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An Experimental Investigation on Flow Field in
a Pipe with Sinusoidally Wavy Surface by PIV
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ABSTRACT: A flow field in a passage with periodically converging-diverging cross-section
is investigated experimentally by PIV measurement. A tube with a sinusoidally wavy cross
section is one of several devices employed for enhancing the heat and mass transfer effici-
ency due to turbulence promotion and unsteady vortical motion. While the numerical flow
visualization results have been limited to the fully developed cases, existing experimental re-
sults of this flow were simple qualitative ones by smoke or dye streak test. Therefore, the
main purpose of this study is to produce quantitative flow data for fully developed and tran-
sient flow regime by the Correlation Based Correction PIV (CBC PIV) and to conjecture the
analogy between flow characteristics and heat transfer enhancement with low pumping power.
Another purpose of this paper is to examine the onset position of the transition and the glob-
al mixing, which results in transfer enhancement. At Re=2000, evidences of the global mixing
are captured at 2.5 wavy module through the variation of RMS values and instantaneous ve-
locity plot.

Key words: CBC PIV(CBC 9A494#47), Sinuscidally wavy pipe(¥23} 338 #), Global
mixing(W#=2 &)
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Fig. 1 Wavy passage in a transparent rectan-
gular box.

Fig. 2 Photo of model filled with water (left)
and with water—glycerol mixture (right).
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Fig. 3 Experimental setup and test section ge-
ometry ( L=37.7mm, D,,,.=20 mm, D,,;,

=10mm, D0, =15 mm).
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Fig. 4 Numerical solution (left) and a part of
synthetic data (right).

Table 1 CPU time and mean pixel error

Max move=|Max move=|Max move=
7 pixel 10 pixel 15 pixel
(sec) | B | (oo | BT | (e | Brrer
FSBM| 79.89 | 0.161 |155.22| 0.189 |643.73| 0.286
HYB | 3.46 | 0.179 | 3.99 | 0.208 | 13.40 | 0.328
HPM | 1.19 {0217 161 | 0322 2.01 | 0.582
NTSS| 242 | 0207 { 399 | 0.267 | 6.08 | 0.426
CBC | 456 | 0.120 | 461 | 0.158 | 461 | 0.232

< s

oo} F(Window Shift) $1&
A dg S dadg B
AW (Full), FFT °§ 4995

BELE 2 ZEF RoriA Edd Al
AFHHINTSS), T2 A4 ofu] A (HPM)FH
CBC ¢ua5e H3so 714 44 olulAd
43 A7E Table 19] LoFatgeh "

SNRe| %712 Q3 o /e s} Zasol &
A7 2E7 A ¢+ gReH, FA 2 g4
A4E 2ot AAzAQ AdolsAg 7 A
= NTSS, HPM 5ol vl AAiAzte & o
U AgEE ZA FHHAeH, 1 o8y 2
o] 572l e CPUY 23 RFA $4%82
E 4

a
ARl

5.8 3

AR JAFoM ol FEWA ZES I {FEL
Re=500, 800, 1000, 200041 W3]l CBC PIVEZ &
Asgrt. 102489 <7 $54L FHA o2
B 37 £5%3% RMS X2 F3lgd. Fig.5



PIVE o] 8@ 349 s Wy #5392 494 a7 371

(b) URMS/Uave

distribution

(a) Reduced average
velocity distribution

(C) VRMS / Uave
distribution
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distribution

(f) Average velocity
and streamline

(e) Instantaneous
velocity distribution

Fig. 5 PIV results of the flow in 9.5th module
at Re=2000.

Fig. 6 Average velocity distribution at inlet.
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Fig. 7 Instantaneous velocity in 1.5 to 6.5 mod-
ule (from left to right) at Re=2000.

Fig. 8 RMS distribution (V Ubus+ Viaus / Use)
in 1.5 to 65 wavy module (from left to
right) at Re=2000.
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Fig. 9 Mean Streamline (half domain) in 1.5 to
6.5 wavy module (from left to right) at
Re=2000.
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Fig. 10 Correlation between mass (heat) trans-
fer and velocity profile.
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Fig. 11 Average (left), instantaneous (middle),
and RMS (right) velocity distribution at
Re=500 (25~5.5 modules, up to down).
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