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An Experimental Study on Heat Transfer Performance of Heating Medium Oil
Fluidized Bed Heat Exchanger
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Abstract The heat transfer performance of heating medium oil fluidized bed heat exchanger was measured. The operation
variables were air flow rate, air inlet temperature, moisture content, water flow rate and water inlet temperature. The outside
heat transfer coefficient was determined from the heat exchanger experiment and its experimental correlation was determined
as a function of air velocity and viscosity of heating medium oil. Effect of viscosity was well agreed with the previous
studies. Errors of the correlation equation was less than about 10% for outside heat transfer coefficient developed in this
study when compared with the measured value. Hot water with the temperature greater than 77°C could be produced by

using the heating medium oil fluidized bed heat exchanger.
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Fig. 1 Experimental apparatus of heating medium oil
fluidized bed heat exchanger.
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Fig. 3 Effect of air inlet temperature.

Fig. 2 Effect of air flow rate on heat exchanger performance.

(© SAREK

148



250 . . T r r 2500
Q o e \*\7771\”7“'
~_ 200 .—.\l\k\* 2000 ~
£ g
s N
2 >
= 150 4 - 1500
o S
8 2
A—a A L, 000,
& 100+ 1000 2
|2 £
S 50 —=—total h.t. coeff. || 5o, S
= —e— outside h. t. coeff. c
8 —a— heat transfer rate
c 0 0

K T 3 T z T T T T T T
000 002 004 006 008 010 012
air moisture content (kg/kg)

Fig. 4 Effect of air inlet moisture content.

714 TEE7F 0.029 kegke~0.098 kegkge! 7-9-9,
w3 AL, T2 AGAF 2 o] "ddA G
3}= Fig. 40 YERRQIT) o] A%, AdZa ALA S
Hl A AAG3HA A=, o3-S FE
A elg7] ve] 5719 SEATe] gi7] Wikl

FEE0] 0.1 tow/hr~0.3 ton/hre] W $Joll A
v A9 dugr)e] A5 WstE Fig 59
Atk o] A%, FEfEel weEl, ddge] ozt
7tahH, olo] wmel F& AIAAFIE S A

W Zo] g5 ¥

20 B ol

i
~
)
L
e
i
=
Lo
g o

of\

e

E

1% Ny

R i)

18 N oy £ o

=L o [o

Adugr e dEdsS 543 23E Fig 60 UE
Ylch 227t S/ 4%, algriete] *= A}
o7} HAstE R HdE®Fo] fHAshs Ao ®E UERT
a3 F2 AGAT e AEAGTE A e

250 —_— 2500

Né 200 2000 ~
S =
< 150 1500
£ 0 e
q) —
3 2
+ 100 1000 2
< S
@ =
© —=— total h. t. coeff. ©
S 501 . 500 §
= —e— outside h. t. coeff. 2
° —a— heat transfer rate

< 0 T T T 0

0 20 40 60 80

water inlet temp. (°C)
Fig. 6 Effect of water inlet temperature.

(© SAREK

250 T T T 2500
Q «— o ————
< 200+ ././/4’4 L2000 ~
£ 2
< 150 1500 &
> g
: 5
o ‘®
5 1001 oA L1000 &
D £
S 5. —=— total h.t.coeff. 500 ®
=] . o)
- —e— outside h.t.coeff. <
8 —a— heat transfer rate
< 0 T T T T T T 0
0.0 0.1 0.2 0.3 04

water flowrate (m3/hr)
Fig. 5 Effect of water flow rate.

~N
I
=
o
offl
of\
=2
>
1o
SE,
td
w,
[
gt
2
=

4 &

i
32
v
e
2
i pe
o
o2
0%t
o
o 2
212 {o dr B 3 o n@ o ot % fff 52

=)
> o

oft = 1o o
o

ol
o re

2

H

N

re

N
27w
i 5
oX,

s
ki

-4
lo,
12 o
2 N
z <
At
O
:‘ X
<
ofN 24 N

oM, S ‘E 5

do % o
of OE o ﬁ

Ho

Ab

=

1

i

r -

%

oY fo

Sz

oN 2

X8 ol

ol _>L
- o_ff rlr

o
¥
)
o
N,
ol\
)
ﬁOL
rir
po
o
oy
s
=
i)
]
X O

o <

7ol utet, o 77}
A7)k F7ksted, AAAFT
250749 AR E Fatel, d7
Joll A o] AT 022491
O 9] AR AR, W)
M3l H9I7E Ahoba) G Aol
e Ao peky Ak
QA f FETO) eEE 7
grom Fig. 7949} o]
QA F freTe] Lwet HErt
= ek & Age) da+

o MY 10 o O [}

al

=
Y
Lo
N
oX
1o

ol

Q
N
N

ot

M b
ot ot

EE“
s
o

il

2 o O offe 2 Iy N oftt N rfo
st
2,

A
=

3

2

ko)
32
o

rolt e,
Lo
o
o

2 g o
iy
IS

of rQ oot Ml kI ro
[o]
o

z{l A
+r 2

b

x

3
rx do [U 20
e oft 2 1 rfo

¥ ol & rlo 1

SANilieA

!
1At Fig. 8ol dvjA]fro] &k wE Hxe] ¥
g5 Jepdh 359 TeEE oF 36T~74T WS
oA Wstet. AujAlf fFE5Fe 2EE 65T~89T
Helo A stk

o] A% dufjA|fre] HAEE 0.0115 kg/m s~ 0.00652
kg/m s HeolA A W3}

X

149



—. 150 T

g —e—Thed

o5 —a—viscosity

a0

= ——Two "\\‘

=, 100

= \\ -—
» P o _+
s -

& 50 o

—_ +«

5

[=1

E o

X

- 0 20 40 60 80

waterinlet temp. (°C)
Fig. 7 Variation of water outlet and bed temperatures
and viscosity with water inlet temperature.

200
¥
c .
=
Z 200 o
_:D
]
4
5 100
w
o
[H)
£

0

0 100 200 300

calculated h, (W/mZ2K)
Fig. 9 Comparison between calculated and measured
outside heat transfer coefficient.

¥ el AuiAR fE5F Awds)olA el
AaAFE 72 71550 dolalfel 2w o
A W AR AP ol A4 e
shel, 347iel 4@ xNA 0] Bl AAAF 57
gozvE Ae0 dgHon EEa,

ho =172.0 I/(LO.378 u{;g.‘)??& (6)

A9 ARAL ALgeted A B AAAS
o AGAT APL Boho] SAH el AAAFE
v ske] Fig. 9] YFERNIATE Fig. 9ol41 2, 39]
AGATY HPexs= 11.7%0)H, BHF 2= 3.03%
olty. AriAF 5% gyl #e] AdA
= oF 190 W/m'K~240 Wm'Ke] ¥ 9]2l Aoz e
ok

A A G FE5Z Qudr)e B ALAFE &
Tool QAT fls Ao dubl FAe] da
7oA o] o] AAAFRT Ao Z A Ve

st

150

0.015

0.01

¥

0.005

viscosity (kg/ms)

0

40 60 80 100
heating oil bed temp. (°C)
Fig. 8 Variation of heating medium oil viscosity with
temperature.

2000

1500

1000

500

measured heat transfer (watt)

0 500 1000 1500 2000
calculated heat transfer(watt)
Fig. 10 Comparison between calculated and measured
heat transfer rate.

7 Fig. 10 HlaLste] YERH AT Fig. 10914

of AlA & SAHF Aol A= 10.5%°]1H,

2= 2.73%% o= YERT

Aol AdAy BAoA F7|FHa BHF

Aol 2183 B8~ FAe AdEE 5o F

7%, 5719 A% 1%°lth. 37 4 B9 2=
AUE AHEsielen, AdEs 0.05Co

o] HEAFe EgdEE 2

of, 12 me
ot ofit
Lo

to

)

1l

30 2 od o 1o
L gloo g

N
Y
r

2
Bt
Lo

QoA FE
o, o 77T &
Hajol, w9 A

fu ol
ol
ol

SRR
o i od e
o & o
32 1
o :_" S
1z

o
w
ol

ol T fo, fo

OO

o%

lo

N

i

(e}

2
24
o 2

N

1o

offt

ne
ot

Y



7

o

2 ATE 20149 % AP SRR Ao s
ol %] 7] 4% 7} A (KETEP) 0] A4S kol =3 &t
T A1 9 1 tH(No0.20142020102680).

re o

References

1. Kim, D. K., Park, S. I, Kim, H. D,, and Lee, S. K., 2001,
A study on the heat recovery from boiler exhaust gas
with multi-stage water-fluidized-bed heat exchanger, Trans.
Korean Soc. Mech. Eng. B, Vol. 25, No. 12, pp. 1776-
1783.

2. Kim, S. D. and Kang, Y., 1997, Heat and mass transfer

(© SAREK

in three-phase fluidized-bed reactors-an overview, Che-
mical. Engineering. Science, Vol. 52, No. 21-22, pp.
3639-3660.

. Molytherm heat transfer oil product catalog, MolyTech

co., LTD.

. Holman, J. P., 1972, Heat transfer, International Student

Edition.

. Baker, C. G. J., Armstrong, E. R., and Bergougnou, M.

A., 1978, Heat transfer in three-phase fluidized beds,
Powder Technol., Vol. 21, pp. 195-204.

. Kim, S. D. and Laurent, A., 1991, The state of knowledge

on heat transfer in three-phase fluidized beds, Interna-
tional Chemical Engineering, Vol. 31, No. 2, pp. 284-
302.





