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Effects of Eccentric Ratio Between Stationary Upstream Circular Cylinders on
Heat Transfer of a Heated Downstream Cylinder

Gap-Jong Riu, Cheol-Woo Park and Chung-Sun Jang

Key Words :  Convective Heat Transfer (?h @ A &), Eccentric Ratio (A&, A& H]), Thermal
Boundary Layer (€ 73 Al%"), Vortex Shedding (%)

Abstract

The influence of eccentric(=staggeredness) ratio between stationary upstream circular cylinders on heat
transfer characteristics of a heated downstream circular cylinder installed in a channel was investigated
experimentally. In order to enhance the heat transfer rate of the heated downstream cylinder surface, we have
changed the configuration of upstream cylinder. As a result, we were able to obtain local time-averaged
convective heat transfer enhancement of the heated cylinder by the relative replacement of upstream cylinder.
This is basically attributed to the mean flow structure change, such as flow separation, vortex shedding, and
recirculation of the upstream cylinder including the reattachment and new thermal boundary developed at the
downstream cylinder which are the results of the increase of the staggeredness ratio. .

71549y ae|A2R
£ o TR BAEERZEEY) (=yd)
4 ted 2715 WA, ) o . AFUE 9A9 FE
D A71% 24, fmm) 7 . FAY 3N (=wd)
h HF A AF, [WmdC) P ;3719 BE, [kg/m’]
I A5, (A] o 2HB-Bxv A4 [ WimK)
k, 719 AEE, [Wm°C]
n c EAY RS
Nu ;. FAESF(=hdk,) 1. A B
o DOEF W]
Re o HOlBRF (=Vadv) HZ B9 dudrg £5& S gz,
T : RE K] E3] A Aot LE7 FIlE w
Vin : Y 7Y &5, (ws) g 2o a4d%53, 9Es 2 adAssr oF
HAAm e FAA QAok® EF FAE AFEH
T #9A, 99, BENGE 743 9} o|BEAIF| 79 Alfeo] TZ3lT oS AR
E-mail : kjriu@knu.ac.kr ) % ool WA o & 9 0 o = o
TEL : (053)950-5571 FAX : (053)950-6550 %’;.qg] ‘;4 s Eﬁ:.”g_”o e sorA, 9
* 39, ARUSm /) ATEE Enk-i ! AAZIed #A3 aEHQ Pzl
¥ Anusiy gey 7)A2e T E4HA 2 AL 25} vl E5tsled BFe
715E Az 23 + g4 9



1450 £ -

280 2% IAY @ Axgozid 14
o2 4T AARY AE GAY FAPAL 7
4 NS PEE GEEHAIIA,
59 ALY BAYHE gAY HFo
vaduAz BEE s $4L 4% HF

—

(o i

o
S

949 51 P, Boor® U5 o2e
FefE F oY AL Audy yEAgoEy

g obrlE Add 4HE #FEY, dREy A
olo] glojrel F8AE AASAED Lee B
A4 2 uAGYAS ol E3le YriT FHY
2 dAdgg dFste ArlF Bdy $4
& 7t E g Zdavkovieh®E 5 971%
J Fulj < o rﬂsﬂ Hed Y98 LER &
ol ol 97159 El%hﬂ Wi BHF3)
. Kostic 59 2709] A4 drigoz o

dgzol g F5H Ed2o B AFE
%t} Baughn £99& 27 & 3749 &
of g ddgd d¥¢e FPHRoY, F
% GAY Alole] AAHUAES ?6}11—‘5 S
. Meinders 402 243 2dd 4§ A%
AAF 2702 &9 LA vfAolA gFE
of &g A4iA Foj= %i)gl o oll H3}o]
dHoz sy, 25 4485 ALY 4
B8 a2 dF %6%4 ¥ loid o
okst wale ai;iz‘swn}. Boo EWE 4y

2/ otﬂ

‘

mgs.qo .

on&m[

mRm};r},Lo}ﬂ&o}ﬂd—%"l)’fﬁ;ﬂfﬂ.-\g:{oiodo
Q?LO{N

énim‘,‘..—%.ﬂ,.&lﬂ!.\_‘.o“é

A 48 FH9 FESAH ddw d4o) e
49y ATE Sl HRadge aavd 2
s B 2A B WiT Fu Ve J9F
3 7}%2& teE Asde Adde $53
At gAY S48 FAANA 478 B4 4
#5193, lock-in FGolA Aol ARGl 4

@3 FEHATE AE Wt

oY 71Ed ATEL PR &= ol
=ol 249 AdoiMe) F3AT 239 L o
FAY, € 39 s A% dgize Bk gig
77 dFelint. a2y Mg g 2
FFT T & Ae BYSN FEEY dBE A
of majg @?‘; o} 714 Bl l@ AAoltt.

et & dFdae 2 FEd ¥4 1
Ad A4y BeEeg F4etd AWbe #3549
s e E FES BAENG & 2o
o JtEg ¥r18d €32 I fEgasl
ety 2dH oz zatabgich

==

B3 -

ekl

AEFA e IA 48 FAEE, dolg AHEG,
AP IEFO, 5 2 FAY 4759 H4A
35 93 AR, 7t ERFeR F4E.
A4 AR 49 758 248 F AxE
AzE ALE FHY FHojth dFROL 27
mmx27 mm A28 Aag oz Azyg jun
(honey comb)® H-#&}ich e goleg Z ¢
dol= 117 mmxX 127 mm %375 mmZ 3t 1, ¢
T 2=E EHE7] At e KY EA
g wREt. AERd EHe 471508
99 ZvtndolE o RaEigt &7 &
A G(exit plenum)@oll o}ojo] 23VE B 8o
%ol A%Hor FUSA Z2EFE FgoH,
AAE 97159 H4A #HsE Yt AYPEE,
Ay rtolx, E}O]‘Q%EE THE oFFADE
Ad shied X8I, 2gRE ] JEE& 7
A8 BAFA sy BaEo] gk EYAE 220
& oj&sly £FVI@A dAsA FEFIAM I
Aste ATl AR AL A Y=g 3
Peov, Ad Je F20 FAEEHA GEF A
&9l

HME% AYF@A e 4+, 712 8715
& &3] st AERAdA R E f =
A cﬂ o} ¥ A 2 2| (FLUKE 2400B)Dl A
k. A d-E2FoAM LHASE A3

B

s
o Bt 1E]

Micro minometer
® YOKOGAWA WT110

@ Honey comb
@ Test section

@ Exit plenum 49 Down transformer
@ Cooling device @ FREQROL-E500
® Flexible hose @ Step motor

® Blower @ Controt PC

@ Fluke 24008 @3 CCD camera

Fig. 1 Schematic diagram of overall experimental
apparatus for forced convection



ARG e 4YAAr Abole) HASo] T ddel] HAE dF 1451

mensionless distance, n=x/d
ecentric ratio, € = y/d

D
E
A
( CD Dummy

vy
y } O o i &) Heated cylindes.---------1 E
r? ‘() Dummy
X
=19.1
§
100
(a) Top view
Pitot tube
{
— T 7
‘k Brass 5
Uniform —— % =
floy —p
‘ LPDE
2V A AN Z i
— < \ Air gaj
3 = Poly carbonite
(b) Side view

Thermocouple leader

=19.1
N

d

A Thermocouple leader

Thermocouple leader
(c) Heated cylinder

Fig. 2 Schematic diagram of test section and a
heated circular cylinder

A3 vlola 2 vl fE(FCO 12)@ AHE-31%it).
AY FEFONA TFHE 8L UAEEE
= A 2% (YOKOGAWA, WT110)@E o] &3l &3
Ak, Ado P AGe uF AYzA7]
(DOWN TRANSFORMER)[®& o] &3le] B g &
ge s,
AAE 947)1F H4X¥s 2 $F7] &= AR

DolA $F7]9 £xZ249L A E(FREQROLE 5
00)De FAFE ZAEIG EFAG. FAE 4
7% 93 QHgE AT EFADE 2UEHO,
ZEl=gold, AAFFHA 5oz FAdT.

Fig. 2= A@d%9 Hd, 54 ¢ 714 97159
AAEE Yehd 2ot AR A 7152 ALY
T28E 7159 FAFEZA 100 mmH o A
sttt AAE 37 7159 715FATH 71T FA
Abole] Azl 25 mm7t HA ARG FAH
7NEE Mg At sl AAE HEHE
715 A3 dalEe] gALSE & F IES
u3 skt

AAE 7159 FATY NEHE 47T Atold
AdgE FA449 7114v] =xd 2 AYslFod, A
2 E 3009, 35.1, 51.6 mm & AAs] T34 14
H 2 x/d=1.62~27 & WAZ} ol Zo] 7|F
Abole] Z+AE WEAZ AL JEY AFolA] 7]
o] o] fAFE 2 dHE A FF
o E3] 2314 7+784] xd=2-3 2 JF o=
T 2 ddgol 2A wake ez ddA
W ol EE JuAdge Bl x/d=3
o] Aol e A @4l 2A FaFol 9
oz mearyo] APHYA wjA 3G c)
ANEL DA 191 mm, Zo| 1165 mmE
oz 8y AeaslE, 35, AYE ZdE
AZsigel. 18z dFe JEHE 9]
o BHZ27]1%(dummy)S AA 3 ol E
H7lg 715 eE FAREY dAAHS
7] Y3t AX% Holt}h stEEH= 9%
lFutgko 2 60° 7tAo= 619 kE €4
o Z& LEWHEE EAT  JY=EE

>
-
L

N

‘ x\‘rlr%;eztomloo{n
o ox ox N, 2
&E&"‘ S

fi

pd

EI
ot ©
et

+

ob & 2 do HLooffl (% ofy

¥R oM e X

Tv“-{u: o

2

ol

NS

)

fu

oy

o

w

=

X

e
il o B B a2
T ot o T ox

FollA Ao Y FFE

TFEHEe GLEAAE(down transformer)E
olgstel FTFALE 2Asty wMsAgon, of
t d%e Y E(powermeter)S ALS

o3
dole] AYFA 3 GHFEAS ol8aie )
JHE AW F LEWMHI o5CE o

pol

o FAGE mddke Ee® A A4



1452 FHE

e =gstd AXE 715 Fdd F4A
7tEE AU d9uidd wo AYEE
52 3598 2 dFdAg R HAE
=329y, ya)y2 stFd 2FH 71T FA
g 4F 9715 49 #HAdEAZH)E Ags
Q7159 AR DR Fadse groltk X
N1E9 AAIE 9T o)$AANE FEaod H
AE yld & AANA/NEA A44e &8 &3
ot Ade] AL Tablel o] EA| a3t

.

g

2.3 AE dolee] ALt
2 AN F9 fAZ AR £ 3719
EAAE 4 (D2 2@HT L2E(film tempera-

re)ol A 9] S AT
Ty = (T, +T,)/2 (1)

A7 T, & 8 9715 38 6 A
FFLE Tt T,& AYWE FY=E 7937
o exold.

HAWF date] AALANFAN F9 §I1=
Agds Hv YRIALGe quA By A
49 4 @2 A3

Qc = Qin _Qr _Qk (2)

714 Qu(=VDE RHEFoln, Q FAl E&4,
QE Ax &S Yehdo

gdA e 2xE FHERD P4 2] W
of #dHoZRE FH2o EHAl dAgo] LA
gch B AgelA JtE4r1 T2 2E FA 9
3 dEAF Qe GEA g & e Y

g 09
Q =s.0FAy(Ti - T 6

g A (Z A E0.87), o 2EH T -
A%(=5.67x10° W/mK), T, £ 7148 97
BFLE, T,& AYYTe Lxolnh,

A oM AdE Ae diF BHRLEFE ol §
sle dAATd EAREE A W) ) A
Aratgiet.

714
E’l—

o mr £

L

>~

thc/Ah(Ts"Tin) (4)

(-CIT)
k, =Aﬁ/{1+8—x%—] (5)

e

!

Table 1 Parameters and range of experiment

Parameter Range Specifiation
Ambient temperature 255+ 0.5
Input power(Q;,) 4.5~6W
Reynolds number(Re) | 200~ 1400 I‘I:“;;“: . Of)bw
Inlet air velocity(Vi,) 0.11~0.78m/s
Eccentric ratio(¢=y/d) | 0~0.581 dimensionless
Distance(n=x/d) 1.62~2.70 dimensionless

Flow

(a) x/d=1.62

(b) ¥/d=2.70

Fig. 3 Visualized wake between upstream and
downstream cylinders (Re=200, y/d=0)
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Table 2 Experimental conditions for maximum heat

transfer
Reynolds Eccentric Dimensionless Eccentric
number ratio distance ratio
Re=200 £=0.188 7=1.62 &0.377
Re=600 £0.581 =14 &0.581
Re=1000 &0.581 17=2.70 £=0.581
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