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ABSTRACT: An experimental study was carried on the characteristics of fluid flow and heat
transfer in a fluidized bed shell-and-tube type heat exchanger with corrugated tubes. Seven
different solid particles having same volume were circulated in the tubes. The effects of vari-
ous parameters such as water flow rates, particle geometries and materials, and geometries of
corrugated tubes on relative velocities and drag coefficients were investigated. The present
work showed that the drag force coefficients of particles in the corrugated tubes were usually
lower than. those in the smooth tubes, meanwhile the relative velocities between particles and
water in the corrugated tubes were little higher than those in the smooth tubes except the

g 5 & 9
Adusta 7| A3 ey Pty

Fluid Flow in the Fluidized Bed Shell and
Tube Type Heat Exchanger with Corrugated Tubes

Soo Whan Ahn', Byung-Chang Lee’, Sung Taek Bae'
School of Mechanical & Aerospace Engineering, Gyeongsang National University,
Institute of Marine Industry, Tongyong 650-160, Korea

"Marine Engineering Dpt, Graduate School, Gyeongsang National University, Tongyong 650-160, Korea

(Received January 4, 2003; revision received April 9, 2003)

glass.

Key words: Fluidized bed heat exchanger(£8#% % @12%7)), Solid particle(Z A YA}), Cor-

—_— ey

A
Ca
D
D,
D,
D,

rugated tube(#¥ &), Drag coefficient(3 8 A=), Relative velocity( & E)

D A&9 [mf]

¢ ompE A A 4

: A% [m]

: U7, Fig.1 &% [m]

XM AA, Fig.1 32 [m]
PAYEE HE $£8 2F, 4A/P [m]

t Corresponding author

Tel.:

+82-557-640-3125; fax: +82-557-640-3128

E-mail address: swahn@gaechuk.gsnu.ac.kr

Doi

v

oL

v

[T

i

W Y g

9 WA [m]

DA % e BT WA [m]
CAA % WEY HFE AF [m]
t ¥ ¥0l, (D,—Dy)/2 [m]
BRI F Aol e/Dy,

: %3 [N]

: A8 [N]

%8 [N]

D32 E [m/s7]

D gAgAS [W/mK]

29, B [m]

t x4 &9, P/D,



sty

Pr : Prandtl &, v/a

Re : Reynolds 4=, UL/v

Re; : 2AYA 3 do)z24, (uyDy)/v
U ' fF4%=% [m/s]

U, 4d&%x, U~ U, [m/s]

U, @ 434 = [m/s]

azlA 2%

6 :JX2Z, tan "NxD,/NP)

6" :6/9%
v ERRAASF [m¥s]
1.4 2

Fu#E79 2 Y(fouling) S AAAIFI7] Y35t
7] W FE AYFNE dAsAY A
At cBFEF duB) Y 2L FAE o4
g1 g QAR AJIFFAN FHEE o
S g4AI AAY £ Ye YAE WAty &S
T3 Ea@re #HI 1E2HA AN g 3
H HdAY A RZo2 QY £RFEZ I
W77 g eARA HEHA Fn Y
o 855 E da@drd A 200 xm oEe A
7 " &(micro-sized) At ¢&o] Ao v
A& 9% Bowen and Epstein,” Basu and
Nag,m Sjollema and Busscher,(:” 83 Ado-
meit and Renz¥ol 9& 7=t Basu and
Nag®e o445, 2AYR §3 2AYA 27)
9 W did =AY Fd3 duozrEe
FHYL PRE(suspension)e] H]Fo) H &3}y,
IAYA fFrFe] AT HHAME FEETE
S/ QAL ES 228 BAY. Adomeit
and Renz¥e GHAFAAN Yatol o)jazn #w
HEe) #8 axHoz sty AYx|e) wa
FHch 2 AFH FAFF FAESFE YA}
EHE7) FHOR AYHE Hgo] ZAYS B
Atk ole FARZFol FHEAE wadAst

Ho g Aese v go] F71¥ Aolg}
et FAaE e d3E Bk a3
7] B HFE nagdate] Rae

&9 H5ad%) AREANog Fiye 3

FF AT o8 Zz d7d v U

ol & K orfr K
g
El

fac)
g
14
XN
30
rir
ey
ol
do
oft
ol
e

BOY 938 WY $A4E 407

#E7] W A7) 2mm oAU Yzt A&
c¥FES duEgr|d B8 AF+E Hatch and
Weth,” Rautenbach and Kollbach,® Kollbach
et al,® Tianging,"” =282 Kim and Lee™dj
os s Hch Hatch and Weth”E A&
THRFTZT AV E Bol AHEsE EoFd #
F& o] &% 2% X (desalination system), Rau-
tenbach and Kollbach®E #H4x2gx 4=
4% 78 2% PaAot Kolbach et al¥e
1389 dgd Yatsed @ dAGASH o
APERE 282 282 Kim and Lee™
£ A7%°] 30mmsl FHYAE oj_F £3H
% Ga@rd #AF ATE PaiYt 1 A
fF&ol 1.0m/s ot YA g As
£ 7M7Y 10m/s ol M e dAZAS9
dH%ste nAYRE HAsA e A9 A
9 ZASE HAY old dhaf AhMoly AZ
FA e dA NxAZE AFsE AL &
5% dagrld #F AFE Lee et al,"?
Kim et al,"? &2 Chun et al™o] s &3}
oz v} 9t}

A9 dAFEL Hx9 dAYEA(heat trans-
fer enhancement) ZX7} Qi+ oj¥d YA}
ARAEE 7 wEFEE dugrld a8 4
Toln, YAdgd el yMEHe] SAgEAH
& o] 8% FHATE dEEd B AR
€ A9 2ad uwrt gle Aoz Azgr)

2 AT E Wi dAGE5ARoE 2F 9
W4 51 8 B (spirally corrugated tube)S A3 9
EFoEY 8753 9u@ridA Ao 20mm
ol 4d & 1%, 4FuF 2F, 7¥ 1F, 24
A2 2%, a8xn 2 1FQ 73F 1AYA
d &g st AFoeRE JHASG AU
EE 5339 A dA) £ RHFZ 9ug)
Az WRF 7|2ABE AFsnA TPk B
AEH 479 &A= B8 A &g
2. MEFEx R gty

Fig. 12 Agie 59 Frd dgd FAxo
o Fig.2& 7M 3 2493 942 488 544
g & de B A7 24823 NS AAR
Folth Alg2e] FolE 705mmeol A(shell)d
A7 L& 80.4mm, HH(tubes)d AAL 142mm



408 deg -

Bore (De- Db)/2

D@

Fig. 1 Volumetric diameter of a corrugated tube.
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Table 1 Test matrix for visualization measure-

ments

Inner tube (unit : mm)

Ds Dvi Dw P N e‘ P‘ 0.

So 158142158 ,
T,|158(1388/1548| 7 | 1 0.045/045|091
T, |158(1397/1557| 10 | 1 [0.045/0.64|089

D, : Original smooth tube diameter

D,; : Volume-based grooved tube inner diameter
D,, : Volume-based grooved tube outer diameter
P : Flute or corrugation pitch

N

S

: Number of flute or corrugation starts
: Smooth tube

T}.,: Spirally corrugated tube
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Fig. 2 Schematic diagram of experimental setup.
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Table 2 Details of particles in fluidized bed

Classification| Material |Geometry Dimension
Case (A) | glass bead 3mm@
Case (B) Al |cylinder| 2mm@, 45 mmL
Case (C) Al |cylinder{ 3mm®, 2mmL

Case (D) steel |cylinder| 2mm®, 4.5 mmL
Case (E) steel | cylinder {25 mm@, 2.88 mmL
Case (F) Cu |cylinder {25 mm®, 2.88 mmL

Case (G) | sand | grain 3mmo
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