S8, A LE-PIV i 4 25 5 b B 6% 01 5%
2 Cuw>/ UL Felovd/ UL HEE PRI (R ) — SEREAE L I
HY5 2D-PIV LR 45 R W &80, Hrb, Guo IR
HIRZ/NT 2%, (vo) MRIRZENT 7%, HEHRE
JE LN B R BE T 2 6], LE-PIV I8 RE45 314G 2400 5 %
o i 22 1Y I 5 R T Y 4 B AR TR ot A, TR
5Ch) 36 B T I B 4 CHE 0 rp Y R 4 0T R 8 4
I 2D-PIV Ml 25 R —HE R B4, AL i T i i 48
F I FE ,DRT-MART 835 I A 68 7 BR i1 2 15 51
o R B I AL 5 SR L TR T 5 B B e AR R 25

4 &5

ASCE YK LF-PIV $ R B F7E i it 1 52 1
P I T S g ok o A LE-PIV il 42 4 43 9 %, 15 3
Z5eE .

(1) ETHMAR DRT-MART = # & ¥, LF-PIV
REME AT BEAS B I i 0 A2 D o, SRS R A = 4
Y4y PE3 N 0,558 X 0.637 X 0.526 mm®/vector, {4
A 23465(19X 65X 19) > FF K&,

(2) LF-PIV iy & 43 #¥ A1 A 1R K 0y 4 A+ 25
] o 3 3k 5 1 BT A 6 T A 1 B3 5 ) DRT-MART
HAG B LA S KR F W E (2 1ppm) W] DL — 20
$& 75 LE-PIV X i it 240 542 00 0 2085 52 .

T 2D AR R R O R R T RS A Y
DRT-MART #4583k i 47 503 A Y 52 50 0F 98 S 8K
I 531

SE
[1] Ding ] F, Wang J H, Liu Y Z. et al. Dense ray tracing based

reconstruction algorithm for light-field volumetric particle
image velocimetry[ C]. The 7th Australian Conference on Laser
Diagnostics in Fluid Mechanics and Combustion. Melbourne,
Australia, 2015.

Fahringer T W, Lynch K P, Thurow B S. Volumetric particle
image velocimetry with a single plenoptic camera[ J]. Measurement

Science & Technology, 2015, 26(11):115201.
Shi S X, Wang J H, Ding J F, et al. Parametric study on light

[2]

[3]
field volumetric particle image velocimetry[ J]. Flow Measurement
&. Instrumentation, 2016, 49: 70-88.
TR, R i . Ot AL =4k R BOR [T .
SR 1%, 2016, 30(6) . 50-58.

[4]



5% 2

B UNAE T ARG PIV 36 i I 14 )2 0 71

[6]

[7]

(8]

(9]

[10]

Ding J F, Xu S M, Shi S X. Light field volumetric particle image
velocimetry[ J]. Journal of Experiments in Fluid Mechanics, 2016,
30(6): 50-58.

LiH T, Ding J] F, Qu W H, et al. Investigation of 3D flow
behavior inside a rod bundle using Light Field-PIV and the matched
refractive index techniques[ C]. The International Symposium
on Particle Image Velocimetry. Busan, Korea, 2017.

Xu S M, Ding J] F, Zhao Z, et al. 3D flow measurements of
circular air jet at Re = 30, 000 using light field particle image
velocimetry[ C]. The International Symposium on Particle Image
Velocimetry. Busan, Korea, 2017.

Bolton J] T, Thurow B, Arora N, et al. Single camera 3D
measurement of a shock wave-turbulent boundary layer
interaction[ C]. The 55th AIAA Aecrospace Sciences Meeting.
Grapevine, Texas, 2017.

Shi S X, Ding J F, New T H, et al. Light-field camera-based
3D volumetric particle image velocimetry with dense ray tracing
reconstruction technique[ J]. Experiments in Fluids, 2017, 58
(7):78.

Shi S X, Ding J F, Atkinson C, et al. A detailed comparison of
single-camera light-field PIV and tomographic PIV[J]. Experiments
in Fluids, 2018, 59(3): 46.

Atkinson C, Buchner A J, Soria J, et al. Experimental mea-
surements of a self-similar adverse pressure gradient turbulent
boundary layer[CJ. 20th Australasian Fluid Mechanics Confer-
ence. Perth, Australia, 2016.

[11] Atkinson C, Buchner A J, Soria J, et al. Time-resolved PIV
measurements of a self-similar adverse pressure gradient turbu-
lent boundary layer[C]. The 18th International Symposium on
the Application of Laser and Imaging Techniques to Fluid Me-
chanics. Lisbon, Portugal, 2016.

[12] Shi S X, Ding J F, New T H. Dense ray tracing based
reconstruction algorithm for light field PIV and comparative
study with Tomo-PIV[C]. The 18th International Symposium
on the Application of Laser and Imaging Techniques to Fluid
Mechanics. Lisbon, Portugal, 2016.

[13] Atkinson C, Soria J. An efficient simultaneous reconstruction
technique for tomographic particle image velocimetry[]J].
Experiments in Fluids, 2009, 47(4-5): 553-568.

[14] Soria J. An investigation of the near wake of a circular cylinder
using a video-based digital cross-correlation particle image
velocimetry technique[J]. Experimental Thermal &. Fluid
Science, 1996, 12(2): 221-33.

[15] Shi S X, Ding J] F. New T H, et al. Volumetric calibration for
single-camera light-field PIV[]J]. Experiments in Fluids, 2019,
60(1): 21.

EE® T

B (1994, 55, Ll g N Tl A R
A WFR I OEY SN B R . A
HE: b A2 R AL S 3h O R A B
(200240) , E-mail: zhaozhoul994 @ sjtu. edu.

cn

(.22 5)



	9 赵洲
	9 赵洲-1

