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ABSTRACT

The fluidization characteristics of the furan foundry sand fluidized bed and the
heat transfer characteristics on a single spiral coil tube in the bed have been inves-
tigated. o

In the paper, the heat transfer coefficients for a single spiral coil tube are measured
in the furan foundry sand bed as a function of the ratio of heated coil tube pitch to
diameter (p/Do) and the ratio of heated coil tube pitch to particle size(p/dp).

The experimental results are as follows.

1) Mean heat transfer coefficients increases according to the increasing ratio of

heated coil tube pitch to diameter(p/Do).

2) The increasing rates of mean Nusselt numbers are more greater in the case of p/

Do=1, 58 than p/Do=4, 75,
3) Mean Nusselt number can be expressed by the following equation,
Nugean=C Re™ Prs>*(p/dp)".

NOMENCLATURE

Ao  heat transfer surface area of cooling tube (m?

Cor . specific heat of water (J/kg °C)

Cog - specific heat of gas(J/kg °C)

D1 ! inside diameter of heat transfer tube (m)

C. . logarithmic mean diameter (m)

Co : outside diameter of heat transfer tube(m)

dp : particle diameter(m)

g ' acceleration of gravity (m/sec?)

he : convective heat transfer coefficient(W/m? °C)

hg. ' gas convective heat transfer coefficient(W/m? °C)

h; ! heat transfer coefficient between tube and water (W/m? °C)
ho : heat transfer coefficient between bed and tube(W/m? °C)
hp. ' particle convective heat transfer coefficient(W/m? °C)

h, ' radiative heat transfer coefficient(W/m? °C)

k: : conductivity of water(W/m °C) |

L ! length of heat transfer tube(m)

M, : density ratiol (op— 01) / 0c)
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M. : flow rate of water through heat transfer tube(kg/sec)
tm . average temperature at inside and outside tube(°C)
Uo : overall heat transfer coefficient (W/m? °C)

Xw . wall thickness at inside and outside tube(m)

U : velocity of gas(m/sec)

U; : velocity of water(m/sec)
GREEK LETTERS

AT : temperature difference of cooling water(°C)
ATy . logarithmic mean temperature difference(°C)
¢ viscosity of gas(N s/m?)

- viscosity of watér(N s/m?)

po: . density of water (kg/m?)

og . density of gas(kg/m?®)

0p . density of particle(kg/m?)
DIMENSIONLESS PARAMETERS

Ar : Archimedes number (dp’0e(0p— 0e) 8/ 12)

Re : Reynolds number for particle {pg U dp/ )

Re; : Reynolds number for water [p; Us Di/ g4

Pr : Prandtl number of water (Cps z4/k¢)

Pr, . Prandtl number of gas (C,g 1¢/kg)

Nu : Nusselt number (Nu=ho dp/kg Nugc=hg. dp/kg)
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29 Pitch & F7F 9 v (p/Do)7} 1.58,
2.37, 3.17 2 4,754 weo} HLEH9
Pitch &} F&dx =719 W] (p/dp)7} 21.
25, 25.15, 30.18 ¥ 35, 934w FH G
e 4% AFH 2 AT,

E Agd AlgE F8
Blower(Table 2.1), Electric heater(Fig, 2,
1), ®%35(Fig. 2.2) 2zl &FA #FA
ToE2 FAHA UH.

FE3Y Fxe 7837 dojves FE
(#210xH430x3T), Freeboard ($290xH365x2
T), Air chamber($306x200Lx6.4T), Air
+ = 3 (480x400L) 17 1
(Pitch 6mm, 912ea-¢1,
AZsg om, Air TFZ X = Blower ol A

Distributor

Gypsua board 4t

Tabel 2.1 Blower specification

, Capacity | Static Pressure | Power
QTY (m*/min)| (mmAq) RFM (kW)
1 40 500 3250 | 7.5

A2 ZA=

MEg 2.07%) 2

ALAANNAANNN

2 3o Air flow meter(YS
A A Air chamber & FUEHA

surge tank &
-500R) &
8kt

Electric heater = ¢250x5T 2] STS304 =Y
AR casing & A& €58 9 FA4
A= E 3l on, Siliconit(A-12-8A) A
A o] 2kwxdea & Heater & WHAIA A&
o wag exAA &Yed FRAESE
&ttt

S =olzxt= Furan foundry sand & K.S
HZ A2 Sieve shaker & 30 B4 ZEFA
#A AFstR ™, Furan foundry sand Q] =}
BY¥E Table 2,2, 243 A" HE
B8 Table 2,33 Zrh

Ceraalo packing 3t

!’ /

Mr <) "‘""‘"E’

(hy
T4
0
S 450

A

Stlilconlt{A-12-8A)1ea /

\‘ Coranfo Ilml{léllm_l*

\

Fig. 2.1. Details of electrio heater
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Fig. 2.2. Details of fiuidized bed

Tabel 2.2 Particle size distribution of
furan foundry sand
Particle size (#um)| Weight (g) %
250 8. 67 1.43

355-420 216, 15 35. 60
420-500 152. 28 25. 08
500-600 140 72 23.18
600-710 32.05 2. 28
710-850 2. 00 0.33
' Total 607. 16 100. 00

o6

Tabel 2.3 Spiral coil tube

lCoil No Size [Pitch(mm)| p/Do | Remark
KSD 5301 0D 9.%m
o | | 30,18 3.17 .
3 r | 22.63 | 2.37 )
4 | v |1500| 158 |

2-2, Alguy

SEZY ¥ = 75°C, 100°C, 150°C ¥

200°C &2 YAIA o2 Electric heater &

A
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2o mAE g FALoZ e
o, FEYA7L 420um oA p/Do=1,58

d WHT p/Do=4,74¢ w7} AQaAE=

2F 46 %, 500um oAl 2k 49 %, 600um ol
Al 9F 43%, 710pm oA F 409% 2+ =
e Aoz HAHY.

-

dp: 710=

QQOQC (p/Do=4.75)
RICE (ps/Do=3.17)
4 28288 (p/00=2, 37)
""" (psDo=1. 38)

Q
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Re

Fig. 3.4. Comparision of the mean heat transfer
coefficients at the particle size of 710
pm for the various p/Do.
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Fig. 3.1. Comparision of the mean heat transfer
coefficients at the particle size of 420
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Fig. 3.2. Comparision of the mean heat transfer

coefficients at the particle size of 500
zm for the various p/Do.
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Fig. 3.8. Correlation of the mean Nusselt num-
bher on the p/Do=4.75 for various
particle sizes.
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Fig. 3.5. Correlation of the mean Nusseit num-
ber on the p/Do=158 for various

particle sizes.
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Fig. 3.6. Correlation of the mean Nusselt num-
ber on the p/Do=2.37 for various
particle sizes. |
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Fig. 3.7. Correlation of the mean Nusselt num-
ber on the p/Do=3.17 for various
particie sizes.
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p/Do=1,58 ¢ uj
Numean=1. 1844 Rel? Pl'go'4 (p/dp) —0.31

p/Do=2,37¢ W
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Numean=1. 1486 Re"* PI‘gO'4 (p/dp) ~0.05
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Experiments have been conducted to measure the heat transfer coefficient and
pressure drop in fluidized bed double pope heat exchangers with smooth tube and
longitudinal finned tube. The effect of particle size (alumina beads; do=0.41, 0.54, 0.
65, 0.77 mm) and static bed height on the heat transfer coefficient has been evaluated
in terms of pumping power. The heat transfer coefficient for the smooth tube and finned
tube heat exchangers has been compared with single phase double pipe heat exchanger.

Results show that the heat transfer coefficients for the finned tube in 2.96~ 3.45 times
higher than the smooth tube.

The heat transfer coefficients for the fluidized bed heat exchanger is higher than the
single phase heat exchanger for the most of pumping power range tested. The maximum

increase 1n the heat transfer coefficient for fluidized bed is 91.3 % for the smooth tube
and 127.1 % for the finned tube.

“Fluidization and Heat Transfer Characteristics in the
Fluidized Bed(II)”

Park, Jong-Suen* - Baek, Ko-Kil** - Kim, Yeun-Young*** - Jeon,

Sung-Taek***

*Korea Atomic Energy Research Institute
** Taejon University of Technology

*¥** Incheon Junior College

The fluidization characteristics of the furan foundry sand fluidized bed and the
heat transfer characteristics on a single spiral coil tube in the bed have been inves-
tigated.

In the paper, the heat transfer coefficients for a single spiral coil tube are measured

in the furan foundry sand bed as a function of the ratio of heated coil tube pitch to |

diameter (p/Do) and the ratio of heated coil tube pitch to particle size(p/dp).
“The experimental results are as follows.
1) Mean heat transfer coefficients increases according to the increasing ratio of
heated coil tube pitch to diameter(p/Do).

2) The increasing rates of mean Nusselt numbers are more greater in the case of p/
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Do=1, 58 than p/Do=4, 79,
3) Mean Nusselt number can be expressed by the following equation,
Nupean=C Re™ PrSOA (p/dp) "

A Study on the Atmospheric Clearness of Major Cities

in Korea

Jo, Dok-Ki - Kim, Eun-Ill - Lee, Tae-Kyu - Park, Kyung-Ho -
Chun, I1-Soo - Jeon, Hong-Seok - Auh, Chung-Moo

Kovea Institute of Energy Resources

Since the atmospheric clearness index is main factor for evaluating atmosphere
circumstance, it is necessary to estimate its characteristics all over the cities in Korea.
We have began collecting clearness index data since 1982 at 16 different cities and
considerable effort has been made for constructing a standard value from measured
data at each city.
The new clearness index data will be extensively used by evaluating atmospheric
circumstance analysies as well as by solar application system designer or users.
From the results, we can conclude that
1) Yearly mean 63 % of the atmospheric clearness index was evaluated for clear day
all voer 16 cities in Korea. |
2) Atmospheric clearness index of spring and summer were 63 % and 64 % and for fall
and winter their values wre 61 % and 59 % respectively. So, spring and summer were
higher, and fall and winter were lower then the yearly value.
3) A significant difference of atomospheric clearness index is observed between 1982
~ 1987 and 1988~ 1993 through 16 different cities in Korea.

Convective Heat Transfer in a Channel with an Isothermal
Rectangular Beam

Kwon, Sun-Sok* - Ree, Jae-Shin
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