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A study on the wake characteristics of the serial

cylinders

Eom, Jang Ho

Department of Air—conditioning and Energy System Engineering

Graduate school of Korea Maritime & Ocean University

Abstract

This paper studied the characteristics of wake of serial cylinders.
specially, the difference according to the spacing between

successive cylinders is compared.

For particle image velocimetry experiments, it take 50um size of
plastic particles, which spread in circulating water channel about
0.05 particle per pixel, use the 8W 532nm Nd Yag laser to
illuminate the inside of the channel and 4 CCD camera used to
take pictures of each location. the captured images are computed

with vectors and vorticitys in the flow field through techniques
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such as Tomographic particle image velocimetry(Tomo-PIV). the
diameter of the cylinders arranged in the experimint was 8mm, and
the intervals of the continuous cylinders were arranged at 8mm,

16mm and 24mm. and this results are compared with CFD results.

At Tomo-PIV results, case 1 showed a low vorticity magnitude.
case 2 and 3 show a high voricity field. CFD results compared the
front and rear total pressure differences of the rear cylinder. as a
result, it was 0.52 Pa in case 1, 0.83 Pa in case 2, 1.09 Pa in
case 3. so, case 2 was 1.6 times higher than case 1 and 2.1 times
higher in case 3. so, the pressure difference in case 1 was the
lowest. Based on the above results, it is thought that the structural
collapse accident can be reduced when applied to the offshore

plant structure.
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Al 2 & Tomo-PIV 2@ CFD #4447

2.1 Computer Fluid dynamics
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2.2 Tomographic particle image velocimetry (Tomo-PIV)
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Fig 3.1 Flow field modeling
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Fig 3.3 mesh inflation near cylinder
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Fig 3.5 Equipments composition (CCD Caméra, Lens)

Fig 3.6 Equipments composition (8W 532nm Laser)
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Fig 3.7 Equipments composition (Calibrator, Stage)
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Fig 3.9 Arrange of cylinder (case 2)

Fig 3.10 Arrange of cylinder (case 3)
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Fig 3.11 Equipment composition of experiment (flow field)
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Fig 3.14 Split of laser sheet
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X 20mm X 20mm = A 3sH T}

o

A3t AL, Tomo-PIV A4l 9L 40mm
ot Fig 3.15, 3.16, 3.17&= Z+7t case 1, case 2, case 3= Zil& 7HWetE

ol g3te] HAF Axlol tistel MAAA HeE AP Axlolh
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Fig 3.15 Particle image of case 1

Fig 3.16 Particle image of case 2
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Fig 3.17 Particle image of case 3

e} o] FH9Hd AN A Tomo-PIV A4S s wAS 93
#oJo] YastH, Fig 318 AR =M 7+ A Abolo] 1AL 5mmo| 1,
Zoto] Y2 AWaly] 9ty Y HEo] sTE A Alold AHz+E o

=
A, AR A E42 S

WA FFL 20mmt BF ZIE F YEE 20mme M ¢kl A 59
APstg, A2 "L dHoZHE -10mmeo]™, 5Smmy ¢oZ o)%

NA Zgste] 2o 2HE -10mm, -5mm, Omm, 5mm, 10mm ]3] ol A]
e
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Fig 3.18 Calibration image
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A4 Ad 23

4.1 CFD sjx4d3

CFD af4-& HE, Mdg, dF % oluvA|(Turbulent Kinetic Energy) at<
Bt A FHA Tl = AUyt v S-S 2 vlaskg o,
7t Tableell CED 3i4)& &3t =9 | #s= Bt o Table 4.1
CFD HlolHE F&3 A3 HEE Astd o, o= Fig 4.1¢ 2.

Table 4.1 Check Point location of CFD result

No X (mm) Y (mm) Z (mm)
P1 75 96 25
P2 75 104 25

Fig 4.1 Check point location of CFD result
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411 CFD 2% (dE)

Fig 4.3 Vector result of CFD case 2
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Fig 4.4 Vector result of CFD case 3

Table 4.2 Velocity results around rear cylinder

[m/s] case 1 case 2 case 3

P1 0.00013394 0.00006067 0.00003369

P2 0.00007050 0.00007131 0.00006862

HE o] BxE Ao fAE Adho] 479 5ol FEst 4™y
ZHRoA 2 WEs} Uehbs g ¥ 5 glon, RE casedld AT
Bt el v dAF e ghs Holn, o] Pl AH e {f&52
A AUvle FRe o moln], AUL Abolg o] Woldrs
Plo| A o] fr&o] SojuEs S &9 & & ok P2 A9 HE = case
P o}F e ol Holn], RASE @ 7Fe| zolF BT
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412 CFD 23 (A¢d)

Fig 4.6 Total pressure result of CFD case 2
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0050 0100 (m)

Fig 4.7 Total pressure result of CFD case 3

Table 4.3 Total pressure results around rear cylinder

[Pa] case 1 case 2 case 3

P1 -0.2946009 -0.2986105 -0.3129599
P2 0.2263675 0.5356956 0.7845517
P1-P2 0.5209684 0.8343061 1.0975116

Table 4.3 % A0 HAol| ik = Exe} A AggE Y Aol&
Aesidtt. 1 23 case 1 Aol 49 A7t 7P 2 Aoz SAHUL,
case 29} case 3olX+= Z+Zb case 1o Hl&] oF 1.69), 2.1wje] ol =&
Bl o] Addde] Zgst= be A7 ZA vehd, dA A
FEAME 2 &S el Bez =il
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4.1.3 CFD Z3} (Turbulent Kinetic Energy)

6.905e-06
[m*2 s-2]

x
t&
v

1.277e-04
8.746e-05
4.718e-05

6.905e-06
[m"2 sA-2]

.
L,
v

Fig 4.9 Turbulent Kinetic Energy result of CFD case 2
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[m*2 sA-2]

X
L,
v

Fig 4.10 Turbulent Kinetic Energy result of CFD case 3

Table 4.4 Turbulent Kinetic Energy around rear cylinder

case 1 case 2 case 3
P1 0.00013514 0.00013778 0.00013934
P2 0.00016003 0.00020225 0.00023365

Table 4.5+ A ¥t ZwWe] Turbulent Kinetic Energy &, W& %

AUAE Ak Ao 2, Turbulent Kinetic Energy P1 ~ P67}#] case 19l 4]
oF4d Zpo]S BP.om, 0.00002 ~ 0.000038] FHe 7AE AoE Uehth
g gk IA case 1o] 71 XL xolE H PO, case 29 case 3&

24z} case 1 ®ls 2.68), 3.8 REE2] AolE HoAFIUT
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42 Tomo-PIV ¥E] 2 o= A3}

421 27) 4¥4) U@ 2%

vecror I

dr (m/s) 0 0003 0.006 0008 0.012

S

Fig 4.11 Vector result of Tomo-PIV experiment 1, case 1
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— l dr(my/s) 0 0003 0.006 0.008 0.012

Fig 4.12 Vector result of Tomo-PIV experiment 1, case 2
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p——

[y
veror IS
dr(m/s) © 0003 0.006 0.009 0.012

Fig 4.13 Vector result of Tomo-PIV experiment 1, case 3

case 1, 2, 39 f%& tomo-PIVE B3l SA3AS W case 1A &
19 £8 ddoas Be 23 3y Adn Fow o Byl
< Yehl e, case 29} 394 case 1o HlE] =2 43 3
o 92 WEe IAFEI Yehde S gelsdth olE F3l
e} R7F AT Zlolg} o st on, of#fel o] e} %(vorticity magnitude)E
ALt fE5d WRe {5 #EsiTh

mz o
of r

i

2
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| Worticity Magnitude
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Fig 4.14 Vorticity result of Tomo-PIV experiment 1, case 1 (1)
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| Vorticity Magnitude
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Fig 4.15 Vorticity result of Tomo-PIV experiment 1, case 1 (2)
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Vorticity Magnitude
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— ooe
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Fig 4.16 Vorticity result of Tomo-PIV experiment 1, case 1 (3)
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Varticity Magnitude
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Fig 4.18 Vorticity result of Tomo-PIV experiment 1, case 2 (1)
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ey " 3 1 vorticity Magnitude
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Fig 4.19 Vorticity result of Tomo-PIV experiment 1, case 2 (2)
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Varticity Magnitude
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Fig 4.20 Vorticity result of Tomo-PIV experiment 1, case 2 (3)
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| Vorticity Magnitude
el ! 0.11

0.1
[ 008

0.029
0.07
0.0&
0.05
0.04
0.02

0.02
0.01

Fig 4.21 Vorticity result of Tomo-PIV experiment 1, case 2 (4)

Fig 419914 = case 1914 YeElA] &Ud 727 A4 =HAoH,
fréo] =9 case 19 F/7F vl A oF%k Zo] £A7F He Aoz A%
o). Fig 4.20 olA+= Fig 4.19 9 &/ Fx27F A A& & F Jon,
ArAel 55 T3 FHo R olFd ZAo= HIY. Fig 421 A=
RV MU 49 AS B 5 Aok Fig 4.22 A= ol FdelA

=
g4 Hud o F 727 SHEERE o5 AS E
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Fig 4.22 Vorticity result of Tomo-PIV experiment 1, case 3 (1)
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Fig 4.23 Vorticity result of Tomo-PIV experiment 1, case 3 (2)
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Fig 4.24 Vorticity result of Tomo-PIV experiment 1, case 3 (3)
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case 3lME B 9 SuR o] GFTE/F Uehon, case 29
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422 A8 43 i 23

A el ANE Y 200ME 3R o) HHTE 422 WAHAD
#& ZHe F3 006m/s9) FHOR F2 RE oFIE How
sk 71E AR Y gge) wy
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FETEIL WARA Ugkd HE weislel 1Y e

X,
2

% 4d W] FS AVSIGOR, ST TR AL G ST o5
e He neiste] A FAL smmol A Wmm= 254 W GeAT

4 =a Z
gk sy 7 d Casel
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~— Vector (m/s) : 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Fig 4.26 Vector result of Tomo-PIV experiment 2, case 1
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Fig 4.27 Vector result of Tomo-PIV experiment 2
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Vector (m/s) : 0.02

0.03

Fig 4.28 Vector result of Tomo-PIV experiment 2, case 3
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Tomo-PIVe] A#E £% A
(vorticity magnitude)E e AT}

0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Vorticity Magnitude :

Fig 4.29 Vorticity result of Tomo-PIV experiment 2, case 1 (1)
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Fig 4.30 Vorticity result of Tomo-PIV experiment 2, case 1 (2)
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Fig 4.31 Vorticity result of Tomo-PIV experiment 2, case 1 (3)
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Fig 4.32 Vorticity result of Tomo-PIV experiment 2, case 1 (4)
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e NN | T

Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.33 Vorticity result of Tomo-PIV experiment 2, case 2 (1)

case 19| ¢f=ol Hls] & otF7F AT AL & F Utk
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Vorticity Magnitude :

Fig 4.34 Vorticity result of Tomo-PIV experiment 2, case 2 (2)
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Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.35 Vorticity result of Tomo-PIV experiment 2, case 2 (3)
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e NN | T

Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3
Fig 4.36 Vorticity result of Tomo-PIV experiment 2, case 2 (4)
Fig 436 ol A& 2wzl 9}5 P fAST sl dobl AL

HeFr, case 1] Wste] s Wel SRl WS AL ¢ 5 Ark
A= #r FeE
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GHFILE Hole ASE YENT

61

Collection @ kmou
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Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.37 Vorticity result of Tomo-PIV experiment 2, case 3 (1)
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Case3

Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.38 Vorticity result of Tomo-PIV experiment 2, case 3 (2)
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cases NN | N

Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.39 Vorticity result of Tomo-PIV experiment 2, case 3 (3)

Fig 439 o4 249 99 =90 xsta Idul oh=r} Akl 2L
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cases NN | N

Vorticity Magnitude :  0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3

Fig 4.40 Vorticity result of Tomo-PIV experiment 2, case 3 (4)
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