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. Effects of Environmental Water on Single Particle Crus_hing_

A

- Fumio Saito

W R

Yoshiteru Kanda

AN I

Saburd Yashima

An-experimental study of the effects of environmental water on sitgle particle crushing
under slow rate of compresé.ion was carried out by using spheres made of two kinds of gla-
ssy materials and six kinds of minerals.

The sphere diameter was 2.0cm and the rate of oading was 3 ton/min for glassy speci-
mens and . 3ton/min for six kinds of minarals. N ‘

A summary of expenmentaI results is as follows 1) the magmtudes of compressive
strength of sphere, fracture ener gy and new surface produced were decreased with increas-
ing of water on surface of specimen, 2) the relation between compressive strength of sp-

here and fracture surface energy was similar to the Rabinowicz’ eguation,

3) the relation

between compressive strength of sphere and specific fracture energy of various samiples: in

varicus environmental conditions satisfied the theoretical relation of BE/M oc 5.8, where
E is fracture energy, M the mass of specimen and Sythe compressive strength of sphere,

4) when the metal films (Au, Al, Pb) were prepared on the strfaces of specimens by vacu- -

um deposition instead of environmental water, the magnitudes of compressive strength of

sphere changed with the kinds of evaporants,
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Flow Pattern and Mixing Process in Nauta Mixer

RE KRN
_ Takeo Yane

= F AR IRAE*

Keijiro Terashita

Synopsis.

Flow Pattern in a batch type screw mixer is investigated by photographic observation

and the measurement of concentration profiles,

Mixing performances (ra’ce of mixing and final mixedness) are obtamed experlmentally'

'for vamous ratios of spm revolutlon speed to planetary mtatlon speed As increase in shear

stress the rate of rmxmg increases while final mixedness remams almost constant. It can be

said that such 1mpeHers as‘the screw which produces mich shear stress are recommended

for the mixing of fine poWders
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Table. 1 ‘Physical properties of tested powders.
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'Motton of the part1cles 1n an un- homogeneous fluidized bed

Abstract

i&‘r’_{:ﬁ Y
Yoshiki SANOH

Motion of particles in homogeneous and non;hombgenéous f111idized=bedjs. was -traced
with an 8 mm movie camera, using half-cylindrical fluidized bed, in an attempt to obtain
basic data for fluidized mixing equipment, which is one of the applications of the fluidized .
bed. Particle mixing process in bo'thr beds was compared and examined. :

- 1t was confirmed that far hetter particle mixing performance can be obtained in un-ho-
mogeneots fluidized bed than in homogeneous bed.

It is considered that the foregeing is attributable to the effects of local volute and bub-
bles, in addition to the stream recirculating throughout the fluidized bed. However, the mi-
xing performance is poor even in an unhornogcnenus bed, if it is of the one—s1ded fluidizat-

ion type.
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Table. 1 Properties of Toyo-ura Sand

Particle size {4) 105~297
Density (g/cc) 2.63
Bulk density {g/cc) 1,42
Minimum fluidizatin

velocity (cm/sec) 3,54
Eluiriation velocity (cm/sec) 31.50
2.3 EBAE

2.3.1 ZERFEDRE

Wi 7 ®ic X D iRBEomngy (S,
AL RS D 2ot D) B LU (RSN B
) KA 2 EREE Thth Table. 2 O
L. U* 1.5~ 8 DfHETB IR -t

Table. ? Dimensionless fluidizing air velocity

Uax | 0 1.0 1.5 2.0 3.0

1.5 1.5 — 2,0 4.0

2.0 2.0 2.0 3.0 5.0

Uep* 3.0 3.0 3.0 4.0 —

4.0 4.0 4.0 5.0 —

5.0 5.0 5.0 — -

2.3.2 EHoEA

HFROBE EEE LA T3 0BT Digs
O X OB TR EA L, SO, HEE
Hrh &8 E 28T ki, FRENCEDOE L
L7 Fig. 3a—{2) %743 Fig.3 b—2 oBS 0L
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Table. 3 Down-flow velocity of particles in
the circulation and the mixing time

Ua*[Us* U* 32{);2“5%0‘;\% | mixing time (se0)
particles horizontal | vertical
(cm/sec) | direction direction
1.5 1.5 0.3 — —
2.0 2.0 0.5 — —
073030 1.5 — -
4,01 4.0 3.0 about 2 minjabout 2 min
5,0 5.0 4,5 10 40
1.5 2.5 1.4 - —
2.00 3.0 2.8 about 2 minabout 2 min
1.0 3.0 4.0 3.3 20 15
4.0/ 5.0 6.4 i3 9
5.0/ 6,0 6.4 10 7.
2.0/ 3.5 1.9 17 16
3.0/ 4.5 " 4,8 13 11
15 4.0 55 5.8 9 9
5.0] 6.5 6.9 Ki 7
3.0/ 5.0 4.8 13 9
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Table. 1 Types of Hosokawa Micron-Separa-
tor N Type
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Experimental Investigation on the Centrifugal

Discharge-type Bucket Elevator

Ew HH* BEF JES*E
Tomosada Jotaki, Nobue Havano,
Mg AA* R At
Hisato Yamanaka, Shunsuke Fnjiki,
BRIt FREE

Yasuhire Fujii

Some dynamic characteristics of a bucket elevator have been studied in this paper, :
1) Stationary and non-stationary states of the system (the bucket elevator) ate classified i
" as a function of the transporting speed (the running speed of the belt), '

9) We find 1he facts that some portions of granules are always circulating in bucket
elevator and they have no contributions to the discharging (flow-out) quantity.

3) From the detailed examination of this circulating granules we could draw out the-
following conditions quite naturally ;a) the critical speed of operation, b) the optimal opera-
ting speed and ¢) the most efficient throat (out-let) clearance.

4) Several formulae for material balances (including flowing-in, flowing-out, circulating
and the storaged granules in the hottom of the elevator) are shown in staticnary and non-
stationary states. '

5) As the more straightforward approach we measured the filling up quantity of gra-

nules in one bucket 2t each operation speed and algo in this experiments the ahove optimal
conditions for operation are improved consistently.

1L e ;h'cwag; 5Ch5L, L, %@Eﬁﬁ-i-ﬁxw{im%# |
' R TR, Taus TR TR 20 8D 3 e
BRI OB EERRC IV BRE Sy b e m b <, BT XA BENE D IZBbh3,

~ & =%, RO L O» BERO b O E CipEE oM
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TEL 0836-31-5100
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WRICE L TR Y, bioTePh M BE DR
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A Trial Computer Simulat_’ion of the. AM‘ovement-of Balls in the

Vibration Mills.

Ho B oA E M

Toshio Inoue

Synopsis

Vibration mills are coming into steady use in various industrial fields. However, a

considerable difficulty _is met with in determining the grinding characteristics through

experimental programs, especially in the cases where scale-up problems are involved, because
their grinding mechanism is not so simple but connected with a number of variables. In
order to supplement the shortcoming of experimental works, the author tried to make a
cemputer simulation of the one-dimensional vibratien miil. Even though this series of
simulation did not result in a full success on account of the inherent nature of movement
of balls in a vibrating shell; some effective results as shown in Table 1 and Fig. 2 are
obtained for the cases with a limited number of balls, which are suggestive of the grinding

characteristics of vibration mills.
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Fig. 2 (A} Movement of balls in the one-dimensional ball mill model.
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Fig. ?2(B) Movement of balls in the one-dimensional ball mill model.
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Fig. 2(C) Movement of balls in the one-dimensional ball mill model.
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Fig. 2(D) Movemert of balls in the one-dimensional ball mill model.
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Fig. 2(E) Movement of balls in the one-dimensional ball mill model.
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Fxg Q(F) Movement of balls in the one-dimensionsl ball mill model.
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Table 1 (A) Record and Statistics of the simulation results.

1) GIVEN CONDITIONS

Fetd R OF nALLE = 3 -

FASE OF TACA BALL = 100,50 %

ACCELERATION OF GRAUITY = 980,00 CH7SY

TOTAC ELEARANCE = Ny
TORFFICIENT OF REPULSION = 0,50 =

T TTANPUTTUDE GF VIBRATION = Toal i) B

T AEOLUTioNS PER MIRITE = 120600 TR :

‘ . TNTTTAL PHASE ANGLE = 0,80 RAD .
S ’ VAR, NUPRER OF COLLTETONS= 550 g

GAP OF COLLISTUN AT WALLR= 0.00001 [

GIVISION IN RALF CTCLE = 300 -

INITIAL POSTTION AND WFLOCITY UF BALLS

v
BALL Hou FOSITIOM YELOGITY . !
1 4,100 0,00¢ '
T. 200 TNt ;
3 0.300 5.000 ' :
2) RECORI} OF COLLISIONS
5. TIFE. FLACE [OCATION NO. ENERGY
i SELT S LMY - LERGY .
I T ;13T 1afE-02 T FHU9SBOEIL T W TEARZIREL05 :
- 2 0,97BT24TE~02 (.1947048E+00 2 0.1082837E+04 e Co-
3 1. 465R1TOE-12 ¢, 7125 TREEFDO T G, 2930978E05 . ;
) 4 0.2873541E400 3 0:6090932E405 e ;
5 A 0 0,795 BRN3E+00 z G.AaBESGNELOs :
& H.TE4U039F-02 0. 32913766400 1 0. 38RT7IDE+04 . :
i . gIRBabIE-07 T 4592643E400 ) 0. 7960LTRE+0D '
8 0,260499%¢ -0} ©.9453747E+00 4 0.1938453E408 ;
5 TR RAREE~OL 0. T019RK3EFOD ] 0. Z048511E+06 .
o N:2TCA44RE=NL 0.R3034B5F+00 4 01610686 2E+05. . . i
. b i
: 791 B8 Z3T0FE+po 0 9T050AZE+0D 3 0. 2718l 8FET02
! . 292 0, L2490 7E+00 Q41004 663E+0] 4 0. 2285434 E+06
i 253 M. hZG9LZTE 00 T LOQR Y EEVGT 3 U 240 0050 E DL
: 294 0.624917 1€ 490 0,1004095E401 4 0,8757756E+05 .
705 [N EVELTEES T - 1UOTEO0ET0L 3 T, A0D26R1E104
296 DL 525ha1aE 00 D.9632983F+0g 2 . 0 AT26TRERDE :
‘ N 297 6, 525518010 0. 9653619E400 E] 0, 8017425105 ;
: 258 0L 425T63LF+0 0.9615690F+00 4 0, 446ITIAE DD : i
259 T ATELETARFID 0.9330693EFD0 3 T, 6E00036E 104 '
: ang Q.6253412F+00 3.9233779E+00 z Q. 42152076404 |
. *3) SPECIAL DISTRIBUTION OF ENERGY ON COLLISION i
LOCATIGN ND.  FREGUENCY  FREG. PCT, _ AVE, FRERGY  CUM, ENERGY  ENERGY PCT. ;
* LIoULED ¢JOULE} LanLR} :
T ; 3] 71700 001510 M. 95L0 78,25 y
2 98 33:00 9,011,735 1.1629 34,51
X 55 33,00 [ Deb0es T -+ 24,02
4 39 13,00 9,01144 Q. 48h4 13,24
TOTAL 300 109,00 0,01123 3,3701 100.99
‘ TTRE To63 SEC :
- PONER DRAFT 5,38 WATTS
' ori o J
4) ENERGY DISTRIBUTION ON THE RECORDED. COLLISIONS
EMERGY LESS THAN peT. ik, PCT, :
CIULEY % HUNERTCAU BASIS #% ;
- i I AGGERNS. LR 0,00
n.2700E=05 1.67 1.67
: 2700 3,67 :
0. BNPAEHES 2.00 507 H
&4 16UDE-DE 0,33 . 6,00, i
0. 3000R-04 2.00 .. 4,00 :
T a00pE0L .00 12,00 ;
0,1200E-n3. 3.67 . 18,81 :
0. Z560E-03 5,00 3167 =‘
“ .51 2Z0EvR3 9.00 30,67 §
0. 10245-02 7,6 40,33 :
. 04704BE~D2 4,33 Git, 67 :
0.4M196E-02 L3 40,33 ;
i n,8192Em02 867, . 58,00 _ {
0 XE3BE -0 i PEE) 69,33 1
0.3777E=D1 - 22,87 . 32.00 H
b3 bAE~0T R 10000
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Table |(B) Record and Statistics of the simulation results.

1 GIVEN CONDITIONS

NUMBER OF BALLS - E] -

MASS OF FACH BALL =IO T

ACCELERATION OF CRAVITY = JE0.00 CHISE

“TOTRL (LE ARAFICE = 7,00 R

COFFFTCIFNT OF REPULGION = T80 -

ANPLITIDE OF VIDRATION = [ -

REVOLUTIONS FER MINUTE = 1200,00  RPH

TNITIAL PHASE ANGLE - G,00 RAD X
M.;x. WOPRER OF COLLISIONG= 300 -

GAP QN COLLTSION AT #wAjLs= (J.D(JQJ.O [<]

DIVISION TN HALF CYCLE = 500 - .
INETTAI PDSITION AND VELOCITY OF BaLLS .
BALL Mo, POSITIoN YELOCITY
1 0,160 0,000
1 0. 200 0. Q00
3 0.390 8.000 -
2y RECORD OF COLLISIONS
O TTHE PLATE LOCATICN RO ENERGY :
(SER) T} ’ [ i
1 T 1967684702 T YE0YI05E~81 1 0, 95256256405 H
2 0.3205584En02 34710640 2 0. 10B2581E+06 . B
3 0, 4058 TPE-02 FIZTEIGETO0 T G, 293187 1E+05
4 0, 504092 3¢ ~N2 0,2875532[+00 a 9,4091202E 405 .
3 0,594 1E03E-02 0,2955486E+00 2 0 40BTGAGEITS
8 0, 7EHGEETE=D2 03254906 E+00 1 0.389TL51E+04
ki T SRR ISE 112 T.R591a40E*00 3 T I TOTESETDT 7
4 0,9320194ED1 m0.3290523E400 1 0. B2ATIBTE+0A :
H 0. 9511485E01 =Y IE3TTATE 00 H 0. Z3TREIIEDG '
0 0,96#60F4E01 =0, JT196R6EF00 1 T.1691410E+04 " H
th i
a0 N.7511519F +00 O, 3780490F 400 2 04 10§ 609AE+05
al 0.T83I548E+DD OUEF30794E+ 00 1 0,6T69921.E+05 . i
A2 0. 70ABLDAE+RD 0. 4240646E400 2 D, 31067ATELOS
&3 QLTATHABLE+00 ~G.3996890R700 1 0 92T0363E+05 !
Bh Q. 7984 h43E 40N =0, 52A6402E-01 3 0, 11R3ZARE +05
a5 0, TTHETDAE DD =0, 74 HTRS0E+00 1 0, 1808EA5E V05! !
i3 0, TIRSUHAF ) ~U,1573135E400 2 DISYETTEITIN . H
RT 0. 7I6EBOIF+00 =0 1619444 E+G0 1 Ny 1383185k ¢0h {
i} 0,79A82709F+00 r0. 1498G7AE+00 2 0.6518329E +0%5 :
BT 0, 796RET9E 0 =014815968€+00 E] 0. Z1A0591E 06 .
90 0,7969134F400 =01 34454620€ 100 2 0, 48111G1F 05
51 0, 79TRLITE+00 =0.THASTEEE+O0 1 0, 827025RE405
22 n,79708849F100 -0,1427020€ +00 2 0,3872049E105 |
93 0, 79T18TLE+00 =0, 13833956100 I 0. 4dBABT3E + 0 H
24 0, FYTLEALESDD =0, 13974940E +0n 3 0.636814RE 104 . :
5 D, 797 T219E+00 =0, 1103340E+00 2 Q. I0FTBRTE eli i
76 0y FYRSTAAF 00 =0, 7125056E 0] 1 N, 5TAMIBRELN?
at 04 I0TRTSE 00 0 AFIT0SHE-G2 2 G.EONZLEZETOE
ag 0. 800621TE+00 03134094 E~01 1 0. ARRIGTE+0Y .
LL] O, 80CEILTE+ND 0.4207963F-01 7 T LDZI0RTE 403 H
100 o, B LIRTE +00 Q. BTDELEEE-D} 1 0.224371DE+07 H
To1 0. YHE3085E w00 O, 11E3BRE+DT 1 0. 15810536408
102 0,40231108 400 0.11504737+b0 2 1. 35633791 40h
In3; T 7 3165E +00 0, 11498025 +00 T 0, I3R2574¢ 406
104 0,402 3380E 40D 0.1164443F+00 2 f.6212160E+04
Tn3 0. 405 (Z4E +T G 133971 9F %00 3 0. ZA27T083E+08
106 n,9M25584F+00 0. 133492100 ? 0. 19814 5RE+Dh
107 G, 40T LEGFron 0. 1337417EF00 1 O TEA3925E+05
198 0,902887RE 00 0. 14ELISIETOY Fl 0,1288692E+05
ine 0, 00295376 +00 G. 150304 5E+00 a 0.TAGIGEREL04
110 0,9033335F +00 0. 16B3RD4ELDD 2 0.9708955E 407
171 G, yI91665F +00 0. 1608RZDE+DL” 4 0.560B153F+04%
112 0, 9TOAZI5E+NN 0.125011TE+Q} 3 0.1797457€+04
13 G, oEITGd7Ean G ATIT9eE 400 z 0. 132032TE+03
114 0,10N8a4E+61 0. 7230496201 1 0.3922440E+04
E G, IN01820E+01 B, TI0TTwdr 7oy 7 0. 4236600 £+ 06
116 0,3002133E+61 0,1061323E+00 1 0, 1409245E +04 :
T 0, tUIZ3RE +01 O LGB IAUEE+DD K] G 2572893E404
11a 0,1002586F +01 0, 4419353E 4800 2 0, 191GUNEE+DG
1Ty 0,5002901E+01 T 1427709 +00 1 0. TE{STORE+TR
120 0, 100312 RE+0] 0. LTOTRE5E+0D 3 0. 4203081 E+04
Ir1 0,1 52EET0L 0, LB56EATE+] 2 T LTB3429E405
122 0,3003825¢ +01 0.2036577F+00 3 0.33780458+04
173 0, 1N386T5E 701 @, 1r04418E+01 A 0 Y05 13036+ 0% -
124 0,1052646F 01 0. 15056156 +0] a 1.5195250E+04
175 0, 1990907E+01 0, 8157286E+00 ? 0,932304PE+05
126 . .0.1099631Fs0t ~0.1832920k~01 1 Qa40T45SAE+08
127 Q,1099833E+01 0.2247434E-02 2 0443T951BE+U5
—.178 0, 10979698 +01 0.3422164E=03 1 0, 1484553805
= 109 0.5811351F-01 F] 0, G60499B4E+00 —
130 D.R075EBAE 0T a U 2932560E+08
141 0.2035270F+00 K D LIHETRIE+OR A
132 D AL0AZRDE 01 0. F050THIE+D0 1 L0 GEAPYAARE 405
133 T, ] ICaFREE-0L G ITEZaHAE+DU 7 0. BEATZBoE+ 0y
1an, N,110T4E95+0) 0.4042791E+00 3. 0.5830820E104
135 0, 11655801 0.5089413E+00 2 O B782900E+0R
116 0,120230 01, o, 118 kY 0.3566326F+064
137 0, 1703070k +01 0, LE#B¢13E+00 2 0,+3952569E08
135 0,1203648F+01 0,171A7757 +0g 1 0.1280094E 406
139 0.1206427F+01 3TIAESTE4 00 2 0. 4241 17PE+04
140 0,1209391E+0% 0.5765437E200 3 0.23955989F 04
1a1 0. 12095 73E+01 G RTOTATIE+00 2 0.1171314¢+08
iaz 0,1221095E+01 0.9379331E+00 3 0.3840280E+07
tas ¢ 124T01AE+01 =0, 1A83543E+00 1 0, 266369NE+0R
lag 0.3262956F+01 0. 114651 5E8+01 2 0,1473436E 06
1A% 0, ZEINI0R+0L 0, F169637ESOL S . BLIESUIIE 05
146 0.12067435F+01 0.1166595E+01 2 0. 47157THESDS
a7 0,17§3272E+0L 0, 185501 TE+0L [} 0, 6817 395E+05 T
148 0,1302435E481 0.6024851E+00 3 0:1807147E+05

LR BT TR
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Table {(C). Record and Statistics of the simulation results.

1 ) GIVEN CONDITIONS

NUMBER OF BALLS - 3 -

"R35S OF EACH BALL T femoa 6

ACCELERATION OF GRAVITY = 98000 CM/52

TOTAL CLEARANGE . = 2,00 . CM
COEFFICIENT OF REPULSION = Qa5Q -
AMPLITUDE OF VIBRATION = 0v60 M

REVOLUTIONS FER MINUTE =  1200.00  RPR

INITEAL PHASE ANGLE L D100 RAI

o

MAKX.+ NUHBER OF COLL[Y|ONSa 200

GAR ON COLLISION AT WALLSw 9,00100 Cl

M

DIVIS|ON- [N HaLF CYCLE » 260

INLTIAL POSITION ANO VELOGIEY OF BALLS

BALL N FOSTTION YELOGCIIY
1 0.100 .00
2 0,200 50,000
2 0,400 Q.p00

2 ) RECORD QF COLLISIONS

HO, T [ME PLACE LOCATION NO, ENERGY.
(SECY iCHY CERA)
1 0, 1307008E=D £19a16198F=01 0,2}46890E 06, — e
z £.3914535E-02 2,35BLp60E. 00 U, T559556E 05
5 2.,3857331E402 0.34322645 00 N I L L T —
L3 03991628 E~02 0.3936297E 0D 0.32¢42218 05
A, 0,809 T013E>0F 0.521346115 05 GuOL2B336E. 0 e s
t G, 260170BE-0L C.LYTE543E DL £,3028%368 04
i) £.3025531E=31 CLlAZER205 Gl o 4962T5TE N4
[ 0+21798652-01 0.1326785E GL G, 24966125 U6
5 . 0.412B2A0E0L 0.1225110E, 01 DOLIBOSA9E D i
10 T,500L485E-0L D.21zlovie-02 0,9208461E 06
11 0.530154AE-0L __0,815GAT8E OO .. .. .. 0. 66T413E UE -
h %
0,539YE542E OO ~0.2505423E-01 0.3Y33092E D&
R.60U0352E B0 Ghh0520E~01_ 0 E4BEITHE D4

G160G2663E 00 01 5222790E-C1 G.3362105%E 06
o QaGP0STARE 00 DaOSATITRTEeLY o od o 0. 2L09GT3E 0B ot o s -

0460693105 00 QeIQTEPEBE OD 3 0.2137192E 05

198 0.6814143E 0D G11253667F 0 W BT53TH2E 08 e
1946 0, ANLTRESE OO 0.1679433E 00 2,1140774E 25

D GRUSHALE OO VEDPARTOE Gl (PN Dk | R ———
198 0,6260324E OO 1pATUAG4E O 6. T909522E 06
199, 0. f3TAZIEE OO D,162584558 01 £A149258F DE
aen 0,6276379% DO Ve 16AZ004E D1 Q,3933627E Ok

3} SPECIAL DISTRIBUTION OF ENERGY ON COLLISIONS

T TLOCATTON MOy FREGLENCY

FRE®&. PCT. AVETENERGY CUM. ENERGY ENERGY PCT.

{JOULES CHALED, LOULEY e — oo
i 31 18.50 0,051 L0020 26.00_
? [E] 32,50 0,037162 205545 31.53
A i8 32, Gl 003111 119312 5,86
4 34 11,00 0.03672 102488 16,21
TOTAL 700 105,00 0,03850 71663 100,00

L TIME 0083 BEC .. .

POWER DRAFT

17.27 WATTS

4) ENERGY DISTRIBUTION ON THE RECORDED, COLLISIONS

ENERGY LESS THAN PCT CuMe PCT.

{JOULE) dn NUWFRICAL DASIE %4
G.2000F-05 G400 ¢.00
£480OUE-5 £.50 G.nll
2.8000E-05 0,08 0.50
A, F hIET] 1.00
G 3200Ea04 Ovoo 1.00
G BAN0E =ik 0,580 1.%0
Q.1250E-03 0. 00 a

— G4 2360E=02 200 T
0, 5120E-03 Z.50 Te00
0.1024F-0% B0 12.00.
0. 2048Ew02 T.50 19450
0 4096E=n2 7400 G50
0. AL92E~02 Ti50 314.0¢
0:1630E-0} 1,50 35,450
4,3277E~01 18.00 23.50
0,6534F=nl 22..00 I5,40
0,1311F_ 00 24,50 100400

d 0
— 57 —

]
]
i
i
i




Table 1({DY Record and Statistics of the simulation results.

1) GIVEN CONDITIONS

NUMBER QF PALLS - 3 -

FASE OF EACH DALL - 160,00 ] N i i o T

RCCELERATION OF GRAVITY = 980,00 CH/SE . ” P s

TOTAL FLEARANCE = .00 R
EORFFTICTENT OF REPULSION = 5780 = =
AHBLITUBE GF VIBRATION  ® 050 TE s — - ,

REyOULITIONS PER MINUTE =  1200,00 RPM

THITTAL PHASE ANGLE - 0.0 RAD )

AL, NUMRER GF 0oL TSToNg= < 200 - B B - "

GAP ON CoLLISIoN AT wAlLLE= " 0.00001 [52)

DIVISTGN [N BAIF CYCLE = 500 =

INITEAL POSITION AMD YFELOCITY OF BALLS

RALL Mg, FOSITION VELOCITY -
1 o200 0.009
b 7,400 7,000 i
3 22500 0.000
[ [T 0,000
5 1.000 0.000

2) RECORD OF COLLISIONS

LN (T[NE FLACE TOCATION MO, E(NE,H(]Y ;

SEC) LD . ERG% :

i 0,763264NF-02 0, 19654 +DT 1i- G 98 La5TIET N

2 0, 4160367FwN? 0,3910188E+00 2 0,15A9954E+06 :
K] 1, 5812 PHREADZ PRI EE P T) 3 0, IZFTB6LE+DE
4 0. 591TRAGE-N2 0,808 983E+00 1 0.4147340E+08
5 [PRLEEEELE 0, T710238E+00 £ 0, 10331R6E+06

6 o, 79452947F =02 0,5943341E+00 2 0,6926994E+05 .

T T, 9TSAUANE=-07 0, 5532E09E+00 5 0.B449B44E+05 '
8 G,10097 5F0b 0., T7500935E+00 5 0.3 TA2162E+0%
0 1, 12579395-1L U,9458381E+0D 4 0, #B243B1E+05
18 0.5433154F-01 0,2012491F+01 6 0. 34404 16E+0R

L . |

0, 221607 5E+00 0.2021607E40L 3 0.3THLG04E+DE !

27 400 0,2059882E401 4 043412862 +06 i

FRETATRYOU G195 OTEFEL ] 05844 156E+UG !
0, 222T8R2E+NN 0.2066842E40) 3 0,30404920E+06h
1oy 00,2234 31BE+N0 0,1950108E401 3 Q. 2RB0LTEE+DA
136 0,72161297+00 0,19552317E401 4 0.2435114E+06
157 0, 5E 932 TF HODY 0. 2080203F401 b 0. 13261R4E+D6
1n8 0,724T120F+00 ©.19681700401 k] Q.21 T0826E+0h
159 1,z ¥FAEARF+O0 0. 19665 74E401 [ 0.BE5TILHE+OS
207 (L ARELOBAEAOT 02.16ATIGVESDL . a 0486501296403

3) SPECIAL DISTRIBUTION OF ENERGY ON COLLISIONS

LOCATION MR, FREGUENCY FREH., PCT. AME. FHERGY CUM, ENERGY ENERGY PCT. :
TJOULEY CJGULEY CIOULEY " i

T ¥ T 003017 T ehaT 13,34 ;

2 as 17,50 110846 21,78 :

3 £ F Il 0.9227 18.53

3 39 . 26 0.A822 17,12

3 E) §.02528 T-9108 1478 :

G 22 11,060 @.02343 0,5158 10,35 :
TOTAL, 200 L1no.00 0.02490 4.97%5 100600 :

TTHE FIEER
POWER DRAFT 22,02 WATTS i

4) ENERGY DISTRIBUTION ON THE RECORDED. COLLISIONG

£NERGY LESS THAN PeT, £UM, PETy
JASITaE %% TNOMERTCAL BASIG  #% —
h 6000E=05 0,00 00
0+ RAOOE 205 8,5 .50
0, 1608E=G1h +g, i} Tine
0. 3200E=04 .50 1,50
T AA00E-D4 1750 T =
4 L2ROE-03 A.50 1250
Qr2560E=03 4,00 11.50
083 20E=03 8,90 19,50 !
M AN24E=02 &, 50 26.00 7 B il
M RR48ERD R .50 a0.50
1) #09LE-R2 0,30 31.00
— . 0.8197E-02 2.30 33.50
0 1638E-01 10,00 K3,507 - g g B :
0:3277E~01 20,50 64.00 o
N h554F=nt 2950 93,50
0:1311E4p0 6,50 100,00




Table 1(E) Record and Statistics of the shmulation resixl’_cs.
| . 1} GIVEN CONDITIONS ' l

NUHBER OF BALLS - E) -
1 RS OF EAGH BALL PR T ‘
' " ACCELERATION OF GRAVITY # .00 cnrss .
TOTAL CLEARANCE - 2.00 CM. \
COEF‘FlClENT OF REPULSIAN = 0.50 hd :
EMPLITUDE OF VIBRATION = 6,40 N

REVOLUTIONS PER MINUTE = 1200.00 RPM - - ) '

" N TNITIAL PHASE ANGLE = 0.08  RAD
MAR. HUMBER.OF CULLISInNS= 300 -
DIVISION TH HALF CYCLE = 20 -

IM(T1Al POSITION. AND.YE(OCITY OF BaLLS

- BALL_ND. POSLT Lot VELOCITY . . - :
1 0,200 0000,
2 o, 400 0,000
a 0. 690 0.qa0 - ;

i 2) RECORD OF COLLISIONS

NO« TIHE PLACE LOCATION MO. « EMERGY
{5EC (LR . [§an
1 0,417985LF-02 0. 2000000 +0n 1 0.68T2988E405 i
2 G T2 THERT O ABDIGUELGD > 0,1733231E405. —_— '
3 0,1184637F-01 0+ 5000N00E+G0 3 GoHATYASERNS
4 0,950 LG4 E=R: Qr1a130556401 A 2235051 E405,
L} 0. 44664 T5ED] 0, 9999933 E+00 2 04 3020796E+03
H 4 0. BANOPAEAD) 0, 15925 23E+01 3 D 482211 BRADA,
: 7 Da83TUBS5FH0L D.1611271E+01 4 0 L9BE0IRE+0S
a 0.8619403p=01 D.159990QTEL0) 3, Gi11323821 ¢ +05,
9 0,8016369E-01 0.1567442F+01 E] G 163WE59E 405
_...._._.—Lﬂ—{) Yi09eliE=01 . BLlSBA03ISER0 e D, ey LARZUTOE + Ok
. ©.1311400F+00 D.172335TE+0L L Q6493690 E +04
: 13- 0.13a21 gD D 1306220F+AY 4 0, 6301528404 :
, (i g e } :
291 0, 2034 T4TE401 0 12B121BR+01 2 (. T2275%8E405 :
L I 8,2631953E201 0.1361A45E2D1 3, d.1162064E+06 - :
Py’ 0,38381R2F 401 OvhABINZ2E+01 2 M 1ATODRTEOS !
29is 0, 2856507801 (2304254 1E 400 i 0,749 52] 35405 !
295 0, 2B54T12p 401 9.5102509E+00 & 0 220AL5RE4GH :
. 25 0.28A7009F+01 . 0.8ABRIGOEMGO- % . Gy IW958BEe0S. ..
! 2gr 0,290339404+01 0.16511LOE+00! 1 0.110539184+06
258 0. 83121 P7E 0L 0. A0TIOHTEADO 2 D 3DAFL24E +08
299 0. 7916290401 0,2355134F+01 g 0,2 210243E 4046
200 9, 29283 33F+0] 9. 1697580F 01 3 4.2256992E:404

3) SPECIAL DISTRIBUTION OF ENERGY ON COLLISIONS

LUCA]_LQN_LNQMFJ]F,QUEN&V. FRE§. PCY . AVE.. FNFRGY CUM, ENERGY ENERGY. .RCL o B

CIOULED €JOULEY (JoULE)

T " 16067 0.01758 T.ohRA 23,71

z a7 HTa33 0.,00/83. MeGB30. T T3

3 102 34,00 0,00426 0.Hh3R2 26.10

& LR A 15..00. 000511 D+53226, 218,

TOTAL - 300 1g0.p08 0.00797 2:390% ~ don.nn
T TIME | 799 SEC :
POWEE DRAFT 0L B WATTE i

i 4) ENERGY DISTRIBUTION ©N THE RECORDED. COLL.

ENERGY LESS THAN F’C LUK, PCT l
CJOULRY ** NUMERICAL BASIS  #% i

0,1000E=05 2,06 2,00 i
0, 2000E=05 1,00 4,00 B i
0, 4000E=-05 1.87 i :
0. POODE=DS. 0,67 5.2 i
" 01 1500E-D4 1.33 s i
012200F704, 3,23 10,00 |
0+ 8400E~04 2,33 12,93 |
0 i2A0E=A3. . 2,32 Li AT,
04+ 2560E=03 3.61 16,33 |
0,5120E=072 5,33 347 H
4 10F4E=02" 3.0 2604 i
04204 4ESD. N 33,43 . |
02 4NIGE=Q2 94 b 42,34 |
0, 8352E=D. 18,67 S 1 e - !
QulgIaEw0l 23,67 8467 i
1,4277E=01 13,00 97,41 :
TrEhEAE=01 2.33 180,00 H
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Table 1(F) Record and Statistics of the simulation results.

i } GIVEN CONDITIONS

HUMBER oF BALLS - 3 -
MASS OF EACh“ BALL - 100+00 [
‘ ACCELERATION OF GRAVITY = - Gr00 CW/SE <
TOTAL CLEARANCE, " 00 ch
COEFF ICIENT OF REFULSIGN = Ges0 =
AMELITUDE OF VIBRATION, = 080 CH
REVOLUTIOMS PER MINUTE =  1200.00 RPM
IHITTAL PHASE aWGLE - Ti00 | RAD
. NME- HUMEER OF CULLISIGNS= 2ou -

GAP ON COLLTISION AT WALLB= 000100 [

© DIVISION IN HALF CY(lE = 200 1 -

IMITIAL PQSETION ANG VELGCITY OF BaLLS

—BALL nO, FOSI[TIgH mnrr"r.v
1 0.109 0.000

.z 0,200 364900

a 04400 0.000

%) RECORD OF COLLISIONS

LACE . LQCATION POs . .EHERGY,
3 {ci ) CEPG)

1 0.1319102E-02 . lGApagnE o 1 0.201319%9E. 05,

7 0. 400L001E=-G2 0.39%995%E 0O 3 0, 4E8T500E 05

. k) 0, 4009419E-02 DedQ0i201E, 04 2 0.,183%444E, 06

4+ UedUlhaS9E-02 O+ 4003 R38E 0O 3 Q) 4554484E 05

e D 223015 J.-J.;mlqnowof‘ 01 4 0.85182166 D&

[ ©.2783257 0u15881H3E D1 3 0,T5073028 D&

2 0,5003150E= fn]. 0. 13697658E Y 2 0,535%045719F 0h

8 0310134 2E-0L Oy1587551E 01 4 0.1120079C 06

) 0.2353973E~0L, 0.1379859E_01 3 0.1357696E. 06..

10 0.5047751E=01 0429459N0E~01 1 0, T415297E 06

__.___._1;0 S19456RELNL_____0.25382440E 00, 2 0.0022093E 06

0,5333R58E~), 0.2455324E 00 1 0.22B6509E 06
A33E=0L . 0,9134453] TeIN2E 06 .
W

194 0.798660TE 10 =0 99045THE-OL 1 0,8841810F OB

- 151 0.134992836.00 = 44 40L9AE=0L 2 1 9TIBETHE.. 08

192 GOIAR3IAEE U0 =0.50204 TEE=01 1 ¢ 3416862E 06
mmﬁﬁm__m_ﬂ.miwﬂﬂ il 214083 TNEND]L 2 0,1562900F 05 0

0, b051529E Q0 U 63263746 00 3 0.39B0L74E 08

195 0. lQEEN63E. 00 0.6371435E 00 2 5,16B6222E 06,

194, 0,5236467E OO 0.2009046F 01 4 0.6841811E 06

1ot A 8RH0283E. 00 020443255 01 2 0.9T98675E..06.
158 0,6243136E OO0 C.2050304E 01, 4 0.34168T56 06 '

129 Q. AZNATRE O, 0 1a09108E 01 2 A.LE633I8E 05

z00 0,8301529E Q0 © A347373E 01 2 0,3980182E 06

8) SPECIAL CISTRIBUTION OF ENERGY ON COLLISIONS

LOEAT[GR NG T FRESIENCY  FRE@y FCTe  AVE, EMARGY  CUM+ RNERGY  ENERGY PCTa
(W] CJIDULES £ JOULED.
bl 33 16450 £,0%0923 l.,9553 1,47
2 65 32450 0, 3903 2.5369 27488
53 Bh 3000 0.03264 2.5593, 1. T SO —
4 a4 17,00 0. 06042 2.0843 22488
TGTAL 206 300.00 0,84553 9.1059 100,00
TIHE _0.83_SEC
PCGWER DRAFT 10,97 WATTS

’4) ENERGY DISTRIBUTION ON THE RECORDED. COLLISIONS

"ENERGY LESS THAN PCT CUMy PCT.

JOYLEY 4% MUMERICAL BaSts ww
Q.00 0400
O.ankt-c 0450, 0,50
Ua204BE-02 15,50 16.00
0, 4094E=02 0.0 14,00
0.8192E-02 1.00 17400
041620E=01 180 18450
0.3217E=0L 1130 35100
0.46554FE=01 aL.0n &1.00.
[P LEET . 1] 23,00 100,00

— 60 —

i
¢
3




17— 21 74— 2O

Feed Stoppage Characteristic of Rotary Feeder

L HE* BFH EE*
Tomosada Jataki Yo Tomita
PRI =R e EXT

Shinzo Dateki Masafumi Morihata

Summary

Effect of powder head in a feed tank upon performance of a rotary feeder and its feed

stoppage characteristic are investigated using P. V. C. powder of mean size of 183 zm. Back
pressure for the feeder is changed from 0 to 4000 mmAq, the head in the feed tank from
200 to 2100 mm and the revolution of the feeder from 10 to 210 rpm.- When the hack pressure
is not applied, the feed rate increases with an increase in head within 1200 mm and saturates

above it, The feed stoppage occurs when gauge pressute at the feeder inlet reaches nearly

half a value of the product of bulk spacific weight and head in the tank. The feed rate in

large revolution range can be improved by applying the back pressure above the stoppage

pressure.
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Cyclone Separator
Supply Tank

‘Damper
5
N | Fead Tank
W
T Decelerator
Rotary Feeder Motor
Pressure Pick-U><’ O
\

Nozzle
~N

. s it— Loard Cell
- Compressed Air

-

-Recovery Tank

Injection Fe:del'
Fig. 1 Schematic diagram of experimental

appratus.

Table | Specification of rotary feeder

Radius of Rotor 75 mm
Number of Vane 8
150 mm

Longitudinal width of inlet

Transverse width of inlet &2 mm
Clearance 10/100
Total volume of wheel room 1.6 4 /rev

WWMERD, v—FY 7o~ FLEERZ /17 1%
TAETHEREN, HER Y vy iiis s e
—Fe DV EHEShS, FEERIa ALy 0
CNEZER RSN SN BER Y el TR L,
FOEEHERNSE S, AL L D E GRS, vn—2Y
74— FHIEOEINTAIEDL U @Ak A Fic X
YERIIS B, dbE 2 vy B R4 mm, A 2200mm
ThD, Y L NOBEEF 7 B Biuiea Y
v MROBEB L B Ech2 L2 BRSNS, 18
SR & 7 FRICET B v ¥y e 71— X
W BLURELY i ~OBEOELHETHS.

Cow—F U 7. — FEEEE n T 10 2 B 220rpm D $EH
¢, BEF o r Oy FHIEL 300 20 6 2100 mm DHFE
TENERETWS, ZZTER A bRw—F D 74—
FHOEEAOEDCE L EETH, Lok THESY v
2 OFRERACTREF LT3 ESEe—2 0 7o
~FAADFHRHOL b EWOT p HARES, 2O
Ap B 7Ly EE-T 0B 4000mmAg O
TPEET TS, BTFTHIoL b7z —FHOR
AT Ly F L OMEFS I L EMEL TS L h
5. R UCREOR S : RAVTERE Table 2
i

Table 2

Bulk specific

Particlg size weight kg/md

P. V. C powder 166a4m 524
pellet 3,22mm 585
3. EEBREHR

31 Heiam S HE ‘
Fig. 2 EofRFED P.V.C Ay & — Lhifkofss
DALy MZOWT, o~y FHE 2100mm DS OE
BGEEE oL THry FLEbOTh5, Bk
Tk n=60tpm HGHRERT, FHEES =77 %,
TR GERBERTIARWS 7,=100 #0h 3, ik
TG 4 DRI E i OERR S 208, SR
A GEBIC AR = TWRWORE L, 9T IR
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B, WicHEma 2 20k, BEOBE, HEHy 20
FEBRE L b HEE OO Ap O LARBTR G
SOERRL LRZOEEL, HERTROGIZFOHE
WEHTX Db RE . HBREER 4 BRE (o TR
A OERARLIE 2 LTk, TR EE
B, ~v FieonwT S HEHESN A it o i,
Fig. 3 dikic > T H=2100mm D L& n k5
AEELTGE M EHLTIry FLELDTHS,
ks LRAERA TSRS o EnithEBRLT

6o

.

i __.,.,._.794.. —_—,
4 -0—o wo—-—c;\-\‘\'-‘
T T
i ( SR
P | feriey N
Sl § Jal e "
(4]

o & L L | '8
o 1000 2000 3000 4000
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Fig. ? Heed rate for P. V. C. powder and
pellet versus back pressure.
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Fig. 3 Feed rate for P. V. C. powder versﬁs
back pressure.
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Fig. 4 Fead rate for P. V. C. powder versus
back pressure,
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Pig. 5 Feed rate for P. V. C. powder versus
head in the feed tank when the recovery
tank is open to the atmosphere.
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Fig. § Pressure dreps for P, V. C. powder
versus revolution of the feeder when the
recovery tank is open to the atmospnere.
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Fig. 1 Feed rate for P. V. C. powder versus
revolution when the back pressure is
applied.
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Effiorescence of Sodium Silicate Solu‘mon about

the Influence of Temperature

- abstract

BRI B irs s

Masaru Hasegawa Sh1ro Yamauchi

Using the class C— 1 refractories, the effsct of temperature to efﬂorescence formation

- of No 3 soditm silicate solution and reagent NagCOs was investigated.

Efflorescence of sediwm silicate solution has tendency to formation straightly. In Wmier

or in low temperature long needle is oecured, and in summer ot in high  temperature offlo-

rescence is not formed according to the glassy hardening.

Efflorescence of reagent NapCOg has tendency to formation non linearly, as in low temp-.

erature mustache like; and as in high temperature lump like formed.

when growing velocity is low, the efflorescence is monohydrate which is in weathered

phase, while at high velocity, ten hydrate which is in stable phase of solution.

Tt may be hard decided that efflorescence does not occur in summer in all cases.
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Photo. 1) Glassy hardning of sodium silicate
solu_tiqn in capilary

Photo. 11 Carbonation of sodium silicate solu”
tlon-in capilary.
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Photo. 13 Microscopic photograph: of efflore-
scence at high temperature
(Reagent Nas COs)
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Photo 18 Efflorescence formed by contmuous
supply, of solute
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Tahle 1 Experimental Conditions for Elutriation of Fines from Fluidized Beds

195112 185114 © 1955812
Investigators Leva ~ Osberg et al. Yagi et al.
Column diameter [mm] 33.5 76.2 52
Column height (cm} : 122 _ 127 150
Fluidizing fluid - air ’ Cog, He, air, freon 12 air
Material of patrticles g:?ﬁ,yiisher-’?ropsch glass ‘bead Sg?lalss’ brg:gnesium oxide
Fin'e particle diametegﬂ] A1~G7 1836 0100
Coarse particle diamefer | 10528 BB~145  310~1640
Sonoantraiion t[%ljlles 5.8~20 0.3~5 20
R ] 17.1~40.5 2~18 | To~350
System ) baich batch : batch
195651 196028 195124 196729
Investigators Yagi et al, Wen et al, Thomas et al. - Thiele et al.
Column diameter [mm] |98, 110, 700, 1000 50, 102 ‘ 101.6 © o805
Column height [cm] ) 100 208, 183 183 44
Fluidizing fluid air, high temp. gas air, He gas air air
Material of particles 183?3;’ %ﬁ}t%%“?oﬁgr' gc])g?spgsfgesr glass glass
Fine particle diameter £1~270 71~2580 60~79 8.3~
Coarse particle diame{ﬁfﬁ" S 147 79~295 100
o et figes 0. 6~30 4~100 %, 5 10, 20 | 3
fene ® o eﬁ‘gﬁﬁlecj . 25~160 45, 8~192 6~38 10
System . continuous ‘ batch 7 batch . batch
19687 19708 197280 | 1971~1g721819.21)
Investigators Hanesian el al. Sycheva et al. Guha et al Tanake et al.
Column diameter [mm) 76,2 100 ‘ 56 : 31, 67, 150
Column height [cm) a7 300 80 175, 180, 250
Fluidizing fluid air air air | air, water
: ' Tass, sand, Si-Al
Material of particles glass cAalizgllyst cand fggﬁéﬁ?&feﬁau %ﬁily{s&tg&ds%ghl.ess
Fine particle diamete[r,uj RB~505 100~315 _ 277, 359 | 50~250
Coarse particle diam‘}fﬁ" — ) 315~400 677, 459 718, 1930
e | - T = P T
Ay | wean | wem | o o |
System ' batch batch batch hatch, continuous ]
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TFig. § Measurement apparatus of fines
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~ On the Correction Factor of Sedimentation Veolcity
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BT, OB OEMSEE u BT OBEL 04
ROBEE £, BEE 1 LLTURTELBRBT L
FEEHCE L THD,

u,=g(0p—0)d /180 {1}

bt EEOMEE, BROKTR Stokes O

WHIARIT T2 & 5 el i 0 b &2 CFifbh e w 255k
BRI e T A A, (LR O B
Hs s BT OARIEE Stokes £ b B L TR TR
33,

da=[180u/g(L,—0) 1% (2)

* ek ST T R (TTO33 M T R)IE
HTi-1)y TEL 07656-21-2510 '
O« W AR LR T

Re & W R

Yagusar SawamaTa  Norivosmr Kava

Tiphh, AHAFRBIT 8T 2 Stokes B L,
ORI OISR - % L EE L, 0BT
L EBEORER T ORI S L WERTFT Z Lok
5, L LB, AMRARET R SRR &
5 B RGRD bid, BEOKRNIEDHIR -
MEEB BTV, EORAOERI bkx 2 b O PEN
AT LD, ERCEN S W ERREHE » &,
FORIT b SRR OTERRE b b ERR TR
4, & OMTHEEEZRAL O F—M B bho KT
HY, COEEL 2 EUBREEREFE (correction
factor of sedimentation velocity) XIPCR, (3L TR
.

A=t/ (3)

Liett=T, HEBAGETARE T A+ 5 i
e R, ERiER C BIUWToEE0 Reynelds
Re, issho A 2HWT, FhFhio X ekb
EhB,

R=3nud(u/3} (4}
C=(24/2) (n/doup) =24/ Re; (5}

nEG,  dy T R OBROERT b A
Wiz (equivalent spherical diameter) @, RLF0
S vy, BEE m LTREER TS L LND.

Cdy=(60,/m) Y= (Em/un ) {6)

A EERE 2 O, BRhh <1 THEL
5, HEHURE C OERERMAYAE 4 BT Reynolds
# Re,

Res=daus/u i
HELTE, BRofalk b REWlEERT.
A DEFmROBE A=1ickD, 3 b d EORRIX

BRTELZBRS I &2 5,
A=1Bpu/g(0,— 0)d* )
LT, (2) QFERoEsLeRBL bR,
2= (du/d.)? . (9}
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SRR IE AR & D BEER R
Z DEREE BRI 5B LT, B AE 555

ER T OMBE CH 5. ST OBMEER A Tk

HEPUIC J TR & 03 U b T SRR B L e Wadell
i, EOMFE (true sphericlty) # (03T R#EL,
EFIRE L Reynolds ¥oERES2 D, WTok
ERES LT3 LE, X085 bhRBE roHER
+5 Y08, ET L FHEEORORmME & BT 0
D ns T bz b,

=rd2/S {0

2t Pettylohn B, =0 ¥ &85 2 —& L LT

PR B4T Yy, Re<0. 05 OfFUC oW,

1=0.843 Jog (/0. 06E) {n
EHLTWED,

LisLZh bid, SRR IEEEvicERL
TEHFME T (isometric particle) 2EiE om0
b, FEHRETTEH T, TOWRERE (o
fif[f, orientation) RSk EB LS5 f;:ﬁ%A YR
THZLERTERN,

Kunkel®) ASRIZHT MR SRR AH b U
AR TicET R R AW U0 Y Pettyjohn &
EFERRCH o, LORSITRIERTsEAY OGS
& [Elikic, MERAURERS L S0 L OFF RO vk
naEE 4 TRELE.

=1 — (dy/d)=1 -1} th]

FHEFNHT R, IROHET b - ¢ ZORHE
FH -0, 10494, Heiss & Coull G -%H,
Woix, ME MO AR Eo=fURTERN, %
NEORE bR OMRICME T, THREREDC LW
EOHERIL le 208, MUFERDOZE {27,

1) PR B A kT O R ER AR T o~ i

3o TELT 2 L 5 AR BE—P 2 1T

ST M i A i T S L &, TR
RRLCLRES  MELITIREEERE TS,
zidk roundwise fall kpRxs,

S (g1
lggm( g: -—’lj;'—)] ek
2) PR TIC LA bl T ORI RES, LT O~HE

KXo TERLRW L 5 RPN OSHE—F LiER

—HERERNETHLE, BEIE - THERREmERE

b oy flatwise fall OEESTHS

)

logiy Aeo= ["

jgglo Ao =

Hogu -GV F)) 40

__Tdni,#%wﬂﬁﬁﬁh%bmmﬁ%ﬁﬁé
moEREST bR E (equivalent circle cha_me
ter) ¢, WTOBREHEEE 4, 2T5L R TEHL
Bivs, DoREFER, Heywood mBERIrr23LI5
b, Bz Heywood BLIFiho bbb s,

dy=(4A,/z)% (15

139, (Mmzix, Jolasic Helss &0EBEREIC G
Er{EishsL, BEVWHERRSHFOUWANE TE
BLUTHHERZ O L LTHER 3L, LoD
TEREEME TR Y, bl T HBEPRERETL
DIEATREE NS 2 AEE b B 5, ChbiCET
BrE, AL 2A—2 T shs Singh 59 0%
WD T, RABEEBOEAyF ) LchDThS
P, RO L U ER N SIEEBR OB E AN S T
LISTERN.

1) BrerEflat ko iR B 45

roundwise fall 7L ZEES

MR T

fi, V40,133
(%)

#
20 RFElEE L ST o B A — AT O
flatwise fall ® 2% %%Aii’)

v =0.84440, 273 1/1,& 0.170

(&) v w

Reynolds #oRWEEIC b7 » TERIGES LTS
i Becker i3, BPIERT 2 IEHTEERR R, &
EwmmleE®ﬁf%x6hét&ﬁbfmi@%W
REH LK,

R=R,+F,
RBy=aC’ymusd,/8 {18
Ry=C A p0(u2/2)

Zh bORBRRI oW TERNHRNE S 45, DBecker 11
d, B0 Reynolds Bt Re< 20000 Ric B\ T
ORI K 3 X OB OB O LT,
O DL R EEHLED,

K=24Re;+ C;2Re,> {13

=3, 53—0, 832" a0
zow, Kk, O b CrofiffiRoiud, @),
e Ik LB,

K=1/} @

I

) R T RIS 2O R EA0.273 8 £ 5 8,
THEK0.2TBOMY LEL BB
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C'y=CRe, o)
18604E iz A D, Quddus ¢ Nawab 513 Overbeck
OB b2 Cans OEEEE o L, BvH
BT ORN £ BB L ERGRS A 52, TORY
MEREE LD,

R=6rau{u/3) )
(ELE et A Fellehued, DO BRSRY A T L
B L2 TH B, '

1=8(dy/20) o

2w, Cans BAEARRETCELTELR § 0
fEvE, MRS o MEESE § LT

1) MEiEiFoEROFEIcbET 5, edgewise fall

DHBE

§=(0r/16)[ 1 —(85/37a)] 2

2) PR MR e Bl A Wi s fE 5, roadsi-

de fall migE

§=23r/8 {6

), O E PR - A L, edgewise : broadside
@, T d=n/ 2 Bofclr B OREER v, & ow b
DHE L L, .

(etef23) =1.50 1 — (88/3ra))] i
LD, 8b/3mal b, TR O ORS S
Bl & BRI w/up=1.5 LB LSO Qud-
dus HOFEMTHY, FBEL LTLAI~146 84T
W5,

—7, MBS NiEEe SR SR OmET 2 b b
roundwise fall DA (BdT22k <, BELL D
DB DN TERERA ) T 5 Burgers &9
i3, Chakraborty iz X » THBENICERE IIVEFD
B LER < SN, Burgers QBT 57E
HEROBTEREE 2 OWICEE » 2hdlfo Lok
85,

A=(3d,/ 8 D)[log(27/d)+0.50) o8

LEC, d BARESE /EHERSTHS.

W E WS AT I & B —r T D RREERR & & E S
R, WEEEC X VEEET 50k Kunkel
LFEIFROEEE e, RoORMEOFERE 4., ZTh
i, FREEEROZE {#bshs,

dw= 1 ~ld/dsy=1—1/v77) o

PLEYiXRlic, S Pt Ba Rkl
FTHEFAYI ab—a Wik Obrien OpfgRs
5, MENTRERY, Helss SORBED FEISH TN
A1 O'brien OES LGS 0FED 0GR (fo
rm factor) f & 12 OBBRENROTL{TH S,

A=(do/dIT L/ (1 +7)] B0

7, Wakiva DIlGEL2) =42 Hnatow &0

ERARES), BT i B+ 5 Stober EC’J%B?’::*’“)
LREOREE, AETEEKELLS.

PAEER L T8 , SR ohreR e BT
BREFIICHSMARS LORRbh, BoRBED
HEL - THTAERRBIYUBOT L2HH, RO
EPLEED TE L ORRFBIEERTE AN EE T
WiRWL, £, ThELORR LR, BTOnE
FROBEREFR R L A E AR &l g UTR
ALTwsrpndbh, 4, #PLELTELOER
T SRMNALETH S Z LIRS b5,

4, EETEZR & EMEE
R DI EERE R BAR B, ARSNEZ L g

L BEREASFEEMITORE SITHLT, B3k

R BEEICE R AW R ATRIL TR
HECE, HFORESKHELS aFRARES0OH
Bt RFOERNCGIAREEOBENMERTA LS
i s, IhEEmEE (wall effect) vy

BERORERE, WEEET 2T X o CHkR

éhéﬁﬁ@@fﬁﬁa‘mﬁ, RFLRBELCI-THESK

Litdhl, DOmDdAE, BT OEREEE o
i Stokes bR B AHBAE o LD A S
WhD L E, B, HREMAORF TR X -
IR O RN CHEOBEE o PE2 5
Z il s,

TEROWIRIC BT, —OBEEHRERETS D
iz Ladenberg!® < Francis!®) oifiERLZ {
BRIV a, Zitbik, MEFRERROERE Dy,
WIS E 2 @R AEnll, e Sk {a
5, _

1) Ladenberg ofs s

M=wfug= 1701 +2.40d,/ D)) B1)

T L, de/Dp<0.08

2) Francis ORETRE

t=td! fug=( 1 — (dp/ Dp) )22 32

L, d,/De<0.83

LinLzh by, & il BlL TR bhi
FERRTHD, LdioT, d) RIEROEREMRNS
&AM, Zh bR R AR sk
TIRLTEOEEFHLTEWOHE S H», £k,
FTEZL LT, @b THTOREE & & T3
PEACHROSMOS BTH D, FREEEOR
FEASIEITE & e A A IR X D R b L 2 B
5, Heiss 5% 348l Lie & 5,  $&Sahic fala
FRERORT 2 W e BB ORR R b, 2 H d; DR
MHED S L, HOSEY do=0 L4 5 HIERE
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o T ERPDROBINAYE 1o ELTWE, =
DRFELEHROWSE AT 2 4 0 EBEShIZTHS
505, de=0 OPERER L AEECERAI W TH,
SHIEHIPRDENIQ TRV EES Bh5,

B oMECELC, RO OESIcET3
— R R Lot Brennerl™ T 55, A1,
HFERT 3 e LT, Sroiibtysk, W
DEITEHTGRD I AR T SRR ONTGT v
OEE& T EA L CHRNIET 2170, A3iREei

DWTILE B A TS, B, I esieSisn
W, HTHT A MEARERO AT 25508
BRICOWC, FEOMEMIC b &3 HERE T
Aok dHleis,

i

{4 {B)

BB BT OikEEE) ‘

(Al 3 AR oATE WEsaoEh, &
'j—’\!‘) DIVEDIT, .EF" L,TLTCJ: Zj filéjﬁfiﬁi
Rohs,

B Fek=V rifIgFOmE SRSk
RABOEY ) ¥ —ED v o ZERD
P =

=1—2.104{d s/ D;) {33
B0 dp KERDEREEMRATD L &3,  dy/D<
0.20 OEFHCE), IR WEVTECEZ I b, &
EooBENEOFER B N Th T,
LR L7 £ 5 e BEEER L, BT REOR g &
SRk CRIF OB 5 Brenner BEROIE £
&, FEHR T OEBE R Helss. bOEREEL B

PRemz CREFE TS o boiz Blumberg L Mohr
DRED PR BB, YT & Aot
LOBMETREEMRO L {ChB,

d=u/{drgvy/6muc) =((1/0p)—
(1/9a)1sin?e+(1/0) —Klc/a)] B4

CLT, Uy BRTOERE, 40=0,—0 THERDE,
WFORESTEE ¢ &, c=dy/ 2 Ink g, MR B
(BEL? A ERUERD LD LS, FEITRENE 0
RFIBRD S BT s B R OIER T v Y v, 9
LTS B RO TR T O ME RERAT
5D, G4 Or HENEFN O ORITERARE LU
AR AMORS T, A 0 KEETE, =0
Bl f=n/2 THROATE LT, HEE
N ten, B N

1) Mo roundwise fall o4

lo=0={1/0a)—K(t/a) (3
2) Mo flatwise fall e
dp=rrz=(1/@p) — K(c/a) (6)

LOMRAT, e=d,/2 L khiE, a=D,/2 THEh
5 c/a=d /D, TV, EmPRoFyN K, i
5 [ O ST AR MBI T & A1 Brenner A3
HizTwa e { K=2.104 L0, 5, BEXoED
EOHEBEATE 2 EICEL LS, Lbl, BT
e @ O, T REA PR o T A
AR : ¢ & LT, 0a=8/3%, Or=16/9=[{H, 5o
FENBMEY Lok bR WA R Th 1, Blumberg 5
ORI TR S AR Y TRE 2 LTS, 55, 0B
AT 1 OJEEN b AREEYN d=0 050
D4, Op BRI L - TR TR B4 (He-
iss HOBEERRC) Dy ORERREY, BEE B
FReh-eilm AR s T 1 ki, FhlzhEdn
T LR OBRCEN & oG ERD B L HEME
PUELR-TLS, BYai, ZOBRSEBATE A
BT SRRV ERAE CEREND ek 3D TH
3,

B, EELOERMBSEIZONT

CHETICHRL TR X S T oBSEE L £
FEFECET 25882 ~C, BE LR, Lo~
R ORI 20T, Mo Ok o T A gk
W R ABEESTHIIE RO« ZOMEIZ oW TETOR
R 21T - T Rk,

B —JERfpgaL T DI E BRI > WOk, [
ki 7o roundwise fall DIEE DN TOLTEDH D
A5, RO B A R B TE ~ O B ET D SR
B i OIS EOMEAERE LT 2 28ELY 57
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MR R LY, ChE TORMBR TR, Heiss
LOMERRET O 84 (HiEo Tabled), Kunkel
DEBROBE (BiEo Tablel) BLUEEOEE
(BEf&o Fig 1B LU Fig.2) 248, ¥ i—ky
b DORRE R CRIEREOTEAAERES L bhiels, &
Hled{ OEBPERZT L T XL THlRRNES
Lk, BMAHATITRRLEWEELTWE,

Fim, T F LT ECVEy b ERY SRS OR]
FIEOWTH, BN TFERHRL LT Z0HEL S
MREL TSR, moTld, FOFOQGLESTS
B4YHRL T REOWEMEEHIC X B4 ORI o
WUETORMNEELBZEITL LS.

A SEEL 754 7 v = LTRAOF 4 EOER
kR - 2B OBR L bhic b oRENTho
z.

Demar=1.30ds 2

I, de BEEOSTEBNZIETS Stokes &
CH Y, Domes t3, HEE Stokes BirHEL TRy
MRz TS oY v AR TR R BRI T B L
T bhiESTHORRERETSH 2,

WEOROBRRENS L TERERS & &, SMkiTR
OB ¥ B Stokes oo 17 EIL LI
LREENBZRIZARD, Livd, SECEELTEER
BATE Stokes ZOSREIT b 7o o TR RT3 2
&k, BUCHIIOROBEEHR O BT S & 5 7 A
PLOTERWEEL LN S, LizioT, ZORED
R e R A R BE T SR BB O 8, X
v ARSI, BT OMESTE LU T OEE
FER SV THN LR > g5 80T
53,

1) ety MR SRR ik v T

T FrTEr ey hOEBREER BT 2|
R BT Bk, EEOMERD b, BELR
R IR YETE 2 B ORI E C O T PRRRERER 2 toin
2T, S BTFHI 4h OES e h R R
HEahRTR bRV LBmMBERD. ThbY,
ey bOT N RIFEETE B,

H & ORI LY, 20~30s ORI Tz LT
i, COFTpEEE 4k ik 2cm BED A Thwa ke
By Domas 77 BWET-OWBEES Uonas 2HiE Stokes
BOFNE g LT3 L ERRBRTT 5 L LS
CHAHH., L, | EETOLEER TS,

A= ooz — )t 3
LT, Uemar=Domas® £40/188,  tg=dy% g40/184
OERD SUWNEBNEN DR

Dcmax:kdsf (44]

Uemax =K s {5
R AMBEBERNT AL LN THS, ke Th
%, Linti-oT, 45 L Tt s,
B b= (B2—Dugt=Gk2—1h )
ZETC Uug=h{t THD, LBoT, A=2cm, dh=
gom kTSGR B k=105 LW bil, 1)
B EORE L LTRSS e By,
Dypyast=1. 056y )
2) RrF @B o T
S AR & TR Ok A R AR L
TWHEE LD (v, ZEBELERNWETh, BREA
WTEAEET B ERo De EENE TR 2
BATE D,
WEBVERBITOBEE 0, 0/ —0=40" LT BE
U BRSNS Lin v hidie B Aavie b,
Dimas® 840/ 180 =do2g40/184 48
ZoBEREERoERE AT =1 LT,
1, 80d 2 407 =d 240
40'/Ap=0, 5913
H I ARROEEE2.60 glem® Ly, o, O
»=1.80 (g/cm?)
L729, Domas=1.30 duy T % 7edIciZ, PR
XEBHBOF S ARPEES LR bRV kRS
B, EEBITIE T ORI KR bolt Donee HBRTD
TR PR R,
3) R OETERRIC 0N T
Brenner (IESRE 2 BHHERE 4 2 BE&OHET
YhEhE & BEE R BHER U CHET L, 23keo dl [ R
L LvakE, LOFEHRC b LS EEED
b (oL el =
A=1+43d,/41 {9
Wi, NTHORRE m, , MERREE V., BT
BOREEE #, FSRTRE 4, WTMEE C BT
niE, BoRBRAERSLT B, )
} 0

Wy=rnd,®0,/ 6
Cy=my/ Vs

—37, B Eo ST TBER o E, v=V/e T4

Zbhdeh, BERTFRER / lcown T,

I= (o0 y/m)¥e=(8V /mn)¥ )]
B, Cp=my,/Vemand,30,/6V, OBEEHE,
Vs/n:fr?_ﬁ!?p/ﬁic.p 52

OB L, #5E, { mon TR T s 2
b,

I=dy(0,/Cy)% 53)
Licddo T, HBe ds & do=d, &R W,
Bl X B i B,
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Y=14(8/4)(Cy/0,)% 64
LicddoC, HBdEL LTo Cp=0.02 g/cm?d, o,
=252 g/fom® & kR A+ hid, i=1.154%5
h,W%ﬂ%@%ﬁdﬁﬁﬂv@akLramme,:
a)é%#*

emaz= V' 3 A =1.07ds W
OEERZ b L, ZOBETHY L3

DI/ ERIEE Lk 5w,

HRfbRTakoic, Bx0h3= « Z0ERICHE
TEARMORERE, WP LEIESL P VEE NS
T, Ty FrrEre<Sy bEEERE Som & LCE
Bih2BEmPROBEINSE BCbmbh 325
2y ZREOBE LD LA ENLDTES, L
oo Thivbitid, ZORMECE LT REa35 548
IR L TEE R RETON, hAVES SERCER
PHAETS00, LUEERBHNES LR R bR
WZ kit G,

B. 1 El

WD B L, ERRED 5 R b JTh
OLFEEE L OFER EEIE T IR IR o v
T, E& UTHEMFFAE DL, S EToflRic
WTHEL, FELOBEIZOWTHNEEAERLT

S o

W EORESTRORES, WHRILSNERE B

ELT, ZofEOMEOMENE, Fh b8l HE

LY, F&@ﬁt@swﬁﬁikﬁﬁﬁgﬁav%éﬁ
TEREEoE, DR HEORTIC, AfRE
T d bk bhBEC éh%kbt&%ﬁ,¥%60#i_
U DE D LD TH D,

5A X B
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BMERORTAL D VTERE

Packing and Bulk Density of Powder

1T £FAWS

WEOWmENE, TR B Y, RS
LT OEAR 2YEETEER, TORTAREBOWDS
AT X o TRELELESHD, TOFHT, TS
RO b o & LRSSk —Th 3.

B 7 St A 1| O o AV o AV Y vl o =ML
EEMER R o T B, ERAESEE LTORER
BBk, %Wﬁ Al s LT h = & RS2 0
BTAHHTH

%ﬁﬂﬁfh%ﬁﬁﬁbTi&bfﬁ%Kﬁthm
BOEIRD S EBETE B,

(1) REHERR (70T AEED

(2) e (REMEED

(3) == (HHImR=R)

4) ZEphEy CRIRRED
(5] FETARE (EFHR

Zo 5 BE), 4, BRREANTHD, HoAHFHTIEL
L biA A—UERELS T, 2FLIOEAOE
fEERDDimbicis, E2EEEERS, * —Ricdy
A BB A b Al B,

SRR LI (2, ¥ B B kv 2 ilhhgssy el
PR TH SR, AR ERENA P TEEE R
BHTLRTED 2 ETEER Bveahs 2 is

*OBBRETHE (T184 AATH A& TR 3
THT7—2) TEL 0423-81-5341

B MAks C=(Vo—V)/Vo=abF/(14bP) X v F/C

=1/(a-by+Fla oMErEBECaR kR s (7

FrERT), zok Caby-L0E, Vo g
AW, VRINETOER FREN aBIFon
BiEoBERThs, ToeRMYERELRD
LTWHOT, HEEERDMo Tk Thais
BAREDS, FEMRENEE BRI BET 5B,
BEESE Vol 7, Nog p. 20~32 (1970), #IE.

Rl BERLR AR (BF42E) b, 719 kKX h
R o AANE,

rent Density 25 EIc &2 &

N v A/ S

Kawalkita Kimio

W, k@0 aHEE (Bulk Density) Bt B
& (Apparent Density) 1d - & bERCENERD
FTAHEOERFERTH S,

B BETREETRE - T B EE, A — LR
FelRVEEMEEEETH Y, BEic ko T, &
B EREE LOERERIC 2 2EELH 5, wWnkha
MTEER, SEPHRECER FRE LTRBETH
= Th) THIUIEE (B iHET2, ERhE
R ASEEETHD. L5 PREOBEE O R
REERLOTHE D 2 Em e, FRE L
OHETH L TR RERE A bR o, BATE
B LHL, L bR o TR RS & R
PELNTWDS LR 2w,

S B EE D AR

FHEERZ O LS T o b LRI T AED
FBHPET H3IC bbb bY, AFHO -
B PR 5 BT R PEANEN L ORBETE
A5, JTTSkish, ExREoshcts2, 3
OLOER>THRBEHDE S CHBD

K501 &y (EEED

K672l Ayl GEMY = — D

Kesol RE e By o e s v LR

K691l JLiEMEE GMELESS 2w )

RE126 ¥ HE (NISHRAED

72504 REBE (&)

TOEMCS, BRTABE, »EE, RH#tE A2
NZ R ERFAERTNS,

BEPEREOEAL LT “hHEE B3 2 TH-
FDR OB AL TH D, FFEE AR MR
COBAEER-THE L, Bulk Density & Appa-
&, Bulk e
FOREY, BFEEFL VI, ARREHLVL A
%ﬁbt.bmkupm%ﬁ*ﬁcrﬁ&%éf&'

Wi —OER & L CRSELZE OB TEs Tk
FRERSC THEBPT R o e S A OB X D AT
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