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F,.=—+ 0.8

Pi- en n (e<08)

T~ 2 - 1l 2
Foi=gCo'Pr8 (u—vlu—v‘d (e>0.8)
Cy'=e"%C, Cp= ;4 (1+ 0.15 Re°687) (Re <1000)
C. —0.44 (Re > 1000) INR-B y:L?I'\‘yFCTEI%jJE%T)MI:
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kBaS|c Equations for Simulation I Soft Sphere Model




Energy balance

Gas phase :
3(5 Tg) 3(5 uiTg) 1
+ =
ot 0X, 0,Cpg ot
Particle :

Vpcp,ppp% = Rp(' M)'m(Tp 'Tg)s

6(1- ¢) P
= hi{T -T heat transfer :
Q, ] < p( 0 g)> coafficient h, external gas film

p L] L] .
E
R, = kexp (ﬁ) WP (Is different for each particle)
p

1
Nu=2.0+0.6Pr3 Rep; (Ranz-Marshall equation)

Nu=hd, /k, Pr=c u/k, Re =lu-vigod /gy

Gas phase olefin polymerization (Kaneko et al, 1999)



Ethylene
polymerization

d =1.0mm

p =717kg/m?3

Py =20. 44kg/m?3

Up=0.303m/s

Number of particles
=14,000

et —

Particle temp. Gas temp.

Gas phase olefin polymerization (Kaneko et al, 1999)



Particle circulation

(artificially generated by feeding gas nonuniformly from distributor nozzles)

203 t=9.1 sec t=6.0 sec t=8.2 sec
B323
(120°C)

~343

i
T[K]Z(gg°c) ﬁ ﬁ ﬁ ﬁ ﬁ 2u 2u

3u,; 3u.. 3u. 2.9Up, 2.9Up,
_ 9.3u,,
Ethylene polymerization 15.7u
Number of particles=14000
Gas inlet temp =293 K | Hot spot tem perature ]
0™ mf

Gas phase olefin polymerization (Kaneko et al, 1999)



DEM f a Lb—¥ 3 U#EE(Rong&Horio, 1999)
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2 85 Tp=850TC ——— heat transfer through
' = HHE the sandwiched gas film
Te=850T radiation 2 b 9
a b c dp=1mm etween contacting
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oo Y ! Uo=1.2m/s ° (5.8%)
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e heat transfer
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Relatlonsh|p between char temperature Tb=850 C, Tro=25 C, dp=1mm, uo=1.2 m/s, 6=0.1dp, t=0.26s
and gas temperature / oxygen concentration Fraction of particle-particle heat transfer in the total heat transfer
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Combustion /Combustion of Small Char

(a) t=1.432 s (b) t=2.722 s

(c) t=4.618 s

Snapshots of fluidization (simulation results)

Rong-Horio 1999




DEM Simulation Result ( Morikawa et al.,2003.)

K [M/m] = 800.0000
- Ud [mfsl = 1.002173
TIME [¢] = 2.5864377E-0:

()

e, I Air at
| ~ lsuperficial velocity, V[m/s]

Fig. 1 Fluidized bed with immersed heat exchanger tube
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Combustion /Combustion of Small Char

a b C
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Relationship between char temperature
and gas temperature / oxygen concentration

J/

Rong-Horio 1999
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(1) EfhEEHRETIL

[Qct =Acont Nm(Thigh=Tiow) ]

Bl Is 0 & AR EMEIRE (L/h,) DR R
(Tomimura et al., 2000 ), (Zhang et al., 2002)

h =12p %4 (Ra=1.1um)
— 8pmo'3 (RA:22Mm)



(1) =B ERZ7EE L - EAEZ
132 '/(Rong:amo (1999)

~ i
S, B
S, B
S .
K
K i B .
. 0 8 B
N . g B
s .. Lo o
. 2, L e
~ .. . K
g .. . o
N, .. -
. J - i
o .~ . L,
. .~ L. R
) eee.ieesessesmesstescsaaan,, o .
e aesmennet T e, o Lo
.. oL el el
., > e ceaeaeeee e o
e o
Lo =T eeseeemmse et < .
] Y oA PRAEY. @ N
. . QAT easmen" .. o,
. . s e, .,
44 .. .
vt .~ .,
0 - " .
. o~ P .. ~
e . iN
. = n .. N
- C 0 t * *,
0 9 * oY
.. ,
0
0
s,
0
0
0
S,
.

. ' h '
with Acont B Acont

0.01

Qct [W]

0001 L Thermal contact resistance
(hm=4.0kW/m°K, Ra=1.1um)

0.0001 ———
0

50 100 150 200 250
Temperature [°C]

SHOLRLTORERELZET 2

CElckY ., EREICHE TS SAEEH

K. Kuwagi, H. Hirno and T. Takami, JP J. Heat and Mass Transfer, Vol.1, (2007) pp.49-61
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video camera

Guard rail (acrylic) L

A
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’4_[ Compressor}
track (acrylic)
D.C. supply % —

0.25 [m]
/_
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N

= -:: LAN connection
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High speed 7/ \

digital multimeter

Digital Multimeter
Model: 34410A (Agilent)
Sampling interval: 20us




HERF 1

BRKDEE (SUS304) : d, [m] [0.0191

B=: mlkg] 2.82 %1072
LeE - ¢ [J/kg.K] 0.5x 103

R7Y UL v 0.305

Y& E[GPa) 184.365 at 150°C
MERFRE : T[C] 150

EIINEE - V [V] 6.0

ETZEEE : v, [m/s] 1.69, 2.02, 2.25
REA S : Ra[um] 3.56, 4.55, 4.77
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0.2

. Experiment
z o Vc=1.69m/s
— Vc=2.02m/s

| Vc=2.25m/s

% 50 100 B0 T 200 20

8- Calculation
= s
= . :2.94[5mvc]
o 2_ collision v, Sy

- 20
Time [ps]
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v.=1.6m/s

RA=3.56um
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“Time [ms]
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EER(Q2) L— Y EMEE IS HEMER 7 DERE

% R=86.5um (Hertz theory)
R=414um (Hertz theory+Roughness)
40
_ R=400um
c 20p
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800um
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Q.ony. PY Ranz &Marshall(1952) 1
{Qm =h,4,(T,-T,)  Nu,=2.0+0.6Re’Pr’
B Nuplg
=
Q.ony. BY B 5 (1987) 7
(0 =qA Nu = qd [ (6, - 6,)
0.25 0.75
Nu=2+0.66C(PH)™ Ra"™ " Tz "
1 C(Pr) = ill s
& 2.4+ 49Pr’+5Pr
(Ra={gf(6,-6,)d*p"[u*|Pr

Qcont. @Nd Q.4 Y Rong &Horio(1999)
T (A)-T,(B) Y /
(l,,<d) Q. :_ﬂ“g : P—1o ﬂ(rSIn,B) /
P 4.0x10 o 2727'8'”9 _ Ll 0.4nm
A (T (A)-T,(B d(rsin'd
(L -T) [} 20 i)



EER1: IGEVAITE

thermal
Insulator

Force, F [N]

Force gauge

T.C.
X - EEARR R ERER

Heated particle\A

Qov

Qcy

Cooler particle

X : =EETIL



EER2: BiAIE

electrical
Insulator

Force, F [N]

Force gauge

4 - - )
Digital
@ | Imultimeter DC supply
(Tl |BIBT L
Qoo

Regulated DC Power Supply
FSRILTILTF A—E X : DPS-1012M (ARGUS)

FI3: AD7461A (ADVANTEST) REBENE: 6V

YT RE: 50us
H2 )5 #: 1000[H]
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Fig. 7 Temperature distribution at Th

197.1°C



