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PIV experimental study and field synergy analysis
of external flow field of vibrating tube

JIANG Bo, TIAN Maocheng, QIU Yan, TANG Yufeng, CHENG Lin
(School of Energy Source and Power Engineering , Shandong University, Jinan 250061, Shandong, China)

Abstract; Using particle image velocimeter (PIV) combined with CFD dynamic mesh, an experimental
and simulation study was carried out on flow field in the near-wall region outside a vibrating tube. The
charts of velocity vector of flow field outside the tube under five conditions with amplitude 1. 3 mm and
frequency 5—25 Hz were obtained, and the cosine of average synergy angle of flow field outside the tube
was calculated. Experimental and simulation results showed that vibration could significantly increase flow
velocity in the near-wall region outside the tube, and cause effective scouring on both sides of tube wall in
the vibration direction. The average velocity of near-wall region outside the tube showed an approximate
linear increase with the increase of vibrating frequency, and reached a peak when resonance condition
appeared. In the same region, the cosine of average synergy angle under vibrating condition was greater
than that under non-vibrating condition, but there occurred a narrower change of cosine of average synergy
angle at different vibrating frequencies. Besides, preliminary measures were proposed to improve heat

transfer of vibration surface by analysis of field synergy.
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Fig. 2 External flow field velocity vector chart of

vibrating tube at different frequency
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Fig. 3 External flow field simulated velocity

vector chart of vibrating tube at 15 Hz
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frequency in calculation region

D

B9 R INIR T KR B
Fig. 9 External flow field partition schematic

diagram of vibrating tube

Wsh, whRIVER o, PR T, XS
TEREE 48 4k sl s AL A A AR AR R HL . X F AL B
I DX, Ak 24 = U IR0 1 b A DRI i L 55 1 i
JEWA SR, %P6 X PN A 38 b AL B0 1% DA 42 5 3
REVHE R 2, H s R A Z Rk
i TR ESE SR FH R i ) A I R A e, 2 % 5 A N R R
MR ER, C. D AT E RSNy 10w X,
Fo R AR LA T RE I O £, SRR, (Hig P
) ff A s B /N s e T DA 3 1 1h 245 44 F el 35 1%
DX 3k N 1 3 U R P . BDAE i A g AR AR AN K L
TR P R . SCHR X BE T T R 5
WE, ZEREMIE ERIETFH&EE—1 2 mmxX2
mm HE M, WP IR TR E A=1.3 mm,
F=15 Hz T80 F Hah 5 K38k 4 1 24 3 U3 [) # 4
SEAEH 0. 656, = FARMAIESE 0.595, & 10 A}
FHA 90 JE Iy 1) A . G A S U I Al A
SEABKE A3 o T e ) S A Dk B A Y b i
JiE e 1) A R . B T LB, A 3 B I
MR R B R BN ¥ TR . anibar LA )
13 U IR A A 52 AR TE AN IR A B 44— R X A
EEUE . R, BUE A SRR WIE % Lo T Al

surface-phase angle/(°)

10 B . G M8 S U IR A AR LB L4 A
Fig. 10 Contrast scatter diagram of field synergy

angle cosine between ribbed and unribbed tube

B I AP R T £ B R B WO 5 7. 1%
5 % b

=

ARSCR R T B (PIV) 5 CFD g W
ARG 17 . X IR 30 18] 48 41 3 BE X A 24T T
SCBG AU S, fFEIA AR,

(1) ¥ 3 RE A% 14 0 A& A1 3 BE DX I AR B B
% E 4R Bl T 1) RE 0 A AR ek, B
P ol A 0 T LA AP OP 3 R G B Ak
Hom

(2) WE T IR IR T B35 P R A 4 5%
. PR3h TH0 M- X U A #A AR 92 2K T ok 3h 1
By FLAS [F) 451 232 8] 1) 7 34 3 By 7] £ 4 5% 1 728 A ¢
ANy AT DAAS S AE SO IR I IR 2 T 5 e AL B
REM R ES RO SM M . AR P A A .

(3) LT FE T Es R 0 T s 4R 8
FEE IR BUE T R W L RR A A A R
R RSV E MG R M AL AROR .

References

[1]  Tian Maocheng (M %), Lin Yiging (#BEi}E), Cheng

Lin (F£#k)., Zhang Guanmin (7K 5% ), Zhou Qiangtai

(J& 3% #%). Experimental investigation of heat transfer
enhancement by flow induced vibration in steam-water heat
exchangers.  Jowrnal of Chemical —Industry —and
Engineering ( China ) (f¢ T. 2% 4 ). 2001, 52 (3):
257-260

[2] Leng Xueli (¥ % #%L)., Cheng Lin (##k). Du Wenjing
(k:3C##). Heat transfer properties of the vibrational pipe
when fluid passes by it slowly. Journal of Engineering
Thermophysics (1. 2 # 1 # 2% i), 2003, 24 (2):
328-330

[3] Jiang Bo, Tian Maocheng, Leng Xueli, Tang Yufeng,

Pan Jihong. Numerical simulation of flow and heat transfer



55 8 ]

LPAF . RS SN 0 PV SC9 058 & 5 U3 R) 73 B « 1905 -

[4]

[5]

[6]

[7]

[8]

(9]

L1o0]

characteristics outside a periodically vibrating tube. Journal
of Hydrodynamics, 2008, 20 (5). 629-636

Go J S. Design of a microfin array heat sink using flow-
induced vibration to enhance the heat transfer in the laminar
flow regime. Sensors and Actuators A: Physical, 2003,
105 (2). 201-210

Fu W S, Tong B H. Numerical investigation of heat
transfer from a heated oscillating cylinder in a cross flow.
Journal of Heat and Mass Transfer, 2002, 45 (14):
3033-3043

Guo Z Y, Tao W Q. Shah R K. The field synergy
(coordination) principle and its applications in enhancing
single phase convective heat transfer. Journal of Heat and
Mass Transfer, 2005, 48 (9). 1797-1807

Guo Z Y, Li DY, Wang B X. A novel concept for
convective heat transfer enhancement.  International
Journal of Heat and Mass Transfer, 1998, 41 (2).
2221-2225

Guo Zengyuan (i #476). Principle of field coordination in
heat exchangers and its application.
Mechanical Engineering (ML % T. 7 2% iz ), 2003, 39
(12): 1-9

Lee S H, Kim J H, Sung H J. PIV measurements of

Chinese Journal of

boundary layer over a rod-roughened wall.
International Journal of Heat and Fluid Flow, 2008, 29
(6): 1679-1687

Weier T, Cierpka C, Gerbeth G. Coherent structure

turbulent

eduction from PIV data of an electromagnetically forced

[11]

[12]

[13]

[14]

[15]

[16]

separated flow. Journal of Fluids and Structures, 2008,
24 (8): 1339-1348

Li Hongzhi (Z=41 %), Luo Yushan (% i), Wang
Haijun (F¥# %), Chen Tingkuan (JEUT %), Xiong Wei
(BEM), Li Chenfei (Z=/2 K). Visualization experiments
on air side heat transfer and fluid flow characteristics of arc-
type and X-type slotted fin surfaces. Journal of Chemical
Industry and Engineering (China) (k. T.2¢4Rk), 2008, 59
(8): 1936-1941

Li Yong (Z7k), Wu Yulin (% F#£), Yuan Huijing (F
#E¥E ), Pan Hailin (3 # #). Application of 3-D-PIV in
measuring the entrained vortex. Adwvances in Water Science
OKBF2EgEB) . 2007, 18 (3): 368-373

Dai Guangqing (#)(3%), Wang Binrong (F{%%), Yang
Qing (4 B).

oscillating in  water.

DPIV measurement of a circular cylinder
Journal of Sichuan University :
Engineering Science Edition (JU JI] X % 2 #t. L # B2
W), 2001, 33 (6): 1-5

Lin J C, Rockwell D. Quantitative interpretation of vortices
from a cylinder oscillating in quiescent fluid. Ex periments in
Fluids, 1997, 23. 99-104

Unal M F, Lin J C, Rockwell D. Force prediction by PIV
imaging: a momentum-based approach. Journal of Fluids
and Structures, 1997, 11. 965-971
(¥% % 4L). Heat
mechanism and fouling development outside vibrating pipe

[D]. Jinan: Shandong University, 2007

Leng Xueli transfer enhancement



