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Numerical analysis technique was developed to simulate mixing and oxygen mass transfer capability of
a porous plastic diffuser. The minute bubble group was numerical value modeled by using the Euler's
method. The model was calibrated by the average bubble diameter based on the experimental void
fraction value.
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The plant in Shimonoseki City is composed of a grate incinerator featuring high-temperature incinera-
tion with air ratio of 1.6, a high-efficiency heat recovery process, and an ash melting process. The
effect of flue gas recirculation has been evaluated aiming at the reduction of a further total air ratio
by the simulation analysis using a 3D CFD code. The analysis results show that both the reduction of
the NOx density and flue gas will be achieved.

Key Words :

wom O O
0000 RBEAA
w" = A Kk
PO O H 18 8
00000000

Municipal solid waste
Grate incinerator
Low air ratio

Flue gas recirculation
Simulation analysis

0000

W0, 2000420 AD FRETOO0O00OOXARH
0O B0 52 1E0, 20024511 A 0% LUk, JIE
RO EERD M0 0 0 0, Altigk0 SiEeREE « &
BEO O ALEEO AN0 O, BEHVK, UKD ¥ERLED O
OMAM0 BREXREMDEHO 0000000,
0000 EEARD RO ODOD20044F11400
e 140 0 0 O R EEEIRO DD OO
ooo,

00 0MRZESED KD, R2EKH01300T0 2
EODOO000, ¥FMNIRED BFEiEfk0 0000
00000 - KED NOx BAED HNNOOD

OMEDMERO D XLEODDD, OO0%SEDOO
OO0 REEPED O 0 —&0 BA - ER0 O Hik
000000, AODHEWARFEIIOODO0O
O0000%EMr000, 0000000048
O0FBERO 00000 %GA0 20 00 0 R0
O##FODO0O0OWEDO,

1. 0000 FHE

U0 000 P00 EARERO BO O RO, F0
-0 xFmfEE D WATREXO A0 0000
00000000, E¥8E=0400000000
BRSSO D000, 00, “WRREESRD Frpdeio
ArED O EARMD, —&ABEE 00 0 0 3%

Vol. 3 No. 2 (2007.2)

FREAEREED DD 000D Bk 9



ZHRwIN

LA o ’ ) ‘j,k,%gi
L

ANA 2 REA =7
MEEI A b —%
WA BB R b—7

B0 EEER

®O SRR

0 EJZ IN
K e % 425
"B % 50.4
K g % 7.1
IRAE I8 2 kl/kg 9712
RO TTEES
C % 61.2
H % 7.5
N % 1.9
0 % 29.4
S % 0
cl % 0
& 7t % 100
PR 2SR mw/kg 3.26
EOoEi K
it s &= kg/h 7 500
—RIER IR m*/h 27 700
ZER bt 1.13
TRZER R mi/h 12 000
EEE 0.49

0, 000 Z%ZE50 A% 7m0 O WGAD #0000
goo,

2. BWTAZERD &

2. 1 FMiixt&O000IER

BiEfArD 0000000 0%0 ik GHEsE)
0 ZERS0 180 vd /F 0 (B30 FEL0 O A4 %HFrO 1/2
O00O0fMO0O00, 0000%0 11 58ED
00, 00, ODOMR, O0AHE, BRESKES
BlO O 0 #H5E 440 2003%0 4 (10H, 15H, 19H,
24H, 26H0 0 HED EHMO0 £fif) O FrEExTE

075 11 36011 360, 676

©-O-f- R T pa—

L)

QOO |

3. o000 3 0o 0 3l o 00
2l OO O O 2l O O 2l O O O
il O O OO 11 O O i O O O
A B C D A B A B C

L L1 L )bl L)Ll

« H1Z FL=4 000 705 D@ X
O N0 O #EEhs

T

BMOMBHEO O, ROOFHESEMHO RO, FMADFEN

OO MAL - IBEDERO0D D0, e o O

0000, ROOOOWEAED DO D RD,
PEOD B0 BEOO0FMO D00, 000

NOx 4RO FHOO, —JF, iMEEEODODOO,

PEO O BB R0 &

Ze 00 k0 O BB ERD 228

TRZERIRO GAD FEED B

TRZEREL D

TRZERO DO RLED

O0¥EEOODDO,

2. 2 BEMRHOODO
BUEMATO LA O 0000 “Fluent

ver. 6. 1. 222 00000, #0000 NOxOODOO

FRAODO, OONOXxODOODOOOFHEAOOOD DO

O 50 BREED fEATRE S0 &0 O O NOx A RkO B

OO0 e¥fE0 @k R0 M0000, 00, 4

00000 %00 NOx Af&n 00, 00

00 NOx, 00000 NOx, O0O0DO0O0 NOxO

ROZEOOODO, OO0, &EOOO0DOO keD O

OofHAo0o0oo,

2.3 (FE & #H
Kt EORADOMRBEO DD S&H0 U TO0O0

O FIECREDD,

O #EOO0OO0OFMED, CH, CO, H, CO, O,
N, HOOOMEO DD, OOMEKOK/0D00D0
OWEIZO/KRO>O000000 kO, 00
O0APE0D D O0DOD#EDO,

©® e

10 FREEREED DD 000D Bk

Vol. 3 No. 2 (2007,72)



®O X¥FOO0ORADODOSM

():lkb ﬁi o E‘f CH, CcO H, CO; 0O, N, H,O Total
m/s K mass frac. | mass frac. /mass frac. | mass frac.| mass frac. | mass frac.|mass frac. | mass frac.
i i 1 0.0306 788 0.00824 | 0.08862 | 0.00684 | 0.10435 | 0.08485 | 0.58332 | 0.12379 | 1.00000
PRI I 0.8989 788 0.00824 | 0.08862 | 0.00684 | 0.10435 | 0.08485 | 0.58332 | 0.12379 | 1.00000
Wl I 1.9205 788 0.00824 | 0.08862 | 0.00684 | 0.10435 | 0.08485 | 0.58332 | 0.12379 | 1.00000
T i 1.1754 788 0.00411 | 0.03994 | 0.00335 | 0.05695 | 0.17168 | 0.72123 | 0.00273 | 1.00000
Rl I 0.4815 735 0.00285 | 0.01471 | 0.00032 | 0.00000 | 0.22544 | 0.75668 | 0.00000 | 1.00000
R I 0.1241 735 0.00285 | 0.01471 | 0.00032 | 0.00000 | 0.22544 | 0.75668 | 0.00000 | 1.00000
=®O —RERSGA
I [ - $QE, DDAD@DQQ Dmmm@mqq O O #HAL
PRBR| 2 | A%k | W | & | A% | iE | O N. | CO. | H.0
m/h K Vol % | mm m/s | mm m/s | Vol % | Vol % | Vol % | Vol %
Casel |12 300| 293 1.65 0 68 9 59 68 8 59 21 79
Case2 4100| 293 1.30 0 68 9 20 68 8 20 21 79
Case3 8 898| 293 1.30 15 68 9 43 68 8 43 10 75 9 6
Case4 8 898| 293 1.30 15 63 9 50 63 8 50 10 75 9 6
Caseb 8 898| 293 1.30 15 58 9 60 58 8 60 10 75 9 6
Caseb 8 898| 293 1.30 15 74 9 43 61 8 43 10 75 9 6
Case? 8 898| 293 1.30 15 61 13 43 61 8 43 10 75 9 6
Case8 8 898| 293 1.30 15 75 9 35 75 8 35 10 75 9 6
Case9 8 898| 293 1.30 15 58 9 43 78 8 43 10 75 9 6
Casel0 | 8898| 293 1.30 15 61 8 43 61 13 43 10 75 9 6
Casell | 8898| 293 1.30 15 68 9 31 68 8 31 14 77 6 4
Casel2 |11 961 | 293 1.30 225 68 9 58 68 8 58 7 75 10 8
@ k%%m oono ]\Hjjjr’ﬁjm ﬁiiﬁg%’ :‘Jﬁ\g 25 a 1250 25 b 1250
B, GO D040 5%, #0%5 | = o
= by 0 | & — [
BOOOO0DO0OOARODO : O :00% Els 750;%( —co E{” 75"%_?2
AOFOMEoDOoMROREDD., £ "R som K" " i
® OO0#MEDREDEREDD ANBD ’
o .0 o o
PN =5 2 HI% yB 0.00 2.00 4.00 6.00 8.00 10.00 12.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00
RABEARNTO FEM0 , SRR (O O IREE S s
O CO, CO, O ffipk) OO0 0OD # 2 1250 2 T
= C
@mOoooooo, 20 1000 20 1000
= co - CcO
J:?ED ?JILE\D ﬁ%r‘ﬁ%ﬂ%ffﬂ O k%%fﬂiﬁ*m %lS : 750g ‘802 %15 750 § 20
OWADDOOMKROREOROORD, Zo g e X o g
. . "R .. "’R .. m
ANAO 0 HEO IO 0000 0 3 ED 5 230 5 230
0 -WZESOMOOD&MHOROO 2RO, O 000 200 300 600 500 1000 12.00 000 200 400 600 500 1000 12.00
e y I jA] [m I jIa] [m
0, 4E0%EMGO0, O0mERD TR e
—wZERO00D00D0000ODOoo0og, e f
" _ 20 - o . 1000 ol — 20 . . \ 1000 o
3. ﬁ?n%l] %g %15 70 5 o %jls " 150 5 o
3.1 SEEID O MR 0 i 2, s =1 %, L =1
. s ; = H=11.5m } = H=15.1m
Casel 0 200340 AMFNDO O EHFFO T % 250 = bso
i‘éjE,JD @ii%ﬁ:[l /1:%%%[' O ﬂg*ﬁm oooo 00 300 200 o0 oo Y TR ST
000, W0 0#MA (Co, CO, O) - 4545710 ) T )
IREED SERMED FHRRRO IO RO DR oo a7, e~fO O wibEs
) N it — CHFEFHFMOOMOOOAR
Do )(%%J:D CcO /)EED E:FIFJD, #/k CO0MED %000
ABERID IRED MO 00000, 00, & RO SEHED O ik
Vol. 3 No. 2 (2007,/2) MSEREDODOOOD B 11



[Mole fraction]
2.00e-04
- 1.90e-04
1.80e-04
1.70e-04
1.60e-04
1.50e-04
1.40e-04
1.30e-04
1.20e-04
1.10e-04
1.00e-04
9.00e-05
8.00e-05
7.00e-05
6.00e-05
5.00e-05
4.00e-05
3.00e-05
2.00e-05
1.00e-05
0.00e+00

KO NOxOOOOMX (Casel)

230 —seGrEm
Hea 1 GHEAE)

.55 (FH5iE)
H=4.55 (G 5Lfi)

® H=3.9 (FZHIf#)
H=4.1 (i)

200

@
3
T

H=4.55 ()
/\ H=4.95 (F2ll{i)

A =

\/

0
0.00 200 400 600 800 1000 12.00
JFEF71 (m]

NOx [ppm]
g
T

(%
S
T

NOx [ppm]
g

20
-4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00
Sl 517 [m]
200
180 |
wof T —e o
140 -
% 120
100
¥
% 80 -
60 -
40 |
20 |-
0 ; ; ; ;
3.00 4.00 5.00 6.00 7.00

CFEFHFHOOMOOOARD
00RO %000

KO NOx O ZEHIfED O Feiig

Z DM T
—o @ Nox 1
TR T LA

RO NOx ¥ e 5 i

BAMO FEME0 EiRL 0 220 —% 000000
O0PE0 0 RO 00D RO R0 B0 00
O0FWROODDOO0O0ED0O0, A&O0DDOOODO
Oma0®0O000000,

Casel 00 DOO NOx#EEODODODODD KO KOO
w0, 00, FHEMED FERED kD R0 0 R0,
HREODO0O0 kKT ED NOXEEEODMMEDDDZE
O ROODOMEmO0A00000&ADOO0O0, OO,
CBESRDODODO RO DO00D00RAO0DO0
Z00,

FRMED 0 0 #5520 0 AN S0 S2HMED
WOXRHROODOHEWOD, SEO0DHEEROD00D0
RO ROFMOO0, 000, FMEOO0D0O00
NOx #E0 RO O /RO A7 ED O Wk 43 ED O
O, 000 KK+ SO “wBRESOO0D00HA0
OO0 0O, 00000000000
O,

3.2 RO HD D BREERD 2L

Ze5bb1.650 H4 (Casel), #EO0 O HEERO OO
78R b1.30 %4 (Case2), BEO O FFEER 15 %0
22 (k) 130 54 (Cased) O &40 0 3%
ADDHOD RO FHEMAROROO 2RO, OO, 4%
00 NOX RED HAEMAFO RO D RO, BO
00000, 22&kk1650 0% 0#E0 0 &0
43000 mvh FREO OO, 2244013000000
P00 &O 34000 myvh OO DO O0O0OOOO,
HMOO-<x0000, NOX®ED EFO000D0 7
o000, —F, 00 FMEROO0DOOOOOO,
PEO O £033000 myh O OI8O O O, NOx jifs

12

MEREODODDOO H# Vol. 3 No. 2 (2007,2)



(1) Z2e R 165D B E

B
0%
%R > > - > > JEIAEHT 2
1R+ 2 RZER FEERAIHEST X
02 8461 m3y/h 02 84611 m3y/h 02 3333 m’y/h 84%(7.8%) 02 3333 miyh
N2 31830miy/h N2 31 830 m3y/h N2 31 945 m3y/h N2 31 945 m3y/h
ast 40291 m3/h  CO2 0 m3y/h EFEL 165 CO2 4318 m3v/h CO2 4318 m3v/h
H20 0 m3y/h H20 3175 m3y/h H20 3175 m3y/h
&Et 40291 m3y/h SO2 0 m3v/h &EF 42 771 m3y/h
(21.0 % O2 B FE) HC1 0 miv/h SO2 0 m3v/h (R 25)
“n Hat 42 771 my/h HCI 0 m3w/h (RZ)
Z —_
7500 kg/h
Q) 28513 (EGR 72 L) DA
5 R
2 RZELIRINAR 0.0 %
0%
e R > - > > JEZEHEIT A
1R+ 2 RZEXK FEERAIHES X
02 6666 my/h 02 6 666 m*n/h 02 1538 m3w/h 50%(4.5%) O2 1 538m3y/h
N2 25078 m3y/h N2 25 078 m3y/h N2 25193 m3y/h N2 25 193m3y/h
&t 31744 m3y/h  CO2 0 m3y/h Lt 130 CO2 4318 m3y/h CO2 4 318m3y/h
H20 0 m3y/h H20 3175 m3y/h H20 3 175m3y/h
S 31 744 m3y/h SO2 0 my/h A&t 34 225m3y/h
(21.0 % 02 J&%) HCI 0 miv/h SO2 0 mPn/h (BRZ)
-3 & 34225 miy/h HC1 0 m3w/h (BRZ5)
Z _
7 500 kg/h
(3) 2¢& k1.3 (EGR K15 %) DA
fEBRER
2 RZEZ RN 15.0 %
16 %
2R » > - > > JEZEHEIT A
1R+ 2 RZER FEERAIHEA X
02 6436 m’/h 02 6 666 m*n/h 02 1538 m3y/h 44%B9%) O2 1308 m3\/h
N2 24210 m3ywh N2 28 503 m3y/h N2 28 618 m3y/h N2 24325 m3\/h
e 30646 m3yh  CO2 762 m3y/h WL 1.30 CO2 5080 m*y/h CO2 4318 miy/h
H20 560 m3n/h H20 3 736 m3\/h H20 3175 m3y/h
&t 36 491 m3w/h SO2 0 m3y/h &t 33 126 m3w/h
(21.0 % O2 /) HCI 0 mw/h SOz 0 mw/h (FRZ5)
_— & 38972 m3y/h HC1 0 m3w/h (BRZ)
Z —_
7 500 kg/h
O 0 O BREzh R
140 140
<
120 '/\‘ 120 \’\‘__—'
100 100
E 80 i 80
& &
o 60 60
z g
40 40
20 20
0
m=1.65 m=1.3, m=1.3, 0 5 10 15 20 25
EGR 72 L 15 % EGR S
* HEIT A AR (%)
T Jo = 4 ISR
O ze&th, HE0 O RO EO  HE0 0 R ms

OO 00000 4000,
3.3 #HO U BRREDFE

E%

PO O BB R0 2k0 0 0 40 NOx RO

O0D0O0¥EDDODOROORO, HE0 0 FiEsR$E

015%000 NOxfRmzh 0000, 00U ED

=

P00 HERF0 0 RBRIROZFODO0D0O0OO,
00, AB0&EfErD 0 —w2e%0 00400 &
MEEBROODD00D0D, —WwEEEEDDDDARRO
O ORGSO BED DA, #F0D000 —KkZ%E
%0 0. IRED18 %L FO FOOODDOOOODOO

Vol. 3 No. 2 (2007.2)

FEEREO DD D000 Hd

13



140

120 R o ‘/

100
80

60

NO [ppm]

40

20

0
30 35 40 45 50 55 60 65

2 RZEZ IR IA At [mys)

K10 —RZERWMGAGIHED 58

140 WA F It 81 43 m/s

120 e ———N

100
80

60

NO [ppm]

40

20

0
THALM38% THAOMS0% THAALM:62 %
E11 —kZEKELD B

00000000, 00000, #00 HER=R
015 %0 ERRO MWD O,
3.4 ZTREKVGAD RED 228

KEEF ED NOX FARED teigrymo 0 oo g,
TRZERPGEA RO O O k0 O %&0 0 WGAD it
HOMEDDDOMRHNO O, BEHERD 000 RKL0
O0/Rr0, WOAD JEER0#O O 0 O #5 T NOx 2 ED
FHROOODOO, 000 KO000000000,
AlHI0 O 0D 0 R ZEKMGAD FikD #2850
400030000,
3.5 ZREREND FE

#ZO00x=00000, #F00D0D0000OALH
Ok#E+O00%A00HO00ED HFO0£20, 000
O, *tm00 02RO B0, MGAD a3
m/s — &0 &0, RHED0SE0RE0DO

140 WA 5 143 m/s

120 * ~—

100

80

60

NO [ppm]

40

20

0
CHARMZHIOE SHAADM:SAGOE ZAANM: TR E O
8:13 9:8 138

K12 —wkzZek000RED B2

000, HEHsR0 110 <0, S2EEHD D 4
PAO O NOxBEOAE0=0RO0000O0, k%
S0 20400030000,

3.6 —RZEKODDDEBED 2L

3. 50 [AERD &0, —®ZEXOO00ERE (%%
OFEODO00ORMOD, HEHER0 K120 =00,
O0%A0 NOXREDAEDZO0RODODOD
O,

g 0O 0O

180td EFRL - D0 0/REODODODOOO,
PO O BPEER0 BI0 O BEMAT0 D O 0 0 O A58,
UTFOmROO000,

O —wZEAOH0O00FMEROOOODDOOO,
PO O 80 (RI80 NOx ¥ KD i 70 12
KOODDOOFE0O0O0,

@ NOx BEEMEBEED ~k2E5H0 0, EED
ZREOO, #0000 BMIEER¥E0 15 %RED LR
OF4#000,

@ ZWZERO WGAD Wi, Z2eXEdsry, 000 /D
BOZ¥FO0000000 NOX #EEMLED %0
OKXKOOKEHROBEOOODOD, OO0OHKFHE
FOLEOOOODODODPHEODOO,.

A%0000%FF000 S0 MO0, KT

000 FEKEDMEODDOOD FEDOO,

(&% k]

0) tEnZE, FEEIE, ATmA=E RO D D0D0D
O## 0000 XBEEUFD 0 0 O R4 R BRIEE S |,
Vol.2 (2), p.19-25, (2006)

14 FREAEREED DD 000D Bk

Vol. 3 No. 2 (2007,72)



Jooooobooogod

Jooooood ‘ .

New Resin System for Repairing .,;—;_u
Glass Lined Equipments

)

gl
"~

HATBATE A

0000 BSbH%ER Brsl0 000 =

%2 ® B &
Atsushi Tada
0000 s
0O00o0oo0oo0ooE
Ok - m
Kazuaki  Aoki

O00000D0KBEOO00 mOD B0 0 5E, MEENT, HERED 00 SMMED DD D
0000, SAHND O MEHAD BEMEID FBO 00 0 F0 MED 0D, OO0EEED &D il
DO¥00000FRO0ZD0O00D, BATHED EED MRED K0 O #ERMIED B0 O 5%, #O0
OFAMOMEELMOMO 000000000 AMERHD St B TRESIGLASS (DOOO0O) ]
ORHOO,

BI/E20074E 0 B0 A0, MEDkRO0000MMARED Ha04E, 00000000%0
HAMRFD 000,

When a part of glass layer in glass lined (GL) equipments was damaged during the use, field
maintenance is carried out to repair the damaged section with a suitable method. There is a need from
the market to improve the reliability of the GL products by increasing the adhesive strength of the
interface between resin used for repair and glass surface because of peeling off during the use. As a
result of our research and development for making our customers satisfy, new resin system
(RESIGLASS) which has better adhesive strength between resin and glass surface and corrosion
resistance than the repairing resin now being used has been found. To put RESIGLASS into the market
in 2007, the final field tests and the improvement have been performed.
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Glass-lined equipment have been used for years in the fields of pharmaceutical and chemical industries
where high degrees of corrosion resistance and product purity are required. Manholes provided for such
glass-lined equipment, used as inlets for feeding materials, are frequently opened and closed. However,
manholes are closed tightly with many clamps, and its opening and closing take extra work and time.
"E-Manhole" was developed to solve this problem. An "E-Manhole” can be tightened with fewer
clamps by the use of an O-ring for sealing which requires less tightening force compared with sheet
gasket. Accordingly, the manhole insures easy opening and closing operations and is thus easy to use.
Furthermore, it is a clean manhole contributing to reducing contamination (with the O-ring easily
removed for cleaning). Since the introduction to market in November 2005 the number of sales has
been on a steady increase, and a customer satisfaction survey shows that the product has been favora-
bly accepted. The report here is made at this time when a series of "E-Manhole™ of other dimensions
have been completed following 400 mm ¢.

Key Words :
oooooooo (GL) Glass Lining (GL)
O 0O o oo Manhole
o o o 0O Clean
ffi O O O O Easy to use
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£ HHOG (High-purity Hydrogen and Oxygen Generator) OO0 000 04/k0 0 I&EAK#EDD
O OO0, k0 EmER HHOG O, EMOD D000 EMO DO ND FED BEMD KHE
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By improving the current high pressure type of HHOG (High-purity Hydrogen and Oxygen Generator),
a more compact High Pressure Hydrogen Server has been developed. In the current HHOG, high
pressure H, was generated with controlling the pressure difference between O, side and H, side. The
electrolysis module should be located in the high pressure electrolysis tank. In the newly developed
High Pressure Hydrogen Server, the electrolysis module was redesigned and had high resistance against
the high pressure and pressure difference. It can be operated under atmospheric pressure at O, side
without any pressure control, maintaining high pressure at H. side. Therefore, the total system can be
simplified and becomes more compact. The improvement of the Membrane electrode assembly also
brings about reduction of power consumption. Less than 5.5 kWh/m®, was established under the
practical condition (>64 % of energy efficiency).

Key Words :

K FEFEEEE Hydrogen generator

7K 5 E Water electrolysis

[ 1 5 - TR fR e Polymer electrolyte membrane
EEAR N I N Membrane electrode assembly
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Wastewater Treatment Plant with Reduced Sludge
Production Installed for Misuzu Corporation
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This paper describes the operating results of a newly installed wastewater treatment plant (WWTP)
with reduced sludge production for Misuzu Corporation at Nagano, Japan. The plant consists of an
activated sludge bioreactor combined with moving bed biofilm reactor as well as thermophilic aerobic
sludge digester. The operation of the WWTP was started in April 2006. Removal efficiency of influent
BOD was more than 95 %, resulting that the quality of effluent was less than 20 mg/L of BOD. It was
observed that biological excess sludge was significantly reduced.
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Reduction in power consumption
000000000000D000, 0000000000

gooooo up
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Generates High purity gas
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High pressure hydrogen server CH5D
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Hydrogen dew point
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A built-in pure water unit
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Size
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Introductory example
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Electronic industry
Metal heat treatment
Thermal power plants
Fuel cells
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