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Pressure Drop Characteristics in the Spouted Bed (I)

Nobuo Havano, Hisato YAMANAKA, Tomosada JyoTaki

Abstract

The granular beds in witch air flows are called ‘fixed, fluidized and spouted’ beds, respectively,
according to the flowing pattern of the granules inside the vessel.

Hitherto, it is said that fluidized and spouted beds are more effective than fixed beds for operation
of the drying and agitation process of the gas-solid system. In this report, we call the granular layer
which has the plate with many tiny holes at the bottom of the vessel a‘fluidized bed’ in which air
flows uniformly passing through the bed without the velocity distribution in the horizontal cross
section. On the other hand, in the case of the ‘spouted bed’, there is a long slit at the bottom-center
of the vessel and air rushes upwards from the slit into the bed just like the jet stream. Then, steep
velocity distribution exists in the horizontal cross section inside the granular bed. As the inlet velocity
of air increases the center part of the granular surface is raised gradually. Then, suddenly, eruption
of the surface occurs.

The dynamic behavior of particles inside the bed and the pressure drop across the bed have been
treated by many investigators, but because of the complexity of the phenomena itself, widely applicable
results are not yet presented up to this time.

Especially, in the case of the spouted bed, we feel that the collection and analysis of the fundamental
data are still insufficient.

This time, we used as the experimental apparatus the square vessel with the long slit at the bottom
(two-dimensional spouted bed) and as for the granules, rape-seed (1. 4mm¢), nylon-chip (2mm@X3mm
: cylinder) and glass-bead (mean diameter : 2504) were used.

We obtained the following results with various experimental conditions.

1) It is realized that corse particles are easier to fluidized than finer particles in the case of the
spouted bed.

2) In the fixed granular bed, the curve of Apm~u, (dpy 5 pressure drop across the bed, ,; air
velocity) draws the hysterisis loop, but, once the eruption occurs, the fixed bed shifts to a fluidized
bed, and 4p,, remains almost a constant value in spite of the change of the air velocity. (see Fig.5)

3) When the granular bed is in the state of fluidization, 4p,, is nearly proportional to L (height of
the layer) and this proportionality depends upon the apparent density of the granular bed. (4p
has larger value for heavier particles)

4) It is pointed out that the spouting velocity ‘u,,” (spouting particle velocity occuring at the surface)
has the increasing tendency of L, then, u,, reaches a constant value with L surpassing to an
increasing value. (Fig.12)

5) From the consideration of dpnm~u, wave form, the state of the fluidization is divided into three
stages:

Stage | : this stage corresponds to ‘bubbling’.
Stage I ® ‘spouting’ stage
Stage I : ‘slugging’ stage

6) It becomes clear that the so-called ‘Index of fluidization’ I, is very useful to analysing the
experimental data for coarse granules; for finer particles I, is not sufficiently applicable to the
explanation of the spouting phenomena.
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Table1 Physical properties of the samples

| Rape-seed Nylon-chip | Glass-bead
. | Glass-bead |
Particle shape ‘ @ Sphere @g Cylinder O Sphere
[Mean diameter d(cm) 0.140 d=0264,h=0.252 0.025
Density R(glem) 112 104 2.50
Bulk density Rfger)|  0.72 0.73 153
Angle of repose (X (°) 27.17 339 275
el ichon__ Mi(-) 0.390 0.397 0.435
S ot U 0.23 0.306 0326
Particle size S
distribution 170
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Photo. 2 Particles flow pattern in the spouted bed (Nylon-chip)
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Photo. 3 Bubbling phenomena in the spouted bed Photo. 5 Behavior of glass-beads in the spouted
(Nylon-chip, coarse particles) bed at the high superticial velocity

(d)

Photo. 4 Bubbling phenomena in the spouted bed (Glass-beads, fine particles)
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Table.2 Variation of the voidage ¢ before and after spouting

Before Spouting After Spouting 1‘ After S./Before S.
Voidage Y )2 s NETESYED
A I N G P
Rape-seed 035 | a5 | 1515|042 | 454 | 783 | 120 | 046 | 052
Nylon-chip 0.3 | 878 | 1372] 046 | 3.00 | 555 | 128 | 034 | 040
| | |
Glass-bead | 039 | 627 | 10.20] 045 | 332 | 504 | 115 | 055 | 0.49

BEBTRIE VN T TH Db, FLITHIE
WHIND LD L EZBR, XD LEY
WOREBR I - T DO THEE R e LERET, BE
— GBI DUEEE dpp (TR, WIEHAIT S Z
LA, Fig. 5ItRbR5 X512, WThodiT
L7 1 s (Fig. 6 DA—B) THEBEL T TTh
HEET, WAEDXAMHAERIKTOHRIROH
Tk b, BPREREY T 5 A D dUE o H R KT
R L TH—T\WC & &, BREOHINC X » Ttk
PIRIAB N A T AR R 2MEKT 57
HLELBLNRS.
BEECOE % dpn DEAfEL Fig. 6 © B
JTRER, OMTHABEBRNEE 2R L
(Photo.1+(8) 2HR), BERIC L TIEER S REMEC
#£H L, Photo.1+(d)THE XD X 5 KAEEHOK
SEEGIVTEICEIh TREDRBAIREI NS,
b, EHRKMp T 2HCET D, BAOKE
VLN OB OREIHE T <, dBREE A E
BRI HEICLPELTTH O HEMERY B
e E 2\, —[EOMIRIC X > THEHE dpn 353
BUCHL T A0 TH AN, KTOEFMIEERD &
XLERLEAEEOLLTHIEL TWA, KEERIE
DK e TH D, Table 21T7T L 5 IR AT & *H
Wk TR e (2L 2ffrie L T 5. (EITR
O e IRENFERL TWARBED e 2R3) (XD
FBYRIE & ELED e BT AR5 ((Q—e)P/e Kur (1
—e)/e%) IBRATHD ¢ DEARAL TEH TS &
Table. 2 1R T X 512, kchTikN 121V
F o FCRH2/5, H T AL — X T/ 2CERED
Ap 3 WY T 5 Z LV H, Fig 5 R TBAMNLC
JEAD dpy OWVEGORERE X —FKL T3,
Lhis T, MIRMETHEL D dpn OBBIcEAIL
e DEIMCEBLDEELLNA, ¥, —EUHER
T2 L RERIHL TRARBLZEAT S MAEEEY B
BXTh, HTHE{EE LTORTAERDOMR
Ok (ZESHNIRE) 1T/ ¥ TIIHR dpm
1z & A EEL 2\ (Fig. 6 ©C—DIED. Z AUl

LEEEOME RS, ZOWHEEZ, F1RD ddpn
E e u, POMFENSEZREINS. Table. 2 TR H
o X SR u, AN LAT D EEBA e (LTS
HiETH b, ot flic Licif, e220%8KL
fol i el o R (-6, (1—e)/e 3%
HERB0%WA L TEbh, e DAL dpn WA &
BT lwmleh, @7, QX0 u, O LR
App BHEK X, BHTADIE 2 5L u, D 2 FICIH]
THLDITH 2 dpy OKE I HLIHTZ
LB, DX o2 o208 Ric k> TREREL
T, VEIREGOINIE dpm 12 u BRI G EAE—TE
4% (Fig 6 DC—D) L, 0L b s, dp. i XEL
UZe < TLIRER 1 0348 < 7o DIF B L B <7D D
T, R 2 AUEREH B AR M DAL TIOd R D 3% o
BO= 3 F —IHICK T ER BT 5 LT
EhbrLDEELzLRD.

—F, ML BCRERML X TKRD &
Fig. 5 OB TR EIND L 51T, dpm L u,s T TR
IS FRs s (=5 Amicid Fig. 6 © D—E
D, FRLLPC/e LEEE DD T dpm (2K
flamd o &le ik L Tir< (Fig. 6 DE—A
M), CoOREKLMEBLEEHTONETCHS. 08
EILEER & e o T LR ¢ SRR OEA R -
TwAhledic, RPBOEEBOFH LD /&<
u, DPATIRIFELGIL T dpm BB T B, Tiabb,
WERTHRC RoND dp, OB RIEELL THE
HREOEEL e TR INBLDEEZLRD. M,
#FAE = XA TR CIRBIEL ThHb L 4, DI
Mo T dpy B2 AL T A2 (Fig5-(c),
THUTH T AE — X TIENEEE R ARE VDT
(RA%E 2 I E¥EH K Photo. 4, 5T A
I FELTHAX GO THIENR D DT, BHA
HNENLDEELBRA, LT, #FAE~
ZTIEEIRD dpm & &, u, DEIRIZ T, ¢ DX
XD dpm DWY LD L, u, ORI X D dpm DI
KOFHPAELID, u, DLHTONT dpn i
MEHAL T ot ilbh s,

Rl N SN it o e



88 (242) BEIESR - (Wb A A » LigHE S
20 o L=300mm| 20 o L=200mm 2.0m S L=200mm
o 250 150 \ o 150
s 200 : a 100
o 150 \ o 50
¢ 100 i
©+ %0 ,\
15 15t0 wﬁ”
E £ €
E E £
7 g
E
£, £ 0 £10
- | -
Y. E E
g g g
05 osf
05 0 05 10 0 05 10
u,(m/sec) u,(m/sec) u,(m/sec)

(a) Rape-seed

(b) Nylon-chip

(c) Glass-bead

Fig. 7 Relation between 4p,,/L and u,

4.1.2 KB dp, LGl L OMF
&K,%%LK&%H#M«G%QKOMT%Q?
6.—%KW§ET@A%A1LK&%?6&§%&
TNDDTY, FEENC dpn/L % & o TZEBEE , 1T
LAEHRDEFig TDX 51zt s, R AFRL
TREERBDREL D RAE L L7 S84, BELic
Lo THZR XY ) OIERITIIFIRRED >3 57
éh%,ﬁ%ﬁ%@%k,ﬁﬁ@tﬁﬁgkgm;o
TRV DAZ YRR ENBD, BWHRILORETIE
&&&E—ﬁbfb%.ﬁg%@@&thﬂ%bf&
u,0% 0.4m/sec LI LT dp,,/L 234z & A EE{L T

i&hé.vi,ﬁ%ﬁ%@ﬁﬁ%ﬁ?iabfmg
8 DL SWHBDIEN Y fEE ¢ 2B LT L bir
?5.%Lf,%%mﬁuo&@%%%%?&Fmg
DESWIRD, IetchTiE, TXTOBE Licouwt

100 @pé——j%—;—om—:
-

50

-o— 100
—— 150
—e— 200
- 250
—o— 300
0 01 0-2 03 0.4 0.5 06 07 08
u, {(m/sec)

00| [Nyion-chip

S = L=50mm
5,z MIRES) IF . . &
7oAl SHUTAIRBE OBB AL L 2o\ s frsh & % ~- 100
50
0 01 0.2 0.3 0.4 05 06 0.7 0.8
u, (m/sec)
(- Fluidizing 100 /
s e
| Heap up e
and slip downward 50 .~ 50 mm
—Dead space Glass - bead = :gg
—— 200
0 01 02 03 04 05 06 07 08
u, (m/sec)

Fig. 8 Partcle trajectories in the spouted bed

Vol. 27. No.2 (1977)

Fig. 9 Relation between ¢ and x,



TR 3510 B WEBHLIRAE & FE DS (B8 18D

150

100

®s

50 ]
-~ Nylon-chip

|
|
-0- Rape-seed {
-« Glass-bead 1
I l
0 50 100 150 200 250 300
L{mm)

Fig.10 Relation between ¢, and L

%,2>0. 4m/sec TIXIBY A 1 3FAFIL Tk D, Fig.7+()
DR E—HLTWD, B FIevF » 7T
0. 55m/sec ff¥Eh b, HFAE—RXTiL 0.3m/sec H>
5 ¢ kL (Fig 9+(b), (), Fig 7-(b), ()5 T
dpn/L OFAL L ZIF—FHL T\ 5,

Fro, WMBIA G 1XBE L K& {IeBIHt - TDH
S BEEERLTE Y, —flE L TFig 9 Off
LCWAHEfA ¢, CRE L L OBFRE/RLICE DA
Fig.10TH 5. WThoRk L EE LOoBAK L s
- CHBIA ¢, (B4 L, L A150mm A RiC/ns & @,
—EEithH, 2T, MEAIINIVENST L
GWEEI DX b0 THEEY BET ARG EE
EKREL LT dp IHBKTHIDEELLRS.
DX HLE @, dp/L OBEREIEX 1B
&, B L ofmext+5 ¢ oFb o (Fig.10)
2, L o¥mext$5 dpn,/L OfikE (Fig. 7)
CIRIF—HLTWBDIEF A e v F o, TG TH 5.
TeteTiiBE LT X - THEA ¢ 2BLLT5
ZhhhbbT, dpm/L ik L BfRle {—EEER
L (Fig.7-@), #7 A€ —RATi1EE L #100mm Ll
EC, LicBfrs $ dpm/L 2idiE—ETH - 1= (Fig.
7-(ch.

LLEX b, HEHECIENRE o, 2REA ¢ 23
g5 —FLich, L>100mm TiL ¢ DEH
dpm CRIFTHEIZEA LR c Y EE L Tl
THEELAD.

4.1.3 TEF(LIKRRED dp,, (CRIFTEHEOMEICD
\WT
EHALIREED dpy (LIZIE—FTHY, FOREX
BES LTl TELTWED T, ZEEREN
0. 4m/sec T IRT 5 dp,, T KehNT, [BEL% Hih

(243) 89

L THEbTEFigllDX 3 icins. EORKL4pn
W LzHAIL T, BEROER (dpna/L) 3 4=
250 DH T A=A G KREL, Tefehy, F4m
VF o, TEHBT AL 2L T D, ZOE:
(I Table. 1 DYHEFI L, FELLTHRLHAEEDH S
W E#HBECRERLTWALDETHEND., £
T, dpy=250p OHFAE —~ALFEUCEEECTRTER
DhEHLHTAL—RX (dp=1,480) AT KERY
Rt e Fig NOBBDO L 5 1ie b,  dpy IRTED
BRI, THIdEAEHERYZTINZ EHS. L
MoT, BIRILDORIBICKITD dpm 13, EELLTH
FEOEEED D\ VI REEECERINS b0 L
bhs.

300
<
N
§§ o
&/
200} oy &
— L3
o
<<
£
E
Q_E
<L
100+
0 50 100 _ 150 200

L (mm)

Fig.11 Relation between 4p, and the height of
the bed L (u,=0. 4m/sec)

4.2 WEHKBALGERE u,, (COWT

EE RSBt & BthT A Mk D®EE L, Fig. 6D
BEOEETHS., L, ZDHIFig 5SKRABH
BX5CHEANEG., —F, —EEIeRc
REYBA I TEHEBCBTT5 L E0RHE (Fig
6 DE &) (XHEEMINBVOT, T0LEORAEEE
TBAIEERE ., EFESZ 22T 5. HEIRBASEE u.,
LBE L oBFEyEHL LD Fig1l2 THBH. LD
REL LAKEL BT L s Tu it kE e b,
L>150mm TiI—E&7th. WMEIETII—BICHE)

Him K TR s



90 (244)

Q5
Nylon-chi
__ 04 yien-chip
[
%
Y
E 03
s Rape-seed
02
e Glass-bead
s
01

0 50 100 10 200 250 300
L(mm)

Figl2 Relation between the minimum

velocity «,, and L

spouting

PSS wmr (o & AIREDEZ ) 12, Lic X B%E
B W EFEbATHE2Y, —HEEECIIEE Lo
HINZOR T uo 7Y, “WIN—>—F 752 Lk
TREWLCBEKTHBO, Zhil, HEEADINE
FRRETE O —MCFT BT 20T, HEh ¢
TEHOINDIMBERBVBRET X - TET B L
Exbhb. Figlonb¥B Lo, LiivkEis
CLeh 5 T @ i—EECHPETEL T3, T
B, LOWINCKHL g2 EA LA LI <D b
SEEND, MBREIA—EL LD dic Figl12 ©
U, D —EHIGEL TWADNER I NS,

KIZ Fig.127C LA OMERBAHEE u,, % R

FEFIES - (AN - RHEEH

ALTARBE, #IF AL — X0 NTE Tt
FAR YT, TOIHICKEL e 5TV D, ZOHENT
DUCTIIKT BSR4 = X2 pMETH 57
DIC, I HIKHMIEREIT 5 BEX S B LD LE
bRAHY, T CRBERRNIERYITRY. #5A
E— AT, KFHVNE WO TRTFRIO I CHER X
RAHWEAHL, Lrbilh <o T BiBIEA
SHICZERZ DB ULIZ S VIREBE /s 5 T, Photo.4, 5
KROLND L5 SR IhD., 20X 5 &k
DI « KR X B8 K ORI EEE, [l o
THEML LF2EB N E DD, u, AV
HHTHEHAI B ELLDLEELONS, HF5ALE~X
DYIZRIRED K Z Inlc o TR FRIOBRE A A Z U
FoDIT, PG S M ZBGUR KA RS & HBI 25 550 8
L, JEPREL T CHE®ETS.  (Photo. 31T
IRTFA R YT, 7OKHIBEREBCEL) & Db
2, IRIcRDMERBIAERE w, (IA 5 A -1 0,
RELILBLDEBID., 710 vF, O3l
REFRICREDORAE - BRI 2 3TH, FRH7s
ERIOKRENZ L EKTFHRLAGECHD LS
CEDD, BTRHBAIEL ) bk E el /e
LIRWEER LIRS DEE L B RS,

4.3 WRERECETIRBNEHOTEIR RIS
20 T.

PR CIL B R e F R B b X2 5 = & 2%

HEITH DD, ThEThRTEILL 51 dp, PR

B u, 720 TR DIREES BUREC IR+ 5 & L3R

150} v*%-+h1sec
4

17.7mmAq

100

4P, =

m

4R, (mmAgq)

50t 4R, =53mmAqp~

4P =28 L |

mmAqr ] b
[ I

0 01 02 03 04

05 06 07 08

u,(m/sec)
Fig.13 Variation of 4p,, in the vessel (Rape-seed)
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