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A genealogy of impellers has been constructed with various conventional and new impellers
classified into radial flow type, axial flow type, and mixed flow type. The genealogy suggests
some possible directions in new impeller development. Recent studies on mixing fluid dynamics
have also been reviewed about impeller flow, droplet dispersion, numerical analysis, and
chemical reaction in turbulence. However fluid-dynamic behavior of impellers is not fully
understood enough to predict suitable design in new impeller development. At present the
development still requires experimental decision of impeller design by the trial-and-ertror
method.
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. {b) Axial-flow type
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In response to the increasing technical demand for high efficiency and versatile applications
in mixing operations, Shinko Pantec has developed the advanced mixing impeller “FULLZONE".
FULLZONE can work with higher efficiency than conventional impellers when used in such
‘operations as blending of low to high viscosity liquid from 0.001 to 30 Pa.s, suspension of
concentrated solid particles with relatively large settling velocity, liquid-liquid dispersion with
large density difference or with large viscosity ratio, and jacket heat transfer. FULLZONE
has been brought to market since January 1991 with expectation of improving various mixing

‘processes.

¥ I » &

A, ORI T2 BERIEHEEL - ZRHIELT
BY, REREEIMCHETE 2EFEBIARD BN TN
Bo BT, Ny F7uw XTI, ROL 5 CEENOEE
IR AR R TR E E TN B,
cBH-BA L BECEESECORFAES
WE LB DR X RN DRIG
(BB RS o BT 7 (REAVBE S
LR B D K & Te LT DA
EWEZTY —DBE B
B BUWT T o — ik

¥y — TR IETE RO
{EEBIWT & SR P~ DRI B DT I

TN DOGREEE TR THERORBR S IEL
{Wh, ZHEE*FARCHEEI LA EEREIEREE
RN ET L o TLRS TR\, Ytk Z DTy,
LD X5 e, ZEHMAL, SYBCOBERERE-
THRABRBOMAELITV, D TEWEGEIZ B\ TR
BAEH#ATIBEE oY~ ] 2B CIELH
AL, RIET7 Y — ] ORBEARBAT 5,

1. 7)[/} /@ﬁ/'lk
B1RCRTEED, 7Y~ ViZ LT FnEFREr
BIHSBERFFDUERRY A PN F V%R 2B, SRR ASDH
BIBRER > TnB, RERT ERD, ZOBRIT, &K
FRERENT & R BB S RRIC X - THALER %7
WEBHEL LR LTEL N,
1.1 EFmik

« AREWERE
- B

AN

BRI OWTROBELZHREL, FOEABRYHRE
L7z,

cBWHEHE TOMRL WE—EE

« B t/t&ﬁﬁﬁ%ﬁ$ﬂ7W«UﬁWU+/tk%

HERROBA L WHEESRTOEAIFE AL -

RS R SR X —DDEBROBM A B L TOR
BIWEEDER '
FORER, v A PPV EERERRICEY, BE4=EE

mhﬁﬁarwzﬁﬁ%ﬁ%btog%mmws@%@ﬁ'

ENOYBEE LRTEBZRE L,

B1R
TN~y BERLT
WY
- Fig. 1
FULLZONE set into

_a vessel

Impeller
“FULLZONE"

6 : ’ TR T 7 B

Vol. 85 No. 1 (1991/3

orrm AT e e n s Lmeams e s

. ..4__»,_ g e




PREE R Y \\\lllll'.:
ooV s,

V\@’:}

YNNI IR

RSN Jozan

NN 4

.\\\\ll/ e
/

RSN N X
N
BRI )

=

Velocity vectors Contours
— 050 2 sec.

........ o)
..... - TEMAE « OFB)HG J BAEE
: ”' Rz
RURRA] :: Fig. 2
‘.:f” ﬂ Effect of the angle a bettween
LML — two paddles on flow pattern and
: s — .

mixing process

s

1) FBRELITEREOXREAE '«
@ LEFE:TEREOEME:: L

@)  EEBRE:TEEROHMHI T ¥R
1. 2 #®EF=E
1. 2. 1 BiEsER (RAEBERET

WAL, MBOBREMER L F0ENEREFATS
BEAEDYIav—vavhbinb, PSRN O 3R
VoD B T TR D 1o RIT, FOBREFACTHEE.
BIEA LB E DBESTHORRELELY I a v —¥
2 YTORDI & OBEERROBRIL, MEKEREITER
DEEERBE WBRBICERE LAY,

1. 2. 2 EB&ER '

RogMollecik, =- FEpoE6&%F 487 b
)y A CEERETAHEELRA L. 2~ FERR X
VFAFEEF TV v LRI REE & R U B ERE L
D% FA\ic, ¥hF AR Y v L BROBREER20
% & Utro BERIIINEEREDEFEEENBRE L.
AEFRTIE, MEE0.2m, HE04m, A& 100t LUK
%04 m, 15 0.8m, & 80t DA/N2EOBPER %
AL,

1. 3 BREFO®KRE
1. 3.1 LRELITEEROXTEZAE !«

LR TRROZEAEDOBEWIEENORE 2B
SRR RETHE Y BERREC L D FE L. FREE
BrRERET, ¥k, TEAE L, TEREYEELLE
BREoFAE*EREEFRCHET %,

FHELEE
3 MED=02m, Bx,2vd=0.12 m(d/D=0.6),
WEEH=0.2 m(H/D=10), EREL=0.02m
EiEE$2.08 1 /s, 7w 7 V7L
RS Pass, #%&1400 kg/m3, Re=84

BEBATHEENE L,

HEQ: LRE: TRESFA—FEHRE («=0°
HE®: FEREL TRER4 7 v AEE (a=45°)

82 B RS R L OBABEERERT, a=0° D,

- EBRERS IUTEENSHHAI N RARERCE WTE

WIEETEE L, RS RER L TE & O o HIB R AERE A
BB, —F, a=45° OE;, LR D TEHANOHEE
EHRBATH D, CNEHET HESBEOMERIRD L
BDEhb, a=0° TIHBAKIOWKBLTH TRERE
CIEE IR S NI DA LT, a=45° TIRAR
0 CREDIC ¥ CIREmE R EIND, BILY 4 e
FArE—EENCERETS LD b, 45° 07 v AEET
BHEN, ERELTRELOHENIDRMND, HPNRE
BTN D, AFEYFWTEADOTEAE a xBETL
FofEER, o =45° ~90° 2 Wb/ AEHEA L LTRHIN
7o
1. 3. 2 FBRE:TREOEME: L

FTHEREAE a=45° BT, @R L TEMEZ
BBOFETHE Uiz, FERGARITRT,

. BELRE
5 FRER IO TEREY 45° 7 v 2 HE
fiix 1.3.1 & FIRE
HED:L=01D
HE®:L=0.2D
HE®: L=0.3D

%3 e iEs e Rt L TERERES0.1D250.3D
F CHMT B Lizaiy, LEREOMHEHRSTRED B
0.3D TR LA EBATS
L TRREOHBEEMLULEZIN TS, LLE2H
THELL LA, PRIWVESEERT I ETED

Vol. 35 No. 1 (1991/8)

.@%Nva&ﬁﬁ 7



. L=03D .

..‘\\\\H// ,,,,,,,
NN ERN] v

ST Y A

ETRITOINA\ Y

IEE NN SRR

— 04%

B3 HEECKMERBOEN (a=45%)
Fig. 3 Effect of the distance between upper and -
lower paddles on flow pattern

’’’’’

— Vr %]

0 0102030405

[

Paddle impeller

B4E REBREFIREOHUGEO i
Fig. 4 Comparison of a retreated-blade and flat-blade
impellers in discharging flow

Retreated impeller

TN ERTHZLRBETH B, RUHEEMS, EEE
LeLTik E3RHB L=0.1D BRELFE LV EEHEL
7zo :

25 L Ta=45° L=0,1D CidL&b¥k2BY A F
NREVERWS L, ¥E 2Pas B LoBERBTIIERS
BRBRIFBEE N, Ll 2Pass DITOBHSEL
WAEBBT HREETIE, L TEOBNO DRI HBREE
iy, BENCIBINERTRAERNRR DN/, &
G, FBREOEMETHACEETARRO7 « ¥iTkh L
TERoHENODmNY #RElL, HPLhRBAEEEREL
Tro TDT7 4 YDBEMCX T, ERBRLIHBRCENT
BiF—BAME B2 RN TEBENLD TR, BR
BT ENT b —BRFRIBSNAIEEL L - Iz,

1. 3. 3 LBE:ITERHEOHMAA T ¥ 2 .

SERETHR L WEHEALITH RSB 7
VANEETH D, BT TLERLVETEROERE OH
HAaikd 52 & THREO L WENEBESEER LT &,
FEIFCIX, BIRE & BB O AR ¥ 2B RE L,
TERRCEERYIRAE U CETHOMA 2R Uk
B EBHEOR AN T, S FNVREBEEARED
R FEHEOEETERE E4BH TR, BEHET
RESBCOI D EESEHENTE Y, EsReHik
ﬁ%ﬂ}wﬁw%hmﬁ7$%07ﬁ§h
1. 4 REWR '

LB 4 DY A4 FRFN, TREBRI®LY A
FAFVERAL, BROEEBELBACHELUTRELLE

50E-5 T T
Dual wide paddle (@ =90") L
Surface
=) !
&
25E-5¢
Q
Bottom
=2 1 .
\ 005 60 120 180
t [sec]
50E~5 T T
FULLZONE |
= | Surface
g
= 25E-5F
© I Bottom
1 1
& 005 50 120 180

t - [sec]

BEE TV =rETAL PPNV 2ROMERY P VR UBERE LR
Fig, 5 Comparison of FULLZONE with dyal wide paddle (¢=90°) in

computed velocity vectors and concentration response

BEAEIRICRTINY - YDBRTH 5,
FEEERTCORSHERA R LTINDOIRN G
e TR AT A DU T O ERBR 2T, EA
CEBLA2BY A FAFVZZOHERTAY v R
ICHBL S B RWEANERERD, TD2ERYV A FAF
Nl 7 VY e & Ul Re=1LT0EHRAE CHIEA
7t voaE L IREE OWRE R L OEETOBERE iR
EZDIBOERZLONTRYD, FOEELEDS HITRT,
2BBDV A4 FAFNVTIL IS0 HEEL Th 2 K COBER
ETOERBVEEAKRb->Thlv, ZHEHL7 VY ~
VTIRKI T2 S COBEN—FH LEANKbB, 7V
Ve EBRT A TRIESRED 2BV 4 FAF VDR
RSN TIEET 2R E RO,
2. TN = OERIERE
2.1 EEBRME
7W7~/®@Aﬁ%&,%ﬁ@@@%ﬁﬁ*ﬁﬁﬁf
BB77VF7-H, BIV, REWLTEHEETHLX
TNV IV RVBREEEL, BE1~50 1DERT. .
0.001 2+5 40 Pa.s ¥ COEMEFETEME T ISIEER—
ELTRBOEI L NI, 7Y~ YTk, BEDLE
BERTIRATEMOFENRL, Lhdb77v FI~ER
VR BB EWEE M Thil T 5, L
LR EEEOEAEEY n-fy-Re X CEELESE
ERd. b, %R Zlokarnik o7 — & hs b REEE
HOBTHB7 7 — L BETEREYEC, ThbO7—F
EALTHE Uiz, 7Y — ik, BEBICEN Re=25
NEHEAT W TH D Re=105 3 - &\ 5 K\ Re #fiH
T, TERNBIEL DN TE BB L D b/NE7 0y
ThY, BENCBREEEELRT, ’
Fio, ETHEIR, FEEEBECOWTEREI ZBARK
D ERTCARB 24T » 7o ZlokarnikD ofgRic 7 vy — v

E: o E R

YFY rEHR

Vol. 85 No. 1 (1991/8)



1018 ey

Impeller type .

ll T T 1] LS 1 1 1 ] 1 1] V
1
k 1 a1 i v
- 10uE\ : - D fe-Desp— D D
: \ b a . rv B I v [l I—}VI{' T ol 9 r‘[
1012} ] : ST .
f ‘ a1 # Ej vl [, Eé bH
100 d g 1 J el J, : 1 il _ﬁ
108k Propelier Grid type Wide Double helical
i paddle ribbon
106k < N z : FULLZONE (with baffle) f: Quadruple flat paddle (with
fellér ty 2 S a ¢ 4-blade anchor (without baffle) baffle)
10¢- mﬁi Ie l;pe b : 2-blade anchor (without baffle) g : Quadruple flat paddle (without
. b l——il j~ - N o N ¢ : Double helical ribbon (without baffle)
Jlth baffle——ste———without baffle—— baffle) h : Grid type (without baffle)
1074 103 1072 107t 100 10t d.{'Wide paddle (with baffle) i: Grid type (with baffle)
ovn /D p [_] : e : Wide paddle (withvou;‘ baffle)  k: Propeller (with baffle)

L OBTE AROBAWEOHE @okmik DFEDICLB)

1035 T T T T Tt LELILE RALY S e ML L)
- 2 . _
T E N
C . TSl ]
S oL [~ FOL0NE e ]
= 10 E | -~ Pladlerimpeller | T~ E
[ | —-— Helicat ribbon ]
- | =--— Anchor? .
I | ===~ Grid type impeller ? . E
L) sl 1 ll||l|||' 1 |‘||l||l' 11 l||llI| L llllllll
1 100 102 108 104 108

) Re [-]
#H6® neon-Re o -

Fig. 6 Comparison of nsfu~-Re curves for several impellers

DRERIEREZEML, BEDRLLB L HRTH S, &
DT 7 2 vy PR THEHD 512 CIBEAHENI W, D
0, AUEMHECR URARLFTIEORME TRAT 554
THE7T® v + SN BHRIE SRS {BH
T BN, Zlokarnik i, HRADIEL AWHRTHSHE
S HEATR LR, BHE ReBOE U TRERER
Br4BE (I~V) $5Z %Rk, 7 VY ~ Vi,
FHE Re B) MTHBE L INBHEL ) ARDOLTD
ﬁﬁf?ﬁm7u;r§n,mmﬁﬁﬁﬁf@n%ﬁAﬁ
BEZ D, ‘
22 EEE
%@@a%ﬁ%@eﬁ@&%ﬂ%bf,@&ﬁfﬁ%é
N BEBBIRB OO D RIVERRE OO L HET
BLEMTEBY, 7 WV =¥277Y 7 ~RORHE -
BEREOTREEL, SHHORET TR UEREE
8 RICRTo 7 VY — Y ikHEPNA T LBR  ERV RS
%EL,1&@77WF?—§ID%%MV%h¥ﬁmﬁ‘
FB IR
2. 3 RBRIBREESE
2. 3. 1 EWRARHERE

BRI R DEEMEFHE D 723D A A > ZTHuH IR D B R ER
BT olco MITBREEZHSHETNOSBLL, 7MYV -V E
77V F7 ~BEDOWCHHEE & BB X2 T
FOFEREL B Ut BBINICRT 5 RERREY
BE6 (01D) wRd, ¥/, BKEEETORNTERELE

% Fig., 7 Comparison of various impellers in mixing eff1c1ency usmg Zlokamlk’s plot®

1.2

| [Liquid surface

o
i
T
\
Y
B

\

T
“"“_'—'_’_g,ﬁT_' _Eé)j"_'_'""_'
10F ' i g -
b gl £l FULLZONE
\\ Z| <
— 08 \ {
| ! \
L i N {
A 06F AN
E _l—l AN
[N
- 0.4F L. | \\\
!
:
|
. [}

7000
h [W/wK]
EH HEECORGERESM (X, Pv=0.15 kW/m“)

Fig. 8 Local heat transfer coefficient distribution on the vessel
wall (Water, Pv=0.15 kW/m3)

4000 6000

0~4 1 T T T T T T T T v T T ¥ T
X
= 0.3 =
g //,— .
g 02f T .
g e
2 ol " [— FuLLZONE | |
& ’ S -~~~ Pfaudler

11400 o - l’, (YRR S TV SUURK TRNO S W N |

0.0 o0l 0.2 0.3
Py [kW/m]

FIR WFEH—FEICHz DBIIO
Fig 9 Comparison of two impellers in power
required for uniform sollds suspension

FERLTT Ry P UeEREEIRCRT, 7Y~
127 7Y ¥o ~EOXNLI T OB CHF D E—EENT
BETh D, EWREHECI T HENIEEER EED,

2. 3. 2 WRWERIEEE

VTR DA MR D 72D 1T b LD EBRH 1T - Too
20 vol9g o EfTid (R 790 kg/m3) & k% BEREE T HE /2
L, R 2EOHHMBEC OWCHMEE MBI EL X
B CHR OO BURRE % SIS U, MEEE CO R
BELYBE)HCA LT Ry P LEABRLFIIRECRT, 7
WY =37 TV F T ~BOK60% DB TH—H 8 H
BETH D, BESBTRNT HENMERELY D,

Vol. 35 No. 1 (1991/3) b AN

7V 7 58 | 9



-
=

(H/D=1.25, d/D=0.55)

— : : 107
Lo 08 ——— FULLZONE 1.
.Lg 06 -~'- -~ Pfaudler ]
g 04 -
£ 0 d
S 02 10— i
b i L . PR
00 0.2 0.3 0.4 = e L
Py [kW/nv] v
BI0E WA e IO
Fig. 10 Comparison of two impellers in-power 1001 UL - - . ;
required for uniform dispersion 10 10 10 Re (-] 1o 1 1o
of liquid droplets - €
FUER Ty~ HHEBIIER
2 ;/V%ﬁﬁffrﬁ&#ﬁgﬁf‘]ﬁk % 2 8 TR Fig, 11 Power number curve for FULLZONE
Vo= I y I PEIT /Ny
TNEDHEERRBLT WD, 2# %y 7 VEFORRE f&%ﬁ%ﬁgiwnﬁan@%mwﬁ. N
BNy B1NE CRt. BRETHE Np-Re fE2i% able FUnﬁpE';oigsgve comparison of various impellers including
: A FE 5 B
20 L7z, 7—~KEE\ @@jj}ﬁﬁlF)?ﬁ,\ﬁﬂéﬁ 186 & Tmpellers Propeller | Pfaudler | Paddle | Turbine | Multiple | FULLZONE | Anchor | Helical
F@Eﬁ%—ﬁ‘i‘ 5, ﬁLﬁ@f@iaﬁ%ﬁ‘ﬁ@ 575, impeller impellers ribbon
[y A > Z Viscosity { High X X X X X O A @]
8. INJ-UORRLERDE Rage iMaim| x | O | A | A O] ® | 0| O
TNV - DIEE i Low O ©® @) o ® ® O A
AT ’ (S3as Lflmd A @] é © g g X X
o e e - olid-Liquid A ©@ A A X
VAP EL2 &ij’:%m% Mixing | Viscous . X X X X X O A ©
FTEBRET 4 v ETRERE Time | Nonviscous | O @] @] O @] © A A
MERE Shaft torque
S . N Capital cost © © © @ O A A X
(ISR TSR &\ — B A 5FTAg —
100Pass DEE T CIRSTEE, e 0.001  Maintenonce O ) O o A A e} X

Pa.s~30 Pa-s TIZHERE L D B ANEIRET
X5,
QEN I IEEMERE
@YD In \WNBYF7 TRLTF O B — A R BE
W (Hoxrx-)
RSB
(D& BH/s oy IR
IEWHEERIFR C OB ERIES
BBERTY - OWBEAFTH BES
@UETEWT (EEER) CTH—ES LR iRl
it FALES BEES
NRAFX VT I X~ In ¥
4. ﬁ%%kﬁ?é7»v~/®ﬂﬁwtm f
(F
BEE, I RTA =V B LIORT Y v REAED,
SREEHROEHBWALEMEL T B, FREODEFEE & &
IV — L EDRREE THORENESENF o HE L
TN EZEX TS, COBRMLLIERRCHTB7 vy ~
v DB & TEBACETM L, B2EF T F0EESL
E1RTRT,
: 7W/—/®%%z%ﬁbtwﬁﬁ&br,@ﬁﬁﬁ,
BEd & OCWIRDE, 1R8N S CHRBEFOR LWES
BRUEREDRS IR & —k & OTZAVELRE, 2HMD
WRERAIT D BETHOBENHNI RSO hﬁ%#%%&
BEmENELBND,
Cah El 43 _
FEEHA (7Y~ ] ©2onWT, 20HFERER &
V7 R b CHER U7 MRS W { OB Lize & 20T

© : Excellent, O : Good, A : Permissible, X : Not suitable

WA Lie7 MY — v OMBENR 2 — FERIOEEE 7 v & 2D
W2, W B OKMETHBIT RSN Th b, F 72 Tl
SEDEFET Buvic MEKRERN OE: —BRd 51
B, BFEOV —¥F— Fo 77 — s 2 BEHERE v &
—~REBA LU, £, BEENREEENT & e OFE»
Bitx, BET BEEERCARL, ﬁ#ﬁmﬁﬁﬁﬁ
EHE LW,
K%%V%D%ﬁﬁzﬁbtﬁgxf%mﬁﬁﬁ%ﬁi
FFR B ﬁﬁ%ﬁﬁh%ﬁ®e%%bi¢o
(EBEXHE]

1) Zlokarnik, N.: Chemie, Ing. Techn., 39, (1967)
2) D (LT RLESERKIEAS T 307 (1990)
3) BHES : Wi/t 7Y 758 Vol. 34, No. 3 (1990)
4) NLEo : KT S, 543%, B6%5 (1970)

Kodansha = ;

10 : G

5) Nagata, S.: “Mixing Principles & Applications’’,

(1975)
HE'FJ‘—%HH

D ERERUE (m]

D:ﬁ%@ [m]

d :EEEzARy [m]"

H e [m]

h  SEBEEVRE [W/m2K]
Np : s [—]

noo R R [1/s]

P EHE (W]
Pv : B4 Y oELSH [kW/m?3]
Re : w4 ) X =pnd2/y  [—]

Vr AR [m/s]
O IBARFE [s]

o G IEEEEE [kg/m3]
et BRI [Pa-s]
Y 7 B Vol. 85 No. 1 (1991/3).




' : Double
Pfaudler FULLZONE Pfaudler FULLZONE h%lti)cal Pfaudler FULLZONE
. ribbon

A
; Start Start Start
2 sec 2 sec 10 sec
4 sec 4 sec 30sec
6 sec 6 sec 60 sec
8sec 8sec 120 sec
TR EAﬁ*J@icvl/tﬁx #=0,001 Pa .8, ER?2 EA%JEW).;WX #=0.032 Pa-s, ER3 &A%?@_ﬁtw u=1.2 Pa-s,
m* Pv V=
Photo. 1 Comparison in transition of Photo. 2 Comparison in transition of Photo. 3 Comparison in transition of
mixing. mixing. mixing.
Double Double
helical FULLZONE helical FULLZONE - PvkW/m Pfaudler FULLZONE
ribbon ) ribbon
I,
. W
Start Start [
30sec 1 min
60 sec 2 min
90 sec 3 min
120 sec 4 min
T - ‘ | ‘
! E#H ¢ &Aﬁiﬁﬂ)?z‘ﬁi #=8 Pa-s, Ems géé"%éug?ttﬁiﬁ u=40 Pa-s, E¥H6 *ﬁ?‘\‘\f(ﬁlﬁlﬁuﬂ)ttw (47 &k
A V= v = W/ me
§ Photo. 4 Comparison in transition of Photo.5 Comparlson in transition of Photo. 6 Comparlson in solid suspension
. § mixing. mixing. (Ion exchange resin-water)
) | Vol 85 No.1(1991/8) , TR 7Y 2 B 1
4
:



#HLUWSIEHS5 X [IMMISA-T J
V&nmwﬂmﬂ§ﬁfé——

New Porous Glass  IMMISA-] Y

— WL

——pore size ranging from 1 to 2

nm—
&ﬁl@ﬁ%’éﬁxé{i

% 2 F
Aklko Miyake

A new porous glass “IMMISA-II” has been developed by the Sol-Gel method. Porous glass,
one of chemical functional glass, has been attracting great attention as a separation membrane,
filter, absorbent, carrier for catalyst and enzyme, and so on. The pore size of IMMISA-II is
in the range of 1 to 2 nm, which could not be found in other inorganic porous-materials
such as zeolite, porous ceramic, activated carbon, intercalation compound and porous glass

synthesized by the phase-separation in alkali

borosilicate glass.

This paper describes the properties of IMMISA-II such as pore characteristics and alkali-
resistance under the comparison with other inorganic porous-materials,
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3-D Structural Anulysis of Large Vertical Vessel
with Leg Subjected to Earthquake Loading
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Tadaaki Miyata .
(Cla}:3nY
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Tadashi Enomoto

Recently the technique of applying Finite Element Method to predict structural behavior has
become widespread, Therefore, by using this method and hardware systems, i, e, Engineering
Work Station, we can obtain more realistic result.

This paper describes our stress analysis example that is 3-D structural model under earth-
quake load. A unique approach in this analysis is to model a 1/2-symmetrical portion of the

structure.

More over, we showed the two other cases of analysis, One is a vessel with lug for support,
the other is a model of 1/4-symmetrical portion of cylinder with inner jacket wall. And we
examined the influence on local stress that occured by the difference of these cases.

These results shows that our modeling presents a safe design.
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B 0.00 |—2.60|—2.25—0.48 B 0.00] 7.98} 4.52| 1.06 B 0.00| 5.49| 2.17| 5.49

C 0.00 |—7.46!—7.89; 0.49 C —0.14] 13.78 | 10.20 |—0. 25 C —0.14| 6.34] 2.29] 6.48

D 0.00 9.91| 9.36|—0.85 D _ 0.00| 1.14|—2.27| 0.19 D 0.00| 11.16| 6.98| 11.16

————— ’
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ROBATEL Horizontal Axis Peeler Centrifuge

UES  BEBISS
R
Toshihiko Tamura

B

The 1ndustr1es of our country have a tendency to aun at makmg the high-value added

materials much finer.

Consequently it is required that “the! process adapts itself to G. M. P.

standards to make it possible to produce higher purity materials.’
ROBATEL Horizontal Axis Peeler Centrifuges are de31gned for cleari rooms and to process
multiple products for the fine chemical, pharmaceutical and food industries in conformlty to -

G. M, P. standards.

Total weight and installation time are reduced thanks to its frame including two lateral
compartments to be ballasted directly at ]Ob-Slte
And its fully opening hinged G. M. P. casing which completely exposes the basket enables us

to clean it quickly,

¥ Z n & .
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Table. 1 Specifications and dimensions

Type . vBa.sket ﬁiﬁgﬁ Cer;%rfzféltgal Ar;’iglt:?)%e vl\‘/)lvighihrie V:/l;oitzﬂf Overrall dimensions
iameter| Width | Volume | frequency power g g L l W 1 H .
) {(mm) | (mm) [(2) (r.p.m.] (G) kW) [t) (t] (om] | (mm) | (mm)
EHBL 732/ 733 - 730 350 72 2100 1800 15 4.1 5.3 1900 1500 1800
: EHBL 1052/1053 1050 610 220 1550 1400 30 5.9 8.1 2800 1800 2400
- . EHBL 1322/1323 1320 720 440 1200 1060 45 9.1 12. 5 3500 2300 2500
" EHBF 1552 1550 820 710 900 700 55 9.0 27.0 3400 | 2200 | 2100
EHBF 1762 1760 980 1040 925 850 75 17,0 40.0 4100 2600 2400
EHBF 2102 2100 980 1500 850 850 110 23.0 60.0 4200 4200 3200
EHBEF type 2 EHBL type 3
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The Corrosion Me'chanisin ofGlass

DB BREEE
T !

- Katumi Yamazoe

Glass-lined equipment is widely used in chemical industrial field because of corrosion resistance.
There are many components in glass used in glass-lined eqiiipment, and the corrosion mecha-
nism is very complicated. So, the experimental method is needed for designing high corrosion
resistant glass and glass-lined vessel. But it is important to study basical mechanism of glass
corrosion from the point of view of research, development and applications.

This paper describes the relations between glass corrosion and various COndlthnS (structure,

components, solusions, and temperature).
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Fig. 5 Corrosion resistance in various pH solusions

3. BEERCLIMEME ‘

BT ADERBERCH T HWERYE L 586, RED
BRAEAZBETDHELMIRT . ¥72A0L 5 kBR{tHD
RENL, BT TEHELTRY, € pHELL T+
HMELAYD, ~EHEELLYT5, BAK)ORBRYHEES
EFEYY, ZOENRA F v OWBE BT I WHEEOR b L
WA Th D, HROBE, FERXPHZ gigTh s, &F
5 RUILED ST R T4 = 7 D% pH ki HERMEE
=R 01lmm/y ChbBEEFEDL L7 7 THY, pH2
HIBO Bz BB OTNAEMSS D L b b, Eik, $
@@k%mmﬂﬁﬁw%ﬁﬁm&b,@;D%7Wﬁu
L ez PN

ﬁ7XMﬁ%%®%ET%D,~Mm4ivﬁbﬁbﬁ
BWRONBBCIZMAEENEBIND, Fi, #T XIMEE
C, $BOIHICBEEA LEELHBERRL, BACH
LCREEMBEBEL TN BRAZTERNE L Vv 7
FRFA =V P TCREBTDONTEETIZRED S HEARHY
MEHITROEETH %o

(1) 100 BBl EOBESRME

2) 100 BT DBET7 Mo I KB,

DEEND D,

_naw%#TTm%mebmﬁﬁéﬁﬂbrk<M
BB B,

3.1 BECKBEER

79274 =V S OBERTHIEEHMEBIIRD LS CE
2B TNBY,

TV AF¥

~ .. — N
=S - OM + H T =Si - CH + M* (1)
—t S ——d A
TR i oA 4
~ea: s T .
—/—Sl - OH + OH - Si :‘.‘__;Sl - 0 - Sl:+ %{22?

75 2E —
i b

B2 K V/SEEEER
Vs mm/y Table 2 V/S vs, corrosion rate
e 0.25
45 Q.25
22 0.25 Condition
5.5 0.22 20 95 HCI 140 °C
1 0.13 24 hr

CDOBEEILIREF O Sitt DEEIC X - TEREIND,.
Si0y DEDL\ BN Y 7 » T FRBBEMEN D <
(ORCREIND &5 InA 4 vBEISHEEE QXD L
5 BTSRRI AN S 720, BEEEII/AI N,
1) EBEX
::THKK;5ﬁ7z@%ﬁﬁ§ﬁ%%ﬁﬁbf&é
LRDE BB,

dWg,/dt=k+S(Cag;—Wsi/V) " &)

Wsi s BigEF 0 Si 0F
toor R
Cag : BBFF D Sitt OETFIEE
dwsi/dt : [REHE
S I ¥IADOKERE
V o BE
k @k (BFRoOEE BE BE ¥7
ZADEHEC LY EAD)
Wsi=WeXg 1 2 LTORZEL &
W 77 2eHRoBEEE
Xa (BRPICBBE LY 7x®;ﬂzé}a>p~j
Si0y NERESE

W=CasvV/sz[l—eXp{("‘S/V)'k't}] 4)

Ll ol ol
L,

CoRLD 77 A0 BARE, F7AOEE WAEOE
B, BER LD v ABERELT TR, BE/RE
BmEORBO KEX, BREGBERLTHD ZL0F
B WROBBEEIL V/S OEBKZWEBEN PRV |
LEERL, BEIRE S BNEEROLER R 2B,
NS IIEREREDO/NEBRTRR U RERS, KBREE
ko TRHRARBORBC ZOEEIHEATERWI LA
BRL T3 H2RICHEAD V/S TRBLLRICHES -
N-EREAERERT, chdkb, F¥7RLDBEHLTE
ey VA OBENMELACERTE S0, 1BFOT 2
FC, V/S>20DRHTHD, S TATL =Y T ORA ;.
&%mmrxr?éﬁmiﬂ@_a%+ﬁu%ﬁbr%<?
M%ﬁ% Zo“’ '

77xv4_/aoﬁmﬁ#é@ﬁﬁﬁm%ﬁﬁﬁmﬁ“

HEEL ThE, BEOBEBIIRO7v=y X0X KX
;':)o '
EBAA VDL ICHEENOBNBETITELTNT S L :
ZE2BNTWARD, V7 AORLBRHNEELRRF L o, dW/dt: xv 2oEREE
%o A, B:EH
@ﬁMﬁ?x¢@Sﬁ*@Fﬁ*«@ﬁ%ﬁﬁf%b, , T iEdRE
%8 - Ry 7Y o EW Vol 85 No. 1 (1991/8




200°C 160°C_ 140°C 120°C_100°C
T T T T T

—
=

=
ot

SN \o‘\ ]

=
=3
K
T
olo
/
1

Corrosion rate [mn/y]
o =1
Han o
T
Q>
%
o /
'S
/
/A//
1

s
=
=3

T
1

1 1 1

00 21 22 23 24 25 26 27
1000/273 +t [t:temperature ’C]
£6 R HClKBRCH T S &
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Fig. 7 Comparison of corrosion resistance
in HCl and CH3COOH aqueous solusions
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Improvement of Water Quality on ' Aquaculture ”

——Water Quality Under Several Filtrations——

BORBFRER FHEsg
de ; ® 5B

Yasuo Kitamura

BB 15

Osamu Hajima

In recent years, “Aquaculture” has been growing interested in fishery industry. Because
deep-sea fishing industry is regulated by several international laws.
The key for success in “Aquaculture” is commercial payability, which depends on quality

of the producting water.

This is our main concern, that we establish effective water usage system.
There has not been enough studies produced suitable or economical use of water quality for
“ Aquaculture ”, even though the relationship between the inhabitable environment of life

cycle and water is very important.

Based on the information given, and our past experiences with other “Aquaculture” facil-
ities, we, along with Oyster Research Institute, have studied the effects of water quality

needed to raise abalone in their earlier stage.

¥ Z M 2

WAE, SRR ABOEBRRGINFESh, MHmE
NHEDETHHEE LD S “HEEE” T 500
'_l%i 91?7’:0
BEREOROAITIL, HEMCEE LKA~ P 23b
D, WHICIZBRIR Y AT 2% DL BN, FOHRETH
%o Lo L, EHETHAINDHTEKOERNIEK
B oW, SSaBoe B, 88 & OBERAREN
bbb d, RUTEORITH D,

—7, BT EERE) - TE2FEEN - FEN21EKE
PR AEL LT, BESBOMAEELHE-> T 5,

DX REEDORTH - T, HiFHmECHERAIN LS
BEEKOBERLEKE % F O, EWELLD Y 7 FE
BELNL, T »EFgER] L RRAPIEE1T - 7.
EFSCTCIE, BEFPMER & PEEEOMRE L UARE
FIEBLEKD 7 v e BHEEAD 8L ROCEHET
Ao
1. B

EREKEZFBLTHTIHRT Y 27 2 2B\WT, BRE
IKORBELI T4, FOKREIT L - CRINFICERET 58
BEE L ABERT, v A7 ARET S EIEY O BB
Y BETHEBURCE Y, ZEFAKNORRE - =A
a3 nZ 22 EBHET 5,
2 SEERGFR & HARG
(1) SEBRIEAT

MEBA » PR BHERE EREN

R R A AR SRAT R AR 211

2) REJHH
198647 4 1 A~19884 3 H31H
3. HRBE

1V ) »EFFEEr
PE DR O BB K % W i U CHeRr U - B kg
DEYHOEBE, BLUOEBY 7 »OMEEH
2) /v 7TV 7@
FEL 7 L2 OEER L OUEKDE=R2Y > 7
4 =ERLEE

FRALFE? 7 203, AR 285mm » 24, 240 mm
1A, 194mm 22 KD 54T, HX 2000 mm i
b=~ VEIRER D 5 L Th b, FEE XL, FEEX
/FREHE (L/D) 23 100038 s & 5 iEsic &
h 600 mm # 713800 mm & L7, £KEIEE 10 mm o
A& Smm vy +Chit iz LR L6080 % v & 2 D
V7Y EROMF LD L L, ZBER L OUKEITSTIRY
BUTIT» 720

FEOFEEREL, BUKMAS &S uedokm g & #8
ELA7 2D EEX VI mm FiFi-fr@c, ZEEERIoK
& & FRE E200 mm A7, ABKE & EhRES
VOAEWL 71 5 » T EKBICET 720

mE, FT7ANERIE, =ExyREEREACCHEE
Ea-7 1Y 7L, NOBH T LDPELBRT N RE
L7zo

REBRICK T, 5KD» 7 L FE U7, FHOBEE,
AHE (E.S.) BIUHEEFEK (U.C.) FBE (L)
R EDOFBETTE, B1EREC, FBPT L0 BHREEN
i, B1ErRT,

¥/, RUN2KEBWT, 5RDIZT 2D C2E L
VGC3m 24, BENARXERFBFRS LOFEHXEEHE
BHEINENFNSGEL 72,

ZTOERKEEIL, C2H 7 1L A—DOHNELXETHE
X900mm D » 7 A &EEHE D T 2O [, A EIRK
b, PR B EXFREE CTFFCEAREE
FBIZKE Lo C34 7 212, FEEKSTH END B4 C2
717 ADOYIEL & RRCIFRE % CF, E¥xBfc L
C, PRI D320 mm i TEEFBENRTEX 5 L 5 ikE&L
720 BEBZ DWTIIETM LR U TH %,

HERD 7 7 A OEERE, B2 H-CRT,

5. EBFHE

BUKE W, BR1ICRT LG, ERERCE LB
CHE Lice BUKRA » MiE, BL Y TmBENAKET
2m T, BUkKRy 7 TRE LT, EES AOFER S
Z A @BK LIz, (BE2)

FEKIZENES 75> 7 v OBBRIAAEET D720,

Vol. 35 No. 1 (1991/3)

My T Yy 31




N
h; Gravity system constant
i' velocity filtration

o HWL r

=
()\'erﬂﬂ —

Gravity system constant
pressure filtration

900

Akl

% s ﬁ_—— Ciean ot

Pressure

1500

= =t _ -
: + T e = B = § B
Raw water 2 EJ, ;“—“I‘ — Air drain aw waler |2 TT aw water 5 _ j
- -—_ - Y -
Backwashed Back washed
B","f‘j‘ a ‘f,‘z-— wastewater . waslewater
\aslewdie ‘ e . i
3 ‘
Water drain Nt Overflow JWL

oS
dauyge
' ~ — —Air = © ! - Air Y
[ A ]5— e «
U |
Pl T
Filtrated water Filtrated water
Backwashed water backwashed water
C2 Filter column C3 Filter column
B1R 77 AKX B2E EBR2ICHIT DT AHHTHEEX
Fig. 1 Filter column assembly Fig. 2 Modificated filter column assembly
B1 X FAVHITLET
Table 1 Test criteria
Run fem Dia. of Filtration! Filter media [Depth of| LV Filtration EBaCkwahingAir bltowing; Operation R k
Col-: | column | area E layer rate | rate rate technique emar;
No. |umn' Qe PE(LY) M(LY)
Ne i mm m? mm m/h eh i ¢/ | &/h
Sand P
C1| 285 | 0.064 0.6 600 6 380 3000 3840 | 1000 | o
1.4 i ©.7) 1.0 ¥
B - S L B . ]
Sand Pres:
C2| 285 | 0.064 0.5 600 6 380 2500 3840 | 1200 e
2 ) (0.59) 1.0 Y
i
; Sand l i i Pressure-
E EHE 1 HukEg €| Cc3| 240 | 0.045 0.8 | 800 | 10 450 3000 2700 | 1000 System
. - e i a.n 1.0
Photo. 1 Intake piping 2z — i S
2 i i ;
3 Anthracite i H i .k/
C4| 194 | 0.030 . Cogoo | 15 | 440 950 1800 1000 P’:SSS‘:;;
K i 1.2 | | | (0.53) 1.0 o
—_ [ ———— e e A S R S — |
i i i ‘
Anthracite | ! i i ‘
cs! 1w | o 030 . j 800 20 | 5% | 1500 1800 571 P’:*i‘:;;; Low L/D
; P2 | ! | 0.8 1.0) 4
i : | !
i | Garnet I i i Pressure-
[ Cl| 285 ' 0.064. 0.28 635 5 | 320 3000 3840 | 2268 (Fif‘ff‘ﬁ‘{; High L/D
= ; .36 ! ©.78) | (1.0 media)
5 i
E Sand ! i i . Gravity-
gicz2| 285 . 0.064 0.5 610 5 | 32 3000 3840 | 1220 system
= | i (Constant
~ ! 1.9 | {0.78) .0 | Velocity)
= i : an . system
C3'' 240 ' 0.045 0.6 655 | 2~8 | 90~360 ; 3000 2700 | 1092 |(Constant
1.4) i | Q. 1.0y pressure):
i . H i 320mm |
i Sand Single ! !
cz2| 25 | ooee 0.6 bed | 5 1 a5 3000 3840 | 1000 ; Fressure-
K] | ‘ Lo 600 i (0.78) .0 Y
8 I N | I B
s ‘ ‘ i ! Sand 0.5 | Mixed i _
glcal 20 | ooss: Gomet bed g | 20 | 1600 2700 | 2050 | Fressure
- . a9 800 i i (0.6) (1.0) Y
- R L — S S Sp— b - -
E Sand Singb{:i i i P
' C4 194  0.030 0.8 100 300 | 2000 1800 | 1000 | oore
- ; a.4) 800 i | Qv @0 Y
BH 2 HEBER b ; , |

Photo. 2 Test unit

{Remark] ¥1 Demention of LV are m/min.

39 gy 7y H

Vol. 35 No. 1 (1991/3)




» 4 r_‘ W W u !
Y Y )
2 X bl Outlet
c;b . =N
HHF [
Outlet | l 1= M*ﬂfl:i ,
1 - 1
, d’
) p- Loa -
. % % % 3
t N
ﬁ L7 el AP rl, Nembranc 533
= = filter ilter
T Tt ] FEAfia 7 v~ — b
Wi} Fig. 3
T4 Flow sheet

C-1 Column ¢ 285 C-4 Column ¢ 194 P-2 Backwashed pump
C-2 Column ¢ 285 C-5 Column ¢ 194 B-1 Blower

C-3 Column ¢ 240 P-1 Filtered pump FI Raw water flow meter

B R 3 ®EHKE
Photo. 3 Rearing tank

BHRICRT LI, TOFBKO—H4%» 7 22 E
R 030 L MEKBCEE LD, A ——-7a -~
L THTEANRE L2

TBERIK X, 2 EWTEFTERB © BERIE L@ (10
m3/h) OF@EkE I sny 7 g vz~ 0w &2y 7v
Y7 4nvE— (25p) TTRFBLAE, 0p 2a—-T~
A~ CIFE L gk a 500 £ K I B LR Uiz,
PEFBNEE A 7 2@ ok B e <, FFEE L 200 mm
DALE F Ckfik TiFrctk, 7w v - CERKHEEEZIT,
EORIIPE R 70T, KEBEEETT - 2o WEEEZEIZE
AT RDEELT, BEERFRAISLUTIE/AE Ui,
B3I, RBReRFH T~y ~ FERT,
6. HDthAE

BFER IO TEROAERIL, KE S S—F 717~ &
HED VY — e = F 7 v Gy Z~(80X Y — 2 ED
RERED T OVTREE i TR OSSR BT R
DEFYTHD.

Y74 254 R 1204
RVAM) w772y 1000 pe
F v PVDEEFECONTIE, BB LIERY

FI-2 Backwashed water flow meter T-1~5 Rearing tank
FI-3 Blower flow meter T-6
PG Pressure gauge

15 000,
o]
LV 26.7 4
L LV 267
. LV 125
EF 10000 -
=
S LV 20
@
3]
z - o LV178 b
E LVI25 Lvs
=
£ 5000 LV 15 -
K] N Lvé LV 10

Rawwater Rawwater C1 Cotuna €2 Columa €3 Cohun €4 Colomn €5 Calumn
(Plankton (Plankton (Saod 0.6) (Sand 03) Send 031 (Anthracite (Anthracite
net cloth  net clot 0

) 80}

£4 TIRIREE & R B ORI
Fig. 4 Change of particle numbers vs. change of LV

T IIKE AN Y Y FEHEER 10 % Mz A FRCT T -
Teo XBIE, ¥ TVKIZGIEFIICEEERL, Hehic
SHTE At LTz,
7. EREREIEER
1. 1 FBETEFRNKE

P OB, PMEE, X OVEEEHE OIS KE
hH 2 DHEAHERTH D, THREBERES L 2FMHMo
R L OCPHREAEEL, C1~C57 7 L THAD
PR AT oo &7 7 LORETHFRETIHETLR
DEEBYTH %,

¥/, MEETIES D PR E A MUFREED 2 fFI
U756 OFEMEKEOEC DWW TLER Uiz, &0
ROV, FEEEOCSE(C L 2FEAEKE & L
TE4RR LT,

Vol. 35 No. 1 (1991/3)

o DA

v 7 B 33

Backwash water tank



@

e 23000

i M M M M

60 4

F

RLing

I i
L0100

SIS

3 :
o = ) i+ il 2 S0
‘é me é 2 2im
- = Duwp = ok
o Sl =z [t
= T 100000 . 1300 00

20 g i

= TO0 A=
5 000F -

10k i R o

i} L SRR S o ' RIW-IRW-2RW-3RW-IRWS o J_’L [k—'l C4 G

IR RW IR ARS RS RW-IRW2RWIRWAHRWS C1 G2 G5 ¢4 G SHOE-S RAY-oRAv- UL L

- Sample No.
Sample No. Sample No.
Column . . Raw water treated under Mesh opening of plankton

No. Filter media® ES mm LV m/h a plankton net cloth net cloth pm

C1 ‘ Sand 0.6 6 RwW—1 i 20

C2 Sand 0.5 6 RW—2 30

C3 Sand | 0.8 | 10 RW—3 g 40

C4 ' Anthracite | 0.8 | 15 RW—4 ' 80

C5 | Anthracite | 1.4 20 RW—5 100

BS5E KT LOFEBENT
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Introduction of ‘“Recycling System of Treated
Effluent at Kobe City”

(EDBEEES BHEN 25
EOHF % B
Takaaki Hirai

It has become neccesary to reclaim treated effluent of sewage treatment plant, because of
water shortage. At Kobe City, a model system which reclaim treated effluent of sewage
treatment plant, Recycling System of Treated Effluent, has accomplished recently. Ozone
treatment is used in the system in order to make recycle water.

This paper is the introduction about Recycling System of Treated Effluent at Kobe City,
mainly about Recycle Center in which recycle water is made of treated effluent of sewage

treatment plant.
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Fig. 3 Relationship between color removal
rate and ozone feeding rate
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Anti-earthquake Tests of Cooling Tower
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Mizusawa

7

The author outlines an eathquake, and describes an analysis of vibration and a method for -
analyzing a response to an earthquake, all being a major consideration in dynamic analysis
for cooling towers. The author further ascertains how the cooling tower responds to an
earthquake by attempting a comparison between the anti-earthquake experiment and the
theoretical analysis of the coolmg tower. The results indicate that the ~analyzed values are . -
found to be reasonable, and prom1smg for optimum antl—earthquake design of coohng towers

in the future.
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ig. 2 Examples of .seismic waves
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Fig. 5 Magnification factor (Single-mass model)

Single-mass

model

fon
P=3

]

- X
Magnification factor [xst
O H N W R 1 Y =) D D

10 20 30
Ratio of frequency W/Wn

X 1

Ve e

: g S (=P-sin wt)
h :@E=EH

o IRIREE

ij: T BEREERAL

on : BEEREE(= vE/m)
X . REEAL

Ly, 85 HERTIREEEHBNARING, ZhIT,
BB o ¥ BORIC, o RBIREETHH GHRF)
Mz B OB EERYRTHETS %0
SHERFROEE, 20 1 HOLS K, n ROBEFREE
(o), n HOEEFRZ tv (BF =~ FBREAM 2FHD,
Fe- FOERARL LY, SESROBMGEBEERIR
Dbhhb, BEORC 2ERAROHAERT.

iz, BERESEOE, =~ FOoRBEEYLZ, BEEMN
7 (W) &, BE~MV vy 72 (M) CXHYRDOR
L ORD B,

zn}mr'jur .
py=7t—
i, (5uy) 2
r=1
Tk, r =1~n~E.m§k
m, =ZHgx i

sUr =j K—E - F\%#{ﬁ
B =i REMEHFRE

—%, WEBOXIK, BaRlans (ZOBEINERE)
BEALT BIEERD DA, BIROESHHFERXE D
FRADHEMEREA R 7 v 74 A7 v 7 CEL] &
5ﬁﬁ%ﬁﬁgkﬁgﬁz,k®$m1X®é LMXTE
.Z,)o

/

$6E 2 ERRMIGEHR

Fig. 6 Displacement response

7777777 7777777

Twomass  Primary  Secondary
model mode mode (Two-mass model)
fi He f2 H
T T

- Response displacement curve ‘

=

@

g Primary mode component

<

":é, Secondary

i3 mode

@ component

=

(s} K

% .

&= / AN \

~ N \
/ =~ ~ = .
- L \
1 i

f1 fz (HZ)

m-X+ceX+kex=1£(t)

TEWT, BHthd AtBBOREESY
x(t+ AL =x(t) +x(xAL -
x(t+AD =% +X() x At
X+ AD=ft)/m+(c/m:x+k/m-x)

DERC L Y RD B,

SEEROBEZ, FNFENOE~ FRK(W), |
RE B #ALT, EREILOBEOEREE (
FEB) TXVRDBZ LNTES,

Dk R, E~ETFY ¥R (modal an
sis) LFEATCW5B,

3. 1/2% F VA IRENE R

3. 1 WEREBREE

THERARRERY H T RiTRd. MRERXGEOHE
o, 10ton/MEMREL L »/co BE1ZE
ﬁ'ﬁf—?‘—g&o
3. 2 R

Wb iR SR A EIHE (4F4a2 %Tﬂ/) D1/2 ke
BEA L. MheF VEEHE Y TiE, EETE %
1/2 &1, EFREE BF=- FEk%, %ﬁ%&*ﬁ
BT, BREFENTETWERE L
3. 3 EBAE

ESHTINEE vV ~, TEBAMOES — VE
Brrd. HAMEBREIX, /ey tue—NSERHE
IR AF R A SEEOEL, BEIFRDFNERIL DN
27

t,%%ﬁm%ﬁﬁkﬁi% FRFEAT 4 — 7
h—i é.ﬁﬁ@j%ﬁs [:é:.l;ﬁ’\"‘:"‘ ]‘%‘Uﬁ@ﬁ%mu%ﬁ")ﬁ:o
KRB LVOBE 2 CEFHEEEE R T,

3. 4 EREE

3. 4.1 BEERBEROEE =~ FEk

IRE ORBIE A TERE L X4, FOROIGEME
@Eﬁﬁﬁéibéﬁ%%xv4~fﬁﬁawgoi

44 ’ | WYYy e

Vol. 35 No. 1 (199



g j-./_-
o
o W4
K==
;’._D‘ —
R
W4 .
E = Exiting device
) < GL
I 1 I E/E——@j

BTH SHEmRARRE
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