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Particle Movements and Heat Transfer in a Gas Fluidized Bed

Dong Sup Doh

College of Science and Engineering, Korea University

Abstract

The movements of silica-alumina particles in a gas fluidized bed of 28cm I.D. were studied with

a modified thermistor probe. The probe developed in this study was found to be able to measure the

mass velocity and direction of particle flow in a fluidized bed.

Pasticles m

oved upwards near the center of the bed and downwards near the wall. The magnitude

of the mass velocity and the cross-sectional area through which the particles move upwards increased

with increasing air velocity and position from the bed support.

The profiles of heat transfer coefficient between the surface of a small heating element and the

bed were found to be very similar to those of particle velocity, which explains that the heat is trans-

fered mainly by the movements of solid particles and the effect of fluid is minor.
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Fig.1 Diagram of Fluidization Equipment
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Table 1. Physical Properties of Silica-Alumina

Particles
Mean Particle Diameter 0.639 mm
True Particle Density 2.0g/cc
Bulk Density 0.58 g/cc
Shape angular

Minimum Fluidization Veclocity 3.5 cm/sec

BAaEEe] FEMS Y RS el 2 mm, Zo]
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Hel ik, o9 pAES HEMEEEL &% Fig. 29
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Table 2. Glass Thermistor Specifications

Type CS-252k, TOA Flect. Co.
Resistance, at 25°C 2800 chm
Aluminum
tube

100cm

@
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Fig.2 Drawing of Thermistor Probe

Temp. Coeff. of Resistance —2.9 %/°C
2600 °k
200 °C

B-constant
Max. Permissible Temp.
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Fig.4 Thermistor Probe Calibration Curve

5o} bridge EE%e] Hibe (WHEel 5Bl ERH
7 & Zlelch, kTS EBJiEe) Fig 29 ()FA
g = Hel KT GRS ol sk {H#el

J.KIChE, Vol.8 No.1, Mar. 1970

Zx 7, Fig.4olA EE#EESF 0.3g/cm?® sec Ll o]
A= =] BEMEST scale readingd] v A& P

o] frFol Mol ¥ Z ZAze] Mo} S HEMR



28

2 0.1g/cm’sect HHEZ AL 95cm/sec, vhatA
0.3 g/cm? - secE 285 cm/seco] FHEE L Aol
olFA & TR FEE FHEBS ZBEACdE £E ~~BN

> oL \D A
3_]"—( T f\n O\

{ — o

? 101 & Ax \ \\\

- ’

Z. om

G. y/cm? sec
—:;\
\O\

\
[
I
w
7
L L
\
O
1}
/°
=
o
Y
g o
g
a_ -
v
/
A
ys.

J}‘/ Z=20cm l\ o (o] 5 ’
o<} C _ oo 15
é‘ KEY| U. cm/sec ’ . \gg —-10r o 20
o oo e | 4
-10 o 60 I
- H [ H <D
A 75
a 9.0 t
H A 1 l —1 i
L ! L 1 t . -4 —1u -5 0 5 10 14.
—-14 -10 -5 0 5 10 14

RADIAL DISTANCE, cm
Fig.5-¢ Radial Profiles for Different Positions
from Gas Distributor with Very Law
Air Velocity

RADIAL DISTANCE, c¢m

Fig.5-a Radial Profiles for Different
Superficial Air Velocities

frl-fE 28 emé] (HEE Il Al probed 42 'ﬁ;—:’jﬂﬂ o=z
e AT 370w A Probed| FHRAAYHS friEsh 2mel

oy ’,3 R i é\ WS &4 4 F Behe] WES FT Fig. 5.5, 5b,

[ o—-o\ oA,
% |; \—/ ° \\ o & ) i
5 ° \ agel A 2E uhsh ghol EHHIES ]S e i
= o U=9.0 emisec @ o B(Fig.5-0)F A4S E HFES A E
¢ ” | [Fe] z e 5 LAAEE S SRS AE TS 9 992
T L a | ek wm@ LR Y T R 279,
ey o2 BT ERRS 2% mRS EES SR AR
z | Bl gl sl @e f@bns}lﬁ, Behoeld 5
; L . I ) Abolo] FhRZEHHT(REH RS Z 7 oem Fske] (1F)
~ 11 =1 -5 4 5 10 14

ol A HindKEEe HXEE "1"3"‘14- 202
e _J T ,,
Fig.5-b Radial Profiles for Different A kel Un (RESES PRI =

Positions from Gas Distributor o & 5H(Fig. 5-0)o) &= HFe] —F3Z flow pattern
o] gz EHAY EA BER glo] &KiEst RS
AARZ, FEERAA M W ERERHS e A y GJ, Ll-r,} L;J;Ljﬁé;}t—ﬁ/’o:] or
2 o fRE ERY ¢ dE B£Ee NTE R A wn e
Gtz glovuy, FFRAmETH KRl e o
= HTY HEL TSE 0.002~0. 004 FREEO] £l U9
weta] HEEZ AEERY BEEEES calibrations

RADIAL DISTANCE, cm

;9 o [o

AR

© Fig. 49 B@S @R e aEEEE SRS WOl P AT A
3 WERER U BR o] EpEEe] et vl E-o] Iz Yot o) F9 E

> S EEEE SEAA Bl BEE kol Wy] el miumme] s

D # < : (iES) WS MYEoE S o & e B

Frel BB LRFRGME #HEstr) Bt

2 g,

BEtEs s H1& 1970 38



a) TEFES ¥ : Fig.6-a o4 B ulg} 7lo]

TREES EXATHEE U/Ur2 FRstz BEH
EE 29 T Gz £retd Gz U/U,r9 1.5
ol HBiste] TS ¢ 4 et

b) MAEEMESR #E : Fig. 6-bol4 3 wiol 7to]

20#—
10— o
&
T
- o
£
<
ot o
ks 51—
2 ] |
1 2 5
UfUns
Fig.6-a Effect of U/U,r on G
20
o//
10~
o/
(9 /
& o
s
o14]
oS
2 § 1 !
0.2 1 1.0 2.0
Z[Hy

Fig,6-b Effect of Z/Hf on G

SR AN E 9] PSR TEEY Z/H R SR

stz Ge Afﬁ%s} :—a— @ W Ge Z/Hp9

0.57kl HAlste Binge & 4 ek Llke] #RE
fasd BRE 5*‘?17 e pURste B A
W FHEREE q HBE Fig. 7] F7d s
o} o) e 2 2 yepd & gl
J.KIChE, Vol.8. No.1, Mar.1970

2>

G=3.2 (U/Un )05 (ZH)0Seeeereans ~(D
204
b
10}-
0/0
@
Ng ) C)0/
~L
P~ /
&) Q
5 G=3.2(u/up)5 {Z/Hyos
2 , ,
1 2 5 s

WUnp3 (Z11ID*

Fig.7 Empirical Equation of Average
Mass Velocity

(3) MFEEEES] BAMN

Kol SEEHRRES] dhel B MEIMAE S HE)
F58to] probel SEHR-lAREH 20cm, FEEhel A F-¥
£RF LR 10 em= = Fol| {7ESHA sl =AY %
WHEE 7.5 cm/sec 2 8l 7S] #bol i K
R ES] #MLE WES fEE Fig 83} o)

R MBMEE T2 BERFRLAANE HEk
& ZHA A s el B mE Aol #EA AR JhHE

2.0
10
)
o 0 o / ~
g ot 9
£ ok
<
")
A 0
&) ~df 3
— 10 -
i [] }
0 90 180 270 360

ANGULAR POSITION, degree

Fig. 8 Relation between Angular Position
and Mass Velocity



30
'vlftolr% 180 Ezoboh FUS EBRES vehiz A
1 B w79 LR #E F.Loz3d HE
o] obd & EEkdth
1) HFEHEED REE
a) MAEENS £EHADH Thermistor HEEE
papez std 1 KES KEBEHY BEEAHE =
SR 2 SERIRANAYEES RS A8 MR E s
A DA fiEstd 2 #RE Fig. 9-a 2 9-bell &

_g--0--0~y N
500 /3=~p--0--0--0" &
500+ (A b Bl A BB A '
%/ 0/0'-‘0“0—0"0’.0 —° \ \ N
A\
f d \
o B\
2y 4
_&; /’A £==220 ¢m 0\
= 300?'0;// KEY |y, em/scc %
ER |
SRL o 6.0 : g\
= 1@
u A 7.5 : \
] a 9.0 |
i
JO()r'-—
} 1 ¢ i ) i
13 =10 —5 0 5 10 14

RADIAL DISTANCE, cm

Fig.9-a Heat Transfer Coefficient for Different
Air Velocities

A —
PRI et 9“”"% ﬁ»a\
500 ///fD/ —g=—0—0—o0— —-O\ 6\
P/ ‘o
1 ©
-y \
4
P B a\
£ i [ U=9.0 cm/sec
£ 300p '
> KEY | Z, cm 1
g 0 ':"
- ! o 15 J\
< \
= a 20
ad 25
100~
1 H I i 1
-4 -10 =3 0 5 10 14

RADIAL DISTANCE, cm

Fig.9-b Heat Transfer Coefficient for Different
Positions from Gas Distributor

i (IS mlE Kasty e MMEERES] GHE
de e K FEASA

T—T,= T%T‘ In _RL‘" ............ @
Q=hA(T,— T,)=0.86 E‘/R, .......... 3)

Fig. 9-a%} 9-bol 4 M whsh o] MEHERS 4
BHAGRE MTEEEES 223 ol % FEelskt
Bl, BHLESIAE & 2% 79 BEfhrdAdE
2 318 P2 itk Shiraig (93 Zieglersg (Do
HEVEPIC] 4] 252 KFoF REES W KA BH
A fIFol RS BES 90 %Y H R &
BB 1029 == otz sty s
st ‘h?ﬁﬁi]ﬁf*i’% RIS RS AEE
£ 2 ey Foogleh

b) HIFEREEES FEFTARAC BFE K TED
Sl SRl Eﬁl%a 2el BRI TR

o] BERERE PRSI Fig 10014 =& vhel 7o)
BECEGEE ZR W, SEORlASTEHS g,

PRI LE Foll BIR Qo] 2 BAAY KT
HEREE e R ﬁﬁﬂ%‘% & 4 sheh AEREAS
ElA ke ERMEE 220 %9 FEmBAdA o
2 BBz }&/r\‘% + Sheh

B==155 GO-5ucerarerarnciivniiariarisnisinanns 4)
10001+
-
. o
o 500f o B3RS
;; /°’°° -
-
3 Lo 208
& ’.60 2 -]
- -~

= o

2001 -

-
100 1 ! I I
i 2 5 10 20
G, g/cm? sec

Fig.10 Relation between Mass Velocity
and Heat Transfer Coefficient

4 ¥ M@

FHEtkEe #EE S thermistor probed {#HfA3}
o RERMEEAS KT EERES gD, =
BAd & A& Bamrme BHY EERRS
PES HR et 2 #Re 2ok

D k7o EBozAL, BhLidas L

stet3et M8 M 1% 197014 3 ¥



BTl A e TREshe BRI/ s, KT &
Bt RS RS HRsh Sl A Re e BB
B sEiSel whet sEmdS KT EBMES F
BHEERER Y83 9 2 BRHGEE oo Bk
ReE FRE 4 A

G=3.2(U/Un)"* (Z/Hf)*

(2) =R e P1¢ e BB = HFY —
gt flow patterne] @1, @3] Hilsl Efshe
fA = gilis dEe LRz fht s
F AL TRz g

(3) BT LRIRS dhol ot HWHKol gz =
2h4 Hel ohrl S R0 % st 180wt K
3 woke] EEES Sbxlch

(@) BEEFEERS] PRI ASHE BT EEEE
SAiSE Wi BFEE, o] HES HEEAIAL
BES F2 KT @Bl koo o] Fojxx fiske
e ws AL EET

(5) BEEEHE SREE HECE 5 BE ol
2 Ehel A 9] KiFe EBpEETe 2 BRY F ook

5 2
4 5w

#RER®
B: B-constant of thermistor °K)
E: Applied voltage {volt]
G: Particle mass velocity (g/cm? sec)
G: Average particle mass velocity (g/cm? sec)
h: Heat transfer coefficient {(kcal/m? hr°C)

Hy: Fluidized bed height (cm)

Q: Heat generated by thermistor (kcal/hr)
R;: Resistance of thermistor at T), {ohm)
R,: Resistance of thermistor at T, {ohm]
T: Fluidized bed temperature (°K}
T,: Thermistor temperature (°K)
U: Superficial air velocity (cm/sec)
Uy,r: Minimym fluidization velocity (cm/sec)
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Z: Distance from gas distributor {em]
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